1 LASER BEAM PROCESSI NG MACHINE Field of the Invention The present
sinvention relates to a | aser beam 5 processi ng nmachi ne for applying a | aser
beam al ong dividing lines formed on a workpiece. Description of the Prior
Art In the production process of a sem cagnductor device, 10 a plurality of
areas are partitioned by dividing lines called "streets" arranged in a

| attice pattern on the front surface of a substantially disk-Iike

seni conduct or wafer, and aLASERc REAYS FERCES SIECOMACEINES forned in each of
the partitioned areas. Individual sem conductor chips are manufactured by
15 cutting this sem conductor wafer along the dividing lines to divide it
into the aredsedathhahendraresiticm t forned thereon. An optical device
waf er conpri si ng gagkiun1 nitride-based coqgound sem conductors | am nated on

the front surface 8f RTESFPRi rEVELLPFatElRr§eal §8 Eut 28FEn§eaMvi di ng 20
lines to be diryded iy RakAdihw 96‘9'51;35&}&?& 2de¥LEeSHaME B g 'd'i%tdi%@‘ tting
di odes or | aser diodes, which are wdely used in electric appliances.
Cutting al ondinkes diorngidngn ianemrdfpitclte -above semi conductor wafer or

optical device wafer is generally 25 carried out by using a cutting nmachi ne
called "dicer"”. This cutting machi ne conprises a chuck table for holding a
wor kpi ece suGiesas idptSem eanduet o iwaf er-tor optical device wafer, a cutting
means for cufting the Workpi ece nerd on the chuck table, and a cutting-feed
means for noving tR& EhacRraduchbre precese clta iseFlreadateradevdaeo each

Cut'ti ng bl add RORATEACOR Tt RESERiHal Bohh ACUPEVAY Aahanr oty oy CaTLel & 2

rotary-drivi ngtirhe vt aryaspetdie.a Thettobipdgtdtade the L@MOSRR fafcea

di sk-1i ke base and an annul ar. cutting-edge 2 :
of a substantially disk-1ike semiconductor wafer, and a

circuit such as IC or LSI is formed in each of the partitioned
areas. Individual semiconductor chips are manufactured by
15 cutting this semiconductor wafer along the dividing lines
to divide it into the areas each having a circuit formed
thereon. An optical device wafer comprising gallium
nitride-based compound semiconductors laminated on the front
surface of a sapphire substrate is also cut along dividing
20 lines to be divided into individual optical devices such as
light emitting diodes or laser diodes, which are widely used
in electric appliances.
Cutting along the dividing lines of the above
semiconductor wafer or optical device wafer is generally
25 carried out by using a cutting machine called “dicer”. This
cutting machine comprises a chuck table for holding a
workpiece such as a semiconductor wafer or optical device
wafer, a cutting means for cutting the workpiece held on the
chuck table, and a cutting-feed means for moving the chuck
30 table and the cutting means relative to each other. The
cutting means has a spindle unit comprising a rotary spindle,
a cutting blade mounted on the spindle and a drive mechanisn
for rotary-driving the rotary spindle. The cutting blade is

composed of a disk-like base and an annular cutting-edge



which is nmounted on the side wall peripheral portion of the base and forned
.as thick as about 20 m by fixing dianond abrasive grains having a dianeter
of about 3 mto the base by electroformng. 5 Since a sapphire substrate,
silicon carbide substrate, etc. have hi gh Mohs hardness, cutting with the
above cutting blade is not always easy. Further, as the cutting bl ade has

a thickness OJé?ﬁgrg%st %@bﬂﬂ‘tﬁ]td‘%d{r#dé? b 185 pfeQr rrrgilg%8gitg§nq8¥i’gﬁé must

have a wi dth ou p érefore, in‘thé cas Vi Ce measuring

300 mx 300 waséhen@resrmadi s ofhibe &4 r@@é@t_t@oghﬁ BheVE Cei B CoMBsodd %
t hereby reducing productivity. As a neans of dividing a plate-I|ike workpiece

such as a se#PrdRUR B VT draviad asdiapebessef ngp ot hoduk 5p Bhplyasg 15 a

pul se | aser m of yeyelh ength capabl e of passing through the workpiece
withits focB@?ng p%?rnt set t% the inside of the area to be divided is al so

att enpt ed Snowadays,Sianmk adi ampluses shipstaparesel Patentalbi d2408808raf or
exanple. In the dividjn thod nmeki ng use of this |aser processing 20
Cochhi que, |t HE oIS o R STER S RAP Sap B ERGTa S ab ADEVS Hebniaf an
infrared range) £apall 8o0fa PRSSE NhdNr oghthize, WOrpl eee thiod b1hremoae
surface side of the workpiece with its focusing point set to the inside to

continuously 4 orimclneest erf czlated 2@yen, i the i vidine ofnedhefawor kpi ece al ong
25 the dividing |ines,, and exerting external for al ong the ividing lines
Ghose st engUHFFEAL BOSHT CRECE ByTeto BHES bt Ioro1 HESiet ef] o eq

layers. The |fseFcbeAE PIOCERS| PPYsdBGAI Neqd O cLaf &Y E; QY3 heum apoygo | aser
processi ng has a chuck table for holding a 30 workpi ece, a | aser beam

appl i cati on nwanghfeorrapptathy cf thel sereasertchehmdevide basdnsisedd hel d on
e ek S i R B BB eR e for prpcess g foeding Lhe
As a means of dividing a plate-1like workpiece such as

a semiconductor wafer, a laser processingmethod for applying

15 apulse laser beam of a wavelength capable of passing through
the workpiece with its focusing point set to the inside of
the area to be divided is also attempted nowadays, and
disclosed by Japanese Patent No. 3408805, for example. In
the dividing method making use of this laser processing

20 technique, the workpiece is divided by applying a pulse laser
beam of an infrared range capable of passing through the
workpiece to it from one surface side of the workpiece with
its focusing point set to the inside to continuously form
a deteriorated layer in the inside of the workpiece along

25 the dividing lines, and exerting external force along the
dividing lines whose strength has been reduced by the
formation of the deteriorated layers.

The laser beam processing machine for carrying out the

above laser processing has a chuck table for holding a

30 workpiece, a laser beam application means for applying a
pulse laser beam to the workpiece held on the chuck table,
and a processing~feed means for processing-feeding the chuck
table and the laser beam application means relative to each

other.



3 The chuck table of the above | aser beam processing nmachine is
-processing-fed at a feed rate shown in Fig. 11. In Fig. 11, the hori zontal
axi s shows a processing-feed amount of the chuck table and the verti cal
axis shows a 5 processing-feed rate of the chuck table. As shown in Fig.
11, the processing-feed rate of the chuck table is accelerated froma

b1 ocessi ng- 1 aod ratBs( TR RSP B6cALe o P B8 RS FRRSERS Y Then

processi ng-feed rateée 7 ( rst~ processi ng- positiron

t he chuck taldaehimees s1@rakcea sphedeter aitneds peacesse nghdwedim atiey (\)1,. and
when its processing-feed rate reaches a second processing-feed position

(n2), the prdéesSitng-fleedHat®Heaist ¢rdécalomst @ PavFesedamedasd (0) at
a processi ng’arrrgﬁﬂlte% RO tdl"g?:k( 1 TR e Q}étrﬂi@glora@'{f%%rom%r qcessi ng

al ong the dividing 1 nes t he wor kpi ece, however, a pul se laser beam
nmust be applgredtdssimostifates) wheree ctfhehpr chaski hgbfeed Aatshoin tihe FKdhuck

table is a uniformvelocity. Therefore, the pul se | aser beam, is applied
bet ween t he filrstt T GUELS -ri‘ge"efiferﬁjos’?attiepr?f( e Ak Hédécdrid
processi ng- f eed POSidi N ) _abEw'@@QsM?C?eeaosEQEtCﬂ?t%ftﬁ@:@' GudPVUeR at a

predet erm ned uni form processing-feed rate (V). Consequently, the area where
the |aser prsegssEing psedetaanipedaproeesoingtteetheradreed Vhetaterfindte first

Bna the area SRR RE S8 prodesnifEea Tt Boariish THose A The
first processi rggreethasiidan 1de hatwpers ahich & herchusly takle idpves at
an accelerated velocity and the area between the second processing-feed
posi tion (nmRPrafeIh@gricestsiale flearhashe FesianicbPpIamsLadm@sdni ch the
Chuck {an© TaS I} 1y30, BEeLer el NELORLLY, PEFOTE AL Sl A eas
and prol ongi nghd becomeisngist tokeatofa phecebetkgt-dbkd, enbigdei t imredess t.he
downsi zi ng (ﬁTgrggf¥§ng¥lﬁ%iform laser processing along the dividing
15 lines of the workpiece, however, a pulse laser beam must be
applied in a state where the processing-feed rate of the chuck
table is auniformvelocity. Therefore, the pulse laser beam
is applied between the first processing-feed position (ml)
and the second processing-feed position (m2) between which
20 the chuck table moves at a predetermined uniform
processing-feed rate (V). Consequently, the area where the
laser~pro¢essing'is actually carried out is the area between
the first processing-feed position (ml) and the second
processing-feed position (m2), and the area between the
25 processing-feed start position (m0) and the first
processing-feed position (ml) between which the chuck table
moves at an accelerated velocity and the area between the
second processing-feed position (m2) and the processing-feed
end position (m3) between which the chuck table moves with
30 decelerated velocity become invalid stroke areas where laser
processing is not carried out, thereby reducing productivity
and prolonging the moving stroke of the chuck table, which

impedes the downsizing of the apparatus.



4 Summary of the Invention It is an object of the present invention to
provide a |aser beam processi ng machi ne capable of carrying out wuniform
processi ng by applying a pulse |aser beamto a 5 workpi ece over the entire
area fromthe processing-feed start position up to the processing-feed end
position of a chuck table. To attain the above object, according to the

present inv%}cgﬁﬁz;t@pr&é SIM%{P&E’ a | aser beam processing machine 10
conprising a a wor kpi ece, a |aser beam application
means for applying & pud sen laserctbegmttie pries amor kipl eoet el dcoprdiel ddhuck
table, and a processing-feed neans for processing-feeding the chuck table
bnd the | aserd TRSER 0T GG SE S SIS VA s GLery Sl n 18 ¢he
machi ne furtmimrpﬁ@@e%iﬁ%@w%ﬂ% ectionse MEANS it adeiecd i ng the
pr ocessi ng-feed amount of the chuck abl e and a control neans for

control | i Ag tWer kxsere begin tlpphitdaciavreatans Waspdoonssidetéerdmtat gnal

fromthe feed anopunt dettectt Qn_eans, .and .20 thedcontrgl. meags oytputs an

application sﬁ’og%aif o Yhe© IaSeP 883@15&8& F@&tdi oRnBERS 187 Bach “tHc

pr edet er mi ned-agprocessi ng-feed anmount based on a signal fromthe feed anount
detection neans. Further, according to the present invention, there is 25

al so provided a | aser aféampitbEesbrNg ﬁh&ﬁ?ge roAprisnagta thawikesdbie for

hol di ng a wor eCe, I j cati S i . pul se

| aser beam to the wor ’pitg%grehge?ggmog%&ﬁaggcjh%%ir {Egb%e?ggéaggmﬁgyolﬁ%%%rﬁégj-feed
means f of Opr ccasst e edi atgu ¢ b et atbile kf d il €l dintly tdhewd eigeredeam Rfser
application nmeans relative to each other, the processing-feed neans

control ling tqféarbrm%bl-cf%é%??%? eI_FOlbfaRFPﬂey &_Rlé]b?% s RYPBCRI erat e
it to reach apPreIgleB"ed]l Bracess AntreL AL € and LS KU St QI rddpm a

means for processing-feeding the chuck table and the laser
beam application means relative to each other, wherein

15 the machine further comprises a feed amount detection
means for detecting the processing-feed amount of the chuck
table and a control means for controlling the laser beam
application means based on a detection signal from the feed
amount detection means; and

20 the control means outputs an application signal to the
laser beam application means for each predetermined
processing-feed amount based on a signal from the feed amount
detection means.

Further, according to the present invention, there is

25 also provided a laser beam processing machine comprising a
chuck table for holding a workpiece, a laser beam application
means for applying a pulse laser beam to the workpiece held
on the chuck table, and a processing-feed means for
processing-feeding the chuck table and the laser beam

30 application means relative to each other, the
processing-feed means controlling the processing-feed rate
of the chuck table so as to accelerate it to reach a
predetermined processing-feed rate in the course of from a

processing-feed start positionup to a first processing-feed



processing-feed start position up to a first processing-feed 5 anmount, to
.maintain the predeterm ned processing-feed rate at the uniformvelocity in
the course of fromthe first processing-feed anmount up to a second
processi ng-feed anmount, and to decel erat® the processing-feed rate to nil
in the 5 course of fromthe second predeterm ned processing-feed anount up

to a processiggfged @ﬁaea%iﬁlFiinorehea% éeasté'fﬂ?ne& plpé§é>§§f»wgf£§§gimethe

chuck tabl e, erei'n the machine fur r conprises a feed ahount detection
means for detagctiihey uref qumoceskiang:= eed Ao uwtdude tdfe Ttmckchel Eidd e and a

control neans for controlli t he | aser beam application neans based on a
Goteeri on ol rnCas oot dno Mt E o R Br FE e T n  Pag oo

means conpri %%&td%@épeﬁ@@@stﬂé)?r%ﬁé%gﬁféé&“féﬂe P {or Setddag the
pr ocessi ng condition of a laser 15 beam based on the processing-feed rate
for the ppoces¥irge faedizomumhe fsormnhomdsessiined ambetsgingposddi on up
to the processjng- d.end position of -the chuck _.table b e . .

pr ocessi ng-feaem q%leéﬁl , tgn?:l ﬂ?%%?%l% f%% I(?I%:&latploosr}tslioélﬁaf%o%ﬁ?hTeMB? oocfessi ng
condi tion setpiycddei - tondid 1P draudihedsiser veamiappl i cation neans
based on a signal fromthe feed amount detection neans. The above control
map is a frequency ¥eniaehirgpirsrhescraniigl 35 @péepdi FrOER BARIRSL 0N a

I b b LNg- te f LNg- t
from the 25 BRSCEoa Roor 586 Al D Fhadt 1o Uit theTsPbtets: Hrdiihnd "
posi tionlof tieblhuaakd taabden ol heeqriockssidurifxred irvanthe JAconr Gawnt o the

present invention, since a pul %gslé ser beamis applied fragmthe | aser beam

appl i cation rfEdhst ST MG ueR 3 AR HOID fg The WoPRpreee $¢9 noved

a 30 predetergidgs RIOcEsSiY-Hests armunt, even in the acceleration
novenent area and the decel eration novenent area where the processing-feed

rate of the chuck ttdld eohtrol means comprises a storage means for storing

a control map for setting the processing condition of a laser

15 Dbeam based on the processing-feed rate for the
processing-feed amount from the processing-feed start
position.up to the processing-feed end position of the chuck
table by the processing-feed means, and outputs an
application signal of the processing condition set by the

20 control map to the laser beam application means based on a
signal from the feed amount detection means.

The above control map is a frequency control map for
setting a repetition frequency of a laser beam based on the
processing-feed rate for the processing-feed amount from the

25 processing-feed start position up to the processing-feed end
position of the chuck table by the processing-feed means.

According to the present invention, since a pulse laser
beam is applied from the laser beam application means each
time the chuck table holding the workpiece is moved a

30 predetermined processing-feed amount, even in the
acceleration movement area and the deceleration movement
area where the processing-feed rate of the chuck table is
not constant, the pulse laser beam is applied to the workpiece

at equal intervals and hence, uniform processing is carried



not constant, the pulse |aser beamis applied to the workpi ece at equal

intervals and hence, uniform processing is carried 6 out fromthe

processi ng-feed start position up to the processing-feed end position.

Therefore, the area fromthe processingtfeed start position up to the

processi ng-feed end position becones the processing area and there IS no
chuck tabhl e nmaki ng,i.t _possi, bl shorten

lid
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the present igiRdsOmg-SAdE bR @OV EN COf’[tHéHeff&@S tﬁ@”@fééeﬁrcﬁn gherage
means for storing a control 10 map for setting the processing condition of

a | aser beampé@é-‘@cfsdrh’lQ‘rf@%ﬂr sEessinnpifldan patle £be RIRCH? DERestorRd faed
B i 1] e IRCRESLIL 000 LA 1Y) LEOD 4D RN S PIssahng | eed

end position 5 processi ng- neans

out puts ah amﬁncﬂﬁ |ocm tﬁidgmﬁllucﬂif thh ltehe threeedss mak iagnditt p@rssi@tlebycot he
control map to the | aser beam application neans based on a signal fromthe
above feed éﬁﬁ&ﬁ@ndépéc?¥%ﬁeﬁ%éﬁ%tﬂéveﬁnﬁnr?%%c%6€§1éﬂé@l%ﬁ1#3%@@@%@ area
and the decelg; g;qﬂugnvenent area where the processing-feed rate of the
chuck table is"not constant, the 20 pulse |aser beam of the processing
condi ti on based onthehemnoaes$hegpteeénmauevestappb|ednta the wbokpi ece and

hence, the unifor roceSS|n is carried out fromthe processing-feed start
bosi L1 on Up (GG ROEBES P ERE Stk TS EPETS X SauanE: § Coti oot ea

from they gr oeRsstH-fred n 2Pn 8 R RRSIHY OFn &P § 6n biFea NLQESSHE SF Y end
position becones the procéssing area and there is no invalid stroke of the

chuck tabl e, Fﬁhéb@bprQQESﬁgngtfp@ésrbte for stior e aetse L nurdoessiamp unitme and
Fo 1 0o a Peribetty Ta e S L o e o Beanpidale Ry Londdh ne const fut ed
accordi ng tOﬁﬂ&éyﬁWfddweﬁalmltlon of the chuck table by the above
processing-feed means and outputs an application signal of
15 the processing condition set by the control map to the laser
beam application means based on a signal from the above feed
amount detection means, even in the acceleration movement
area and the deceleration movement area where the
processing-feed rate of the chuck table is not constant, the
20 pulse laser beam of the processing condition based on the
processing-feed rate is applied to the workpiece and hence,
the uniform processing is carried out from the
processing-feed start position up to the processing-feed end
position. Consequently, the area from the processing—feed
25 startpositionup to the processing-feed end positionbecomes
the processing area and there is no invalid stroke of the
chuck table, thereby making it possible to shorten the

processing time and reduce the size of the whole apparatus.

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 a laser beam application means provided in



Fig. 2 is a block diagramschematically show ng the constitution of a | aser
beam application neans provided in 7 the | aser beam processi ng nachi ne
+shown in Fig. 1; Fig. 3 is a schematic diagram expl aining the focusing spot
di aneter of a | aser beam applied froma |Iqaser beam application neans shown
in Fig. 2, 5 Fig. 4 is a perspective view of a sem conductor wafer as a
wor kpi ece; Figs. 5(a) and 5(b) are explanatory diagrans show ng the

rel ati onshi p die theseooreimapescassimhe merh tondiotvwr imefey. shown in Fig. 4

in a state where it_is held at 10 predeterm ned position_of the chuck

tabl e of the |aser %]Ega'm% b?o%&%%ﬁa%ﬁlﬁgr%%p?ﬁl?ilag Ek,leF#%C.u%”?% an
expl anatory dé@gf aim Show NGo A i Vi sk Ndhedm r@pggﬁ@ftfﬂgnsaejpas‘@frb@ﬂnout by
the | aser beam processing machine shown in Fig. 1; 15 Figs. '7(a) and '(b)
are expl anat o8P bl a3 o BhRwW nghovn | Bxefldeatn application step carried out
by the | aser beam processing machi ne shown in Eig._1:.Fig. IS a

expl anat or%y di agran]%ols b\%i 28 %r%ersr%?% 10 svhliep‘)” ng‘;D%gS?IRleC%I?%%g‘%%F n"gqfp %ed
amount and 20aprocesskpgedepcd rate of a chuck table provided in the |aser
beam processi ng nmachine shown in Fig. 1 and the processing area; Fig. 9is
an expl anatory di adfefd of° @f raé’tﬁiuér‘g? goft P¥PLamRposY AR TIE TAWIDY neans

provided in tt??eliaédfétp&%ﬂ%g%f)rﬂ?gsé&ﬁgd 'é‘eof?hﬁ}’!‘é £ %&étﬂg- 10
is an explanatory di agram of” an energy contro map stored 1n the control
means provi dedefer tdleowasiat beam 4 piocesst aige netodrt el tshioswhéId Fig.a 1; and
Fig. 11 iis an expl anat or% di agram show ng the 30 rel ationship anong the

processi fg- f StF SR LREY PHT-dcedsiongtieet Pak 3011 & RE ERGCk2E8hIRFHR ovi ded

in the laser processing machine shown in Fig. 1;

Fig. 6 1s an explanatory diagram showing a dividing
line detecting step carried out by the laser beam processing
machine shown in Fig. 1;

15 Figs. 7(a) and 7(b) are explanatory diagrams showing
a laser beam application step carried out by the laser beam
processing machine shown in Fig. 1;

Fig. 8 1s an explanatory diagram showing the
relationship among the processing-feed amount and

20 processing-feed rate of a chuck table provided in the laser
beam processing machine shown in Fig. 1 and the processing
area;

Fig. 9 is an explanatory diagram of a frequency control
map stored in a control means provided in the laser beam

25 processing machine shown in Fig. 1;

Fig. 10 is an explanatory diagram of an energy control
map stored in the control means provided in the laser beam
processing machine shown in Fig. 1; and

Fig. 11 is an explanatory diagram showing the

30 relationship among the processing-feed amount and
processing-feed rate of the chuck table provided in the laser
beam processing machine shown in Fig. 1 and the processing

area of the prior art processing method.



beam processi ng machi ne shown in Fig. 1 and the processing area of the

. prior art processing nethod. 8 Detailed Description of the Preferred
Enbodi ments Preferred enbodi nents of a | aser beam processing nachine
constituted according to the present invéntion will be described in detail
her ei nunder with reference to the 5 acconpanying drawings. Fig. 1 is a

perspective yj.ew;af J-a%81 eam Brp%g%sip%fe%@aﬂ @%b%@'iﬁteintt‘ét ed according
to the prese : hown in Fig. 1
conprises a stati@marfgrivasleelpodinkntk bpdbkelreenahesm Brbbassisgnmounted 10
on the stationary base 2 i uch a manper th it can ppve in a .

processi ng-f%&%@gﬁ?PSﬁ}EH%?@aﬁl‘éﬁo’b@l%% t%&’r?%ﬁ/ B(’fe%%go%‘iedétjé’%\b’r’-@ﬁi ece, a
| aser beam appl igeald-amddniitn SRRANt hrRGhaRiRP 4iMUR.ed @R dehe oStall onary
base 2 in such a manner that it can nove in an indexing-feed direction

i ndi cat ed5 by at®ompaayicy Yrseripasdi cul ar to the above direction indicated

by the arrow X, an%.a Ilaser heam aeoc%l.i cati.aon ugit 5 mounted__on the | aser
beam application u i 'suﬁ‘ﬁo?tp%sﬁa s 4N © l?cp'iaﬁe Tl PEREE S5 "Can nove
in a directi aadhndieccabrdt byutaa RIdxuikg 20 thepaboyst chittdntiahl € mpehani sm
3 conprises a pair of guide rails 31 and 31 that are nounted on the
stationary bagéer2bgsd Iose§sd Waraldhéne sheadh 16t fég.i 4 cRBPrises a

processi ng- f i, i i ndic : i rst. slidi bl ock
32 nount ed o%%%ﬁel%élt?%é}ebrggﬁ%’ fléiélﬁng ak%;ggsnﬁeg%h%\gﬁl%nge&léﬁaﬁssg‘g%hr%%gan nove
in the processi nief eedtdonectyi basendi cateachya mdrenear rid X it ceecades! i di ng
bl ock 33 mounted on the first sliding block 32 in such a manner that it can
nove in the Pn@eRFPgeFecddaf peetdorr s nhded IR aheYarh o oW s @Por t

(01 3 PR R seind skl alkogedt A enilpa! el et
has an adsor pieichvardlsock mounted on the stationary base 2 in such a manner
that it can move in an indexing~feed direction indicated by
15 an arrow Y perpendicular to the above direction indicated
by the arrow X, and a laser beam application unit 5 mounted
on the laser beam application unit support mechanism 4 in
such a manner that it can move in a direction indicated by
an arrow 2.
20 The above chuck table mechanism 3 comprises a pair of
guide rails 31 and 31 that are mounted on the stationary base
2 and arranged parallel to each other in the processing-feed
direction indicated by the arrow X, a first sliding block
32 mounted on the guide rails 31 and 31 in such & manner that
25 1t can move in the processing-feed direction indicated by
the arrow X, a second sliding block 33 mounted on the first
sliding block 32 in such a manner that it can move in the
indexing-feed direction indicated by the arrow Y, a support
table 35 supported on the second sliding block 33 by a
30 cylindrical member 34, and a chuck table 36 as a workpiece
holding means. This chuck table 36 has an adsorption chuck
361 made of a porous material, and a disk-like semiconductor
wafer as the workpiece is held on the adsorption chuck 361

by a suction means that is not shown. The chuck table 36 is



361 nade of a porous nmaterial, and a disk-like sem conductor wafer as the
. workpiece is held on the adsorption chuck 361 by a suction neans that is
not shown. The chuck table 36 is 9 turned by a pulse notor (not shown)
installed in the cylindrical nenber 34. 9The above first sliding block 32
has, on its wundersurface, a pair of to-be-guided grooves 321 and 321 to 5

be fitted totheaPoie PYILY e kil S3hrdndndtandg am ithg upper

surface, a pair of guiderails 322 and 322 formed parallel to each other in
t he i ndexi ng-dvedddiiaect imgmbemdidcat ed by the arrow Y. The first sliding

bl ock 32 constituted as described abgve is.so.canstituted as to be 10
all oned to nove intr e 3'egéfﬁg-FgéglﬁﬁrgéPang?nhﬁéat88 l%ﬁ the arrow X
al ong the paiundefr gififded,aial pad2 @ndB3bdnguifddd ?@@ofv@% 801 bgn@ui dedgrooves

321 and 321 to the pair of guide rails 31 and 3 respectively. The chuck
tabl e neehakissraidtad thee the @OV ddlamsddiovdde eodpn Sds aad1i31 and,

processi ng-f eed. I Vi he first, s|idi I t he
pair of gui dgﬁr é??g[%le%;rslg‘ggfgfgh %]%éﬁ@p?% élssi&eng%l?%g%% gé@t?%% f%r?%?%at ed by
t he arrow X pHrallprloaes Jatdhr foard@ rmeanshd’/ indelxutes faecmnlde reetewnr od 371

S

that is arranged between the aboveépair of guide rails 31 and 31 20 in
paral l el to tHEHCHFE £Yorihre adgeMee -sutReaslaspufsediBgopLlogho3for

rotary-drivi ngdde iihley & W dQd 34 e ml %os%ro%‘#’itxiggx‘%e@h?h% epe end

that is rotatably supported to a bearing | ock 373 on e above
stationat§ badddeghdot hevet herthend ddetsiirsy-tTeas Missan-coupldedatiech t he

tput shaft of .25 th b I tor. 372. Th | d. 371 i
or bwed |t 65 T GRIGH ChAdl ST FPOrmed O 2 SRae ot GRCbaeeY ( not

shown) proj eqtiithd ofd @met Be-BBdgLSHEHBGEL O e d N COMEL B2 1P6 T 108 fqa_tnt e first
sliding block 32. Therefore, by driving the male screwrod 371 in a nornal
direction or guevler 213G dilr estd o  wingspeled iyellye nBhercBzek theléir st
sliding bloc%@chanism 3 in the illustrated embodiment comprises a
15 processing-feed means 37 for moving the first sliding block
32 along the pair of guide rails 31 and 31 in the
processing-feed direction indicated by the arrow X. The
processing-feed means 37 includes a male screw rod 371 that
is arranged between the above pair of guide rails 31 and 31
20 in parallel to them, and a drive source such as a pulse motor
372 for rotary-driving themale screwrod 371. Themale screw
rod 371 has one end that is rotatably supported to a bearing
block 373 fixed on the above stationary base 2 and the other
end that is transmission-coupled with the output shaft of
25 the above pulse motor 372. The male screw rod 371 is screwed
into a threaded through-hole formed in a female screw block
(not shown) projecting from the undersurface of the center
portion of the first slidingblock 32. Therefore, by driving
the male screw rod 371 in a normal direction or reverse
30 direction with 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 laser beam processing machine in the illustrated

embodiment comprises a feed amount detection means 374 for



32'is noved along the guide rails 31 and 31 in the processing-feed

. direction indicated by the arrow X. The | aser beam processi ng machine in the
illustrated enbodinment conprises a feed, anobunt detection neans 374 for 10
detecting the processing-feed anmount of }ﬁe above chuck table 36. The feed
amount detection nmeans 374 conprises a |linear scale 374a arranged al ong the

gui de rail 3heardtaeole RoatesFidy-thald dforREMethoORHRR ehihdkRglock 32

and noves along 5 the linear scale 374a together with the first sliding
bl ock 32. TRé.redlehéasd Faninf defliestleadngabens 7 4t @eR T bPe freand N34

Control means CECR Af F- e RescrtoRE TG f oS FRaTY s’ Bt mont.

The control rFansthatl s etowdesed obedhe It &indié oy B2panh S encsignall® i
detect the processing-feed anobunt of the chuck table 36. Wen the pul se

motor 372°i s {iSed1REELNECH! PV LGSR Whéhabbe el 1t bcddsting Péed kreans
37, th i ; .
v o T odau Tl ot Sk A . o e s

counting the drive pulses 1 e later-

out putting a3drdi wveprdiigizala ooe-pa ze $6 gmatlor a2 .Likerthae saued nafdre | s
used as the drive source for the above processing-feed neans 37, a pul se
signal from & BCYPF EndoHBrtPor GRREE} Mpate WhiGhMitiloReofleske i9ed/o

motor is supplited tqf heLcontnQl IRARS er@Bsandnihe PHESEoRE IRl RehpRUt intoO
the control nmeans is counted to detect the processing-feed anount of the

chuck table 3@terTHesgbobedsewwnds ¢hiedingublweks 83 ilgas,lsohoidstepidéhsur f ace,
a pair of to-he-gujided arooyves 33 331 t be.fijted_to the pair_ of
guide rails ?ffc%ﬁﬁl§§& Fﬁb?ﬂaﬁnéégpgﬂeﬁ%%“ﬂbﬁagl§d$éacgﬁﬁ?l?@%%%B6V% first
sliding bl oclo3dramda S caneld 4 etheS@rdsyet @che cablrert @hebuediv t he :

i ndexing-feed direction indicated by the arrow Y by fitting the -
t 0- be- gui ded PFFICEEFSS BT eafHm83 st 3/ t HEHRIFPCEF Sgigdé epsl #BouBP 0 Hde322,

respectivelytHEQ% %QB&% 5@bé§nq§§%%@é%yé% EQ counting the drive pulses
15 of the later-described control means for outputting a drive
signal to the pulse motor 372. When a servo motor is used
as the drive source for the above processing-feed means 37,
a pulse signal from a rotary encoder for detecting the
revolution of the servomotor is supplied to the control means,
20 and the pulse signals input into the control means is counted
to detéct the processing-feed amount of the chuck table 36.
The above second sliding block 33 has, on its
undersurface, a pair of to-be-guided grooves 331 and 331 to
be fitted to the pair of guide rails 322 and 322 provided
25 on the upper surface of the above first sliding block 32 and
is constituted so as to be able to move in the indexing-feed
direction indicated by the arrow Y by fitting the
to-be-guided grooves 331 and 331 to the pair of guide rails
322 and 322, respectively. The chuck table mechanism 3 in
30 the illustrated embodiment has a first indexing-feed means
38 for moving the second slidingblock 33 in the indexing-feed
direction indicated by the arrow Y along the pair of guide
rails 322 and 322 provided on the first sliding block 32.

The first indexing-feed means 38 includes a male screw rod



30 the illustrated embodi nent has a first indexing-feed means 38 for noving
the second sliding block 33 in the indexing-feed direction indicated by the
arrow Y along the pair of guide rails 322 and 322 provided on the first
sliding block 32. The first indexing-feed means 38 includes a nale screw
rod 11 381 that is arranged between the above pair of guide rails 322 and

322 in paral bgh £Rathem o ARLh e 4GSO 1GR SHIVADaid BY 36 10RL 051382 for

rotary-driving the male screw rod 381. The nale sCrew rod 381 has one end
that is rotaBdBl gndupporiredpaxalded leathry, bindka 3B3 e edirare shehupper

surface of the ove fir§% s%idin bl ock 32 and.the other end %Q g IS
transni ssi on?c%l?]%%dnc{/ﬁotrh Ehet St PThE Dhatt: Y @ea]B?)g% PUISE 9 ? r-382.
The mal e screwersl S8triew 564 88a0h4 H@cachAterdeds ﬁ&ﬂaﬂmwghgpwwﬁd ina

femal e screw bl ock (not shown) 10 projecting fromthe undersurface of the
center porti A abeariagsetonl 33 dingdmivEke3BPaheisiace, o by vr BYPHE t he

pul S0 ot or 5855t he-eeand - SFKa Ao bFobk=aa PE a8 b AF oY the oui de rai ls

322 and 322 imahbfisedexagubeed viSHichedutsut skEatetdthy ddwrapuoweY. The
above | aser beam gggl ication unit support nechanism 4 conprises a pair of
gui de rails BeLaRd3%4- t Hdre BRréenpurRedododll He SCAErERatY Dasehpeangd

arranged par Q h cLn_t Lhndexi.ng-. f i i indi cated by
the arrow Y ghgggghahgrr%\%a ?%ﬁggpﬁgr? Eggléﬂ 2§%gﬁt§gggg t(ﬁ§£g§|H {'eVH?ai ls 41
and 41 it spebjacmangefrbhathet undarsovéaca blietder eehtoen podidcahedf by the

arrow Y. This novabl e support base 42 consists of a vab) e support portion
421 movably FBENTRECHH T ldiﬂgéoc}‘aﬁs APFSFOFE aRY I WHtid i Bélatei on 422

mounted on tBe, 2y Oy aklhe; SUPRBLha PALd Qi AXl o r TREyOPHOWING RO QRtA22 s
provided with a pair of guide rails 423 and 423 extending parallel to each

ot her in thetderpollsenmotdircatéd byet hecandowliZiva bhecsf 38t $sf mamks. The
laser beanlagggk%akkgngﬂghg rails 322 and 322 in the indexing-feed
15 direction indicated by the arrow Y.
The above laser beamapplication unit support mechanism
4 comprises a pair of guide rails 41 and 41 that are mounted
on the stationary base 2 and arranged parallel to each other
in the indexing-feed direction indicated by the arrow Y and
20 a movable support base 42 mounted 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 consists of a
movable support portion 421 movably mounted on the guide
rails 41 and 41 and a mounting portion 422 mounted on the
25 movable support portion 421. The mounting portion 422 is
provided with a pair of guide rails 423 and 423 extending
parallel to each other in the direction indicated by the arrow
Z on one of its flanks. The laser beam application unit
support mechanism 4 in the illustrated embodiment has a
30 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 43 includes a male screw rod 431

that is arranged between the above pair of guide rails 41



support nmechanism4 in the illustrated enbodi nent has a 30 second

i ndexi ng-feed neans 43 for noving the novabl e 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 peans 43 includes a nmale screw rod
431 that is arranged between the above pair of guide rails 41 12 and 41 in
parallel to th%{%%and a drive source such as a pulse notor 432 for

rotary-drivirfg HRPeredriéw Fedheiy. _ai?ﬁea FEiee §€Fé9\ﬁr%)th4§_f ARG end
that is rotatflor sHPRQI f&%@ﬁaﬂ@ﬁé@ ARG PhOCK S, shgwa)y Tixad on 4 he

above stationary base 5 2 an he othef end that 1s transm ssion-coupl ed
with the outgtewshafd 46fl hhae abevenputlset nbé arod82abIhesumbar tsod e a od 431
is screwed ig{o a th% aded,th h- hol.e_ f enmal e, screw_ bl ock (not

i f
shown) pr oj ectS¥g % 8m°E e(lﬂﬁ’\{io aééXSgﬁgh:?gﬁPgYep%ﬁ‘?b?P%’fytbr?§ermvabl e

support 40 pordior 2 bigNstdddtiig tike tmyaklie SupRIduase vA4h the
Therefore, by driving the nale screwrod 431 in a normal  direction or
reverse directutomtwishafithe fpiheeahoverrulze mheornddabl Esuppora seaser 42 is

moved al ong the de rails 41, .and 41.in the Jjndexing-feed directjan

i cated by " Ja7r o S8 YO e DA T SHCTo RO C RS cie
illustrated sreedeHcANMYlicxas @dthishdwel)deiroikand g fdragernkeam
application nmeans 52 secured to the unit holder 51. The unit holder 51 has

a pair of toBElFHEERR NS EENRT PP e @ héhsl rgaiahy & isupadnto t he
pair of gyi d%tor ek 453 ac!?:%s‘k?i%utpfﬁg:t%%d Qa2 %%:ﬁ%r{{ﬁ%%%fenglzpor“ on 422

and i s supporte I'n such a nmanner It can nove € direction
i ndi cated byrHdre farregwbd iy ifvitrig ngve e lteo-daaeguirded 4@riodves mbkmand 511
to the above guide rails 423 and 423, respecti vel%.é) 25 The illustrated | aser

beam appl i cat GG aTs O52r BRI S ddﬁqcﬁc’rﬂfb‘éﬂltéd’s@ @?f PREPTI $seddi®d to
the above uniyfyypldermh.and £d eds SuRstanthidddy e igauallag1d mit he

and 41 in the indexing-feed direction indicated by the arrow
15 Y.

The laser beam application unit 5 in the illustrated
embodiment comprises a unit holder 51 and a laser beam
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

20 be slidably fitted to the pair of guide rails 423 and 423
provided on the above mounting portion 422 and is supported
in such a manner that it can move in the direction indicated
by the arrow Z by fitting the to-be-guided grooves 511 and
511 to the above guide rails 423 and 423, respectively.

25 The illustrated laser beam application means 52 has
a cylindrical casing 521 that is secured to the above unit
holder 51 and extends substantially horizontally. In the
casing 521, there are installed a pulse laser beam
oscillation means 522 and a transmission optical system 523,

30  as shown in Fig. 2. The pulse laser beam oscillation means
522 is constituted by a pulse laser beam oscillator 522a
composed of a YAG laser oscillator or YVO4 laser oscillator
and a repetition frequency adjusting means 522b connected

to the pulse laser beam oscillator 522a. This repetition



casing 521, there are installed a pul se | aser beamoscillation means 522 and
. a transm ssion optical system523, 30 as shown in Fig. 2. The pul se | aser
beam oscillation nmeans 522 is constituted by a pul se | aser beam oscill ator
522a conposed of a YAG | aser oscill at ortdr YV04 laser oscillator and a
repetition frequency adjusting nmeans 522b connected to the pulse |aser beam

oscillator 523aquilis; repeidthim) mkind reguency; adjust ingmansp22b adj usts
a repetition frequency oscillated by the pul Se | aser béeam oscillator 522a
based on a cdmamlersiynarifderethey et pol sadamet heem ogleskl 4 bed .52k
transm ssi on,opti

al_ syst 523 compri ses _5.suitabl.e gptical elenents such
as a beam splb!ats[eélf,onet%.coimrcoglncf @rl S%fnhgﬁ’sei ﬁ:émé%r?geﬁ[ﬁaﬁﬁ ﬁéaﬁ:seers (not
shown) constddsdredbely. aTeenbiraathnoBsobnl epsesat haystay besfepfiptioas known
per se is_attached to the end of the above casing 521. A | aser beam

osci | | at el frdhtaRl alshiid qadl S Iedés g as0aokedt| R} bhteeanst 622 & eaches

t he condenser t t tr i tical. s e and is

appl i ed fromthe IE%%ggﬁgggﬂgfﬁﬁFgQ%ﬁ% 35$E%f§€%ﬁ%§|&¥§ﬁiE%g%éBove chuck
table 36 at cvrpredettsrdrbges doadiisiatg sspot Ihases erhad mikilse ffoaeissd g spot
dianmeter D is defined by the expression D (prg 15 =4 x 2, x f/(a x W
(wherein A | LONE REFePBntt RYTHCHHE tRetEBIRE ATadBr PRAKF SR I e ldi amet er

() O LG, BuL Se baBsLer bRAM SOLET1ROCAT 0kl eELi ool eRBITRAR e BRddarl S N

focusing distance of the objective lens 524a n the pu aser
beam shoWb ng o cGauisdi iam diestysi bRgioeadlse appla edntenseghS g heti200wih €dtd ve

s 0242, of e SAUenser 024 A0 Showt 19 Py 3 Sl g do g, 1 an
consti tuting ddiRlerdove2liassreheamraphliceahe 08 deane aBovailiisud PRSI Ck-up
25 means 6 is constituted by an infrared illum nating nmeans for applying
infrared radi¥tiadn & erake igomdgiest £ocars gyt ispglt diameter D. This

focusing spot diameter D is defined by the expression D (um)

15 =4 x A x f/(nm x W) (wherein A is the wavelength (um) of the
pulse laser beam, W is the diameter (mm) of the pulse laser
beam entering an objective lens 524a, and £ is the focusing
distance {mm) of the objective lens 524a) when the pulse laser
beam showing a Gaussian distribution is applied through the

20 objective lens 524a of the condenser 524 as shown in Fig.

3.

Returning to Fig. 1, an image pick-up means 6 is
attached to the front end of the casing 521 constituting the
above laser beam application means 52. This image pick-up

25 means 6 is constituted by an infrared illuminating means for
applying infrared radiation to the workpiece, an optical
system for capturing the infrared radiation applied by the
infrared illuminating means, and an image pick-up device
(infrared CCD) for outputting an electric signal

30 corresponding to the infrared radiation captured by the
optical system, in addition to an ordinary pick-up device
(CCD) for picking up an image with visible radiation in the
illustrated embodiment. An image signal is supplied to the

control means that is not shown.



system for capturing the infrared radiation applied by the infrared
illum nating neans, and an inmage pick-up device (infrared CCD) for
outputting an electric signal 30 corresponding to the infrared radiation
captured by the optical system in addii#on to an ordinary pick-up device
(CCD) for picking up an image with visible radiation in the illustrated

enmbodi nent. An |NBQ%_shgggl b aﬁugﬁ%n unl%oé unl troI gt tha%%%%%ﬂght

shown. 14 The | aser bean1app ca helqﬂ

has a novi ng emans rEhi OmsMevegiihenddrid 5|”BO|fermo5iLn§|ﬂli@ drer pailidedf gui de
rails 423 and 423 in the direction _indicated by the arrow Z. The noving
nmeans 53 conpti 8é8Ng Thendiad S efedy +&Rl reddts éhévﬁ)d 4F2r3ah§etﬂ'l%é1th}3@§r¥ltqii3e pai r
of guide raijlg 4 a dpi v 532
forgr otary- dr| \§/j|lng?ttera1d1qj ﬁ:zles%(r}é\?jvwr %d egﬁ/ggéﬁllrﬁ %a%s %OL&ﬁn ew ro (not
shown) insa rmammlscdeweml qnoar si@evier $& ratigeeCheonevhtthd beipu Seuinteor 532,
the unit hol der, é&nd 10 the | aser beam application neans 52 are noved

al ong the gwr(?el § &i4°%s 2Bs3 440 2Rg32 Ar e THESR i DR rif Gatdd I8 MK Tar r ow
Z In the illgst rf%tre‘}o%'i*i}gzd'd@%@tmgt heel AseL Depny,apphi C%ty N1 VIBRNERRZ 1S

noved upward by driving the pulse notor 532 in a normal “direction and noved
downwar d by drals ﬁgrEIWerpdl SEOt 1£1<mn onnsamomahedxmcetm dir ectviegrse The

| aser beam pracessi.n he il | ust enbodi t ha the cont rol
roans 10 ThELCAIOR Hadls 16 BRASEREEPE s ab b o st ch

conposed; of aneenhkal bdHiPes i'll&gtliBhtméé?rE’é%ZlQ%eanfvé‘@é'.’L?zSh@Qtl@é'gualr dd hnetic
20 processing based on a con program a read-only nenor 102 for

storing the c,r@mlrsOHZp’ir egrarh2 etiey thea digad/bicnt é ndigaded évcycé§1§ RErey  ( RAM
105 Tor SorN Eh ST, Ol ARSIall it SERUNT MO0y BB UIA e
feed 25 armumteadﬁst@ztll@nmae@aSuﬁxZérdlmg@rpvpﬂsgummms@,mcﬁm FB® in
a normal direction and moved downward by driving the pulse
15 motor 532 in the reverse direction.
The laser beam processing machine in the illustrated
embodiment has the control means 10. The control means 10
is constituted by a computer which is composed of a central
processing unit (CPU) 101 for carrying out arithmetic
20 processing based on a control program, a read-only memory
(ROM) 102 for storing the control program, etc., a read/write
random access memory (RAM) 103 for storing the results of
operations, a counter 104, an input interface 105 and an
output interface 106. Detection signals from the above feed
25 amount detection means 374, image pick-up means 6, etc. are
input to the input interface 105 of the control means 10.
Control signals are output from the output interface 106 of
the control means 10 to the above pulse motor 372, pulse motor
382, pulse motor 432, pulse motor 532, the laser beam
30 application means 52, etc.
The laser beam processing machine in the illustrated
embodiment is constituted as described above, and 1its
operation will be described hereinbelow.

Fig. 4 is a perspective view of a semiconductor wafer



input to the input interface 105 of the control neans 10. Control signals
.are output fromthe output interface 106 of the control neans 10 to the
above pul se notor 372, pulse notor 382, pulse notor 432, pul se notor 532,
t he | aser beam 30 application nmeans 52, égc. The | aser beam processi ng
machine in the illustrated enbodinent is constituted as descri bed above,

and its operat iz sd lwdrekpleses itebdeye ddsicvb Fig.1 £k drs e el spaet i ve
view of a sem conductor wafer 15 20 as the worﬁfi ece to be processed by a
| aser beam & CEHEGRIUEESE WA eF PN dRoRAT rff OGS 14 teoAdi atsst lgfcan
silicon waf I I f iti0 I |.i of
dividing Ii hee s 1%??%%%&18?%%}?%?ﬁf?égggfﬁgr#%ﬁn@f%d %f%g%d%aﬁiﬁtta%e 20a,
and a circui to2@2 vautimad inBsoR OLSkrirangkdr irda i haealte afat thermpasrd idtisoned

areas. A description will be subsequently given of a first__enbaodinent of
| aser processitfl cFUFIGIR mPa FtE@ St 1<fers W R thte o Vi A 1 nes

201 in the ingj.de of;if he dD semcondystiar; wafers 20 by applying a laser beam

along the dividing I'ines 201 of the above sem conductor wafer 20 by wusing
t he above | aser bea@mdersoresdiing medhi e sTies espranddndudtvem wef er 20sts first
pl aced on the _chugck tablfe 36 of the above-descri bed | aser geam rqcessi ng
machi ne 15 e O 1355 BAP 5 STt Yh &P T HE h&c i ]ﬁgre:“ f aces
up, and is suGhjdan-elfy ahd he whiicly takles 3%1 The trhusls itabler e
suction-hol ding the sem conductor wafer 20 is brought to a position right
bel ow t he0i megislagidugy aiearsfes Ay henwlotiessiand-dsead hegana 13709 2eAf t er

2l gnment. vork FOr eCBaT g hh 4r 63° FB BB (eI T 1 Hek: Boa of the
sem conduct orusiaferthGusr € ardd a0 vadm Brddees J imgen=uingkreup means 6 and the
control means 10. That is, the image pick-up neans 6 and the control
The semiconductor wafer 20 is first placed on the chuck
table 36 of the above-described laser beamprocessing machine

15 shown in Fig. 1 in such a manner that the back surface 20b
faces up, and is suction-held on the chuck table 36. The
chuck table 36 suction-holding the semiconductor wafer 20
is brought to a position right below the image pick-up means
6 by the processing-feed means 37.

20 After the chuck table 36 is positioned right below the
image pick-up means 6, alignment work for detecting an area
to be processed by a laser beam of the semiconductor wafer
20 is carried out by the image pick-up means 6 and the control
means 10. That is, the image pick-up means 6 and the control

25 means 10 carry out image processing such as pattern matching,
etc. to align a dividing line 201 formed in a predetermined
direction of the semiconductor wafer 20 with the condenser
524 of the laser beam applicationunit 52 for applying a laser
beam along the dividing line 201, thereby performing the

30 alignment of a laser beam application position. The
alignment of the laser beam application position is also
carried out on dividing lines 201 formed on the semiconductor
wafer 20 in a direction perpendicular to the above

predetermined direction. Although the front surface 20a, on



25 neans 10 carry out image processing such as pattern matching, etc. to
align a dividing line 201 forned in a predetermned direction of the

“sem conductor wafer 20 with the condenser 524 of the |aser beam application
unit 52 for applying a | aser beam al ong ltthe dividing |ine 201, thereby
performng the 30 alignment of a |aser bean1app|ication position. The

al i gnnent of t ase am appl.i.cati tion is carried out on
dividing Iine¥ i@% ?% ﬁ§ﬁ7¢#J§£ §§h?§gn (ﬁQﬁme$m.§§t§6 ?ﬁmécaPaBEFPBn
per pendi cul arwh 8ctheo ahaves RIRgeher Erhmgdpgiﬁ@ctamma‘yé Reughet B@VRaQHg
surface 20a, on 16 which the dividing Iine 201 is fornmed, of

senlconductor1lmaf%91Z&ﬂié@e§a&@Wnthtoﬂﬁhst@©hbﬂCkzﬂﬂﬁﬁﬁﬁgéZ@b aﬁetheVEdlng

| mge. pi ck- up- NeRRe bR a O e S G Y e CHRFr aPCEOPPFORE AR ing

means, the opbycahesmfmé@rllmmmuﬂgg imf ey ecihreadpatlk:@u apdttherbpage
pi ck-up device (infrared CCD) for outp uttlng an el ectric signal
correspondi ngCEBTERENENERAF agefadpat PRONasRde5BRI bBAJALBYEK WPt EEVi A

al i gnment i s cagtledgubcas dgscrbedraboye,, 10cLbessenigpductor wafer 20

on the chuck beconmes a bei ng p05| I one a coordinate

position showaornespbgdihg(te) theFgirardd) asiiaws oa, i aitde sufréived eocluck
table 36, that is,_the sem conductor wafer 20, is turned at 90 from the
posi ti on shown in FRgte5(td)E 2i5IARERF Yheaginded ABtI3haes6T 1P6ChBROFA: t he

sem condugf or ¢, wak ghi 20n BEL 8o Py REr MG, taRl @138 %a%%e%egeéaﬁleghs

alignnment of the |aser beam application positionis carried
descri bed aboweatehef duicly alslic 186 dsaow exbdwd fird ey potshéuompﬁbswndwl di ng

(11 ght-and-1 eF 0 Bt T of i PTG 0% 5 TH0 o BB bR U SR Phe | mage
pi ck-up meanstRat FytHigE, séﬁ&%bndﬁké%&NMhﬂéklﬁdl i& terecandc(bebtrepd in
Fig. 6) of the above dividing l'ine 201 |s ositioned right bel ow
the position shown in Fig. P
15 After the dividing line 201 formed on the semiconductor
wafer 20 held on the chuck table 36 is detected and the
alignment of the laser beam application position is carried
out as described above, the chuck table 36 is moved to bring
the topmost dividing line 201 in Fig. 5(a) extending in the
20 predetermined direction (right-and-left direction in Fig.
5(a)) to a position right below the image pick-up means 6.
Further, then, as shown in Fig. 6, one end (left end in Fig.
6) of the above dividing line 201 is positioned right below
the image pick-up means 6. After the one end (left end in
25 Fig. 6) of the dividing line 201 is detected by the image
pick-up means 6 in this state, its coordinate value (Al in
Fig. 5(a)) 1is supplied to the control means 10 as the
coordinate value of the processing-feed start position. The
chuck table 36 is then moved in the direction indicated by
30 the arrow X1 to bring the other end (right end in Fig. 6)
of the dividing line 201 to a position right below the image
pick-up means 6. The image pick-up means 6 detects the other
end of the dividing line 201 and supplies its coordinate value

(Bl in Fig. 5(a)) to the control means 10 as the coordinate



the image pick-up neans 6. After the one end (left end in 25 Fig. 6) of the
.dividing line 201 is detected by the image pick-up neans 6 in this state,

its coordinate value (Al in Fig. 5(a)) is supplied to the control neans 10
as the coordinate value of the processi Ag-feed start position. The chuck

table 36 is then noved in the direction indicated by 30 the arrow X1 to

bring the ot R@il@gf(ﬂﬂegﬁiogggsitﬂgl:t_@ed@nd Q&s%@f@rﬂ' V!ﬂ@@ohk?él%@aﬂé) a

position right below the 1 mage pick-up neans e i nmage pick-up neans 6
detects the ottheremmrhmflt hetatiad dileg ddoeli2Gt ecandh Isigsplafesha s coordi nat e
value (Bl in Fig. 5(a)).to the contraol .nean 0 as, the coordj.nate 17 val ue
of the brocedHfETEal SHFbIS A 0RO Contrl Sehite FOEHgRE i1y
stores the cegydidiater ialdigsrsdeddiggHcessidgdead oot a1 )pes tiHan (Al) and
the coordinate values of the processing-feed end position (Bl) of the 5

di vi di ng Pi nedR20uding tHeng atftlordraddes s ansham 2 qARAN) OB r Y difAMi g3 i ne
detection step).. .Accordingly, the .randgm_.access mory . ( 103 ;serves as
a storage neaﬁ%l\{‘lo&rﬁlsq glrjir}ﬁeg dpttneececclooélr |ne€ﬁ)e‘ % Fﬁggﬁ (r)er g#HéRg%céggflﬁg-feed

start positi atceanehe rgORMINAIS yalies £ at dito PO @sSNRYFH eact @ichg
position 10 of the dividing Iine detected by the inmage pick-up neans 6.
After the codrif FaCEMBEfe BRr1uAS Pf dbesbragereenostart shrst A Wifh t he

coordi nate v i LRQ: nosidion st
dividing Ii nga{rg’(eﬁﬂ%né%erg&%éa %%:ﬂg&;gﬁ?g@?gﬁ: as elsflgfif‘bgeecﬁ gﬁgyeg,ggt%eo%huck
tabl e 3610s mifvethebyithdandi $iaaceettartes pondiveg ihagtheichtepvedahetéeen t he
dividing lines 201 in the indexing-feed direction indicated_by the arrowY

to bring the seconddiSfi HRRFPLEFETBGE ¥3 PﬁétQ%BﬁBEFSSPHgFﬁﬁ?éd§t(aa5tto a

posi tion righi,del 0w the B PGk JraNS o@-th@h;ﬁr@@9¥§igésﬁéé9%d _
dividing line detecting step is 20 carried out on the second dividing |line

201 from t he papiroisin afo thet dopmolse dovridiingt éiveal Bes of Fhe. pr bxlessiang- f eed
start  posi tic?ente(cpf‘:z d %%dd%g%r%%%rddg 8‘%8, Vt?l'lxéjec L?c]:ck tt%%le 36 is moved by
15 adistance corresponding to the interval between the dividing
lines 201 in the indexing-feed direction indicated by the
arrow Y to bring the second dividing line 201 from the topmost
in Fig. 5(a) to aposition right below the image pick-up means
6. The above-described dividing line detecting step is
20 carried out on the second dividing line 201 from the topmost
to detect the coordinate values of the processing-feed start
position (A2) and the coordinate values of the
processing-feed end position (B2) of the seconddividing line
201 from the topmost and temporarily store them in the random
25 access memory (RAM) 103. Subsequently, the above-described
indexing-feed step and the dividing line detecting step are
carried out repeatedly up to the lowermost dividing line 201
in Fig. 5(a) to detect the coordinate values of the
processing-feed start positions (A3 to An) and the coordinate
30 values of the processing-feed end positions (B3 to Bn) of
the dividing lines 201 and temporarily store them in the
random access memory (RAM) 103.
After the dividing line detecting step is carried out

on the dividing lines 201 extending in the predetermined



processi ng-feed end position (B2) of the second dividing ine 201 fromthe
topnost and tenporarily store themin the random 25 access nenory (RAM 103.
" Subsequent |y, the above-described indexing-feed step and the dividing |ine
detecting step are carried out repeatedhy up to the |Iowernost dividing |ine
201 in Fig. 5(a) to detect the coordinate values of the processing-feed
start positions (A3 to An) and the coordinate 30 values of the

processi ng- f e&HF @REL PoSAT I RRCLIBRA @h@ive ofthet gaugkviabhg PPneshebiiand
temporarily stof & e id, e Lgadom choutﬁi*ngﬁl"?%@dR%M P%??Slirblgets&%% he

dividing line detecting step i1s cafrrre e divid
extending in tdea p$‘eamé %lmmmedlﬂ&?lgh rew) on Tazrdedeleirhbedhabove, the chuck
tabl e 36, that t he sem caonduct or mafer 20 is turned at _90 to be

posi ti oned t@o%v%t%?%‘:%h%‘\?\ﬂ Gy YE1g9 bip§ defirsileddrd 8FePtifeal 8RR Heder i bed
di vi di ng lsi ne;det @etdng: 8189 1§n@é S.@ofaéﬂ@rsﬂdﬁuf%n op gipdding lines 201

extending in a direction (right-and-left direction in Fig. 5(b))
per pendi cul ar (tghtheandt ¥é Ot nig rldateon20d Faxt.ehdbhp perndrediahboher to the
predet erm ned,. ection to %ﬁjtse(:t t he, coordi nate val ues of the

processi ng- f € Vjs‘ﬁjar?? 037 i PEFERG R AT Jritf 13RP D RS TSRl ves of

the processi ngirf &egi &Nt PogétdONSthD cod Bt Ofv£aeds A r tHg above dividing
lines 201 and tenporarily store themin the random access nenory (RAM 103.

As for the I NARIVEEURSSHArT Heo priobwssi g fleed it arétncbdshﬂlons (Al to
A and uhe coordh el e vl ues. of - the pregeasing-Leed end 3o posiiions, (BL to

Bn) of the diVi diYec ion,

formed on thetsenm) C@ﬂdzlae:&p@f ﬂl@‘@}bo@@ dARd dihey cgﬁéslm anmadet@@ozodrim
processing-feed start positions (G to Cn) and the coordinate values of the

pr ocessi ng- fe%@%@l&hﬁébﬂﬂl%réﬂdofnoa@ﬁﬁfs%ﬁnqudl B ntP20 Hisnésrodhe _
extending in é{lt?rt u%%r8?'{‘?{ecf§{:§£e£91£8€fe8&%d@atﬁi phaedidisegiion, it

is preferred t ese eS|
to An) and the coordlnate values of the processing-feed end

15 positions (Bl to Bn) of the dividing lines 201 extending in
the predetermined direction, formed on the semiconductor
wafer 20 and the coordinate values of the processing-feed
start positions (Cl to Cn) and the coordinate values of the
processing-feed end positions (D1 to Dn) of the dividing

20 lines 201 extending in the direction perpendicular to the
predetermined direction, it is preferred that these design
values of the semiconductor wafer 20 should be in advance
stored in the read-only memory (ROM) 102 or the random access
memory (RAM) 103 to omit the above-described dividing line

25 detecting step.

Next comes a step of forming a deteriorated layer by
applying a pulse laser beam along the dividing lines 201
formed on the semiconductor wafer 20.

In the deteriorated layer forming step, the chuck table

30 36 is first moved to bring the topmost dividing line 201 in
Fig. 5(a) to a position right below the condenser 524 of the
laser beam application means 52. And, the coordinate value
(Al) of the processing-feed start position (see Fig. 5(a))
that is one end (left end in Fig. 7(a)) of the dividing line



val'ues of the sem conductor wafer 20 should be in advance stored in the
.read-only nenory (ROM 102 or the random access nenory (RAM 103 to omt
t he above-described dividing line 25 det%cting step. Next cones a step of
formng a deteriorated | ayer by applyi né a pul se | aser beam al ong the
dividing lines 201 formed on the sem conductor wafer 20. In the

deteriorated 2@yefs fRddH filord @Pridiie ek trabl eondh3orispdirsd smvad to
bring the topnost dividing line 201 in Fig. 5 (a) to a position right bel ow
t he condenseri’s24dof 7tae. |THxechbedntapht Béat Foat msansheBemympnaduetor

coordi nate val (A, of . the pr ssing-feed siart it (see Fi 5(a))
that is one gﬁ%&?fe én hﬁﬁ iagggsggg fegfg?héﬁ%ﬁ%ﬁ%ﬁ%&}éﬁhﬁ?é&fgﬁéh.is
posi tioned rimghtthelowdhecicandenser 7934, waslshewpulss Fager oéap of The
chuck table 36, that is, the sem conductor wafer 20 is then processing-fed
in the di Pectae}enyeateaPable the RATHWMXI tHFP IRy, TR e ¥c il se | aser

beam of a 5 wayel engt hocapahle af: RassingoL iy o4eh e nsepheanduct osa, vaf er

20 as the workpiece 1s applie denser e ot her end
(right end i mifedmy.t€ afhet hadi syidite emdalidifiad € Ved e (Bidt afst hehe
processi ng-feed end position of the dividing line 201 reaches the .

appl i cati on pRIEGORAaD Wlthe RbhdehsEre PP HSIHMETERRS BEARUPPTI At i on

nmeans 52, as ! i 7 | cati t 4 - beam
o BN d 1y FhOhg { e M‘Pgﬂé&é&hﬂ&@ ﬂypélBag{plltn%@%epA@ls@fon

i s suspended and the novenent of the tabl e at 1s,” the
sem conddét orofvdfher c20dessstroppécht thet hiser detagr Bppatied thapemefnsddhg st ep,

the focusing point P of the 1 ul se | aser beamis set to a positjon near
the front sur$sacsg"o%alr( ‘rgzj&f)a’ceSh%faR %aeqﬁ%n%cttkber T s a
result, a detysdrorad edidgyede@1bhd StIeXpRSRNX the fHondhusr{ A6 208,

(undersurface) of the sem conductor wafer 20 and formed fromthe front
surface 20a t'oval dis hethessefel compiucor deafey ottt $E3RReD10 Iins thgisnmed as a

mol ten and deteriorated layer forming step, the focusing point P of the

15 pulse laser beam is set to a position near the front surface
20a (undersurface) of the semiconductor wafer 20. As a
result, a deteriorated layer 210 1s exposed to the front
surface 20a (undersurface) of the semiconductor wafer 20 and
formed from the front surface 20a toward the inside. This

20 deteriorated layer 210 is formed as a molten and
re-solidified layer (that is, as a layer that has been once
molten and then re-solidified), and has reduced strength.

In the above deteriorated layer forming step, the
processing-feed rate of the chuck table 36, that is, the

25 semiconductor wafer 20, changes as shown in Fig. 8. Fig. 8
corresponds to Fig. 11, and the horizontal axis shows the
processing-feed amount of the chuck table and the vertical
axls shows the processing-feed rate of the chuck table. As
shown in Fig. 8, the processing-feed rate of the chuck table

30 is accelerated from the processing-feed start position (mO0)
and reaches a predetermined rate (V) at the first
processing-feed position (ml). After the chuck table then
moves at the predetermined feed rate (V) and reaches the

second processing-feed position (m2), its feed rate is



rersolidified layer (that is, as a |layer that has been once nolten and then
_re-solidified), and has reduced strength. In the above deteriorated |ayer
form ng step, the processing-feed rate of the chuck table 36, that is, the
25 sem conduct or wafer 20, changes as shéfn in Fig. 8 Fig. 8 corresponds to
Fig. 11, and the horizontal axis shows the processing-feed anount of the

chuck table apd-iheryeedi 884 paXbBeShOWS 4herps OSeSSd SWdfefes@tenf the
chuck table. As shown in Fig. 8, the processing-feed rate of the chuck

table 30 is aee®lerakedndl omitite puostsssintg-fassd agtoamt goom itde (n0) and
reaches a pre romned rat t the firs rocessing-feed position (m)
. After the cﬁgége%%b?% fﬁ%ﬁ gﬁ%ﬁgsp%ﬁth%npﬁ%%gt%Qn%%egg eed rate (V) and
reaches the pecosssphecesstngnd arskiposdrt | @3)( BRY feirssdbpeddtateohStRd

decel erated and becones nil at the processing-feed end position (nB) . The

processi ng- f e@HSbaRERE f¥om Ehe Copederatagrabess stk ttoodttioh t®) up to
the processnggéégggigggfggélﬁt{% kg)igﬂ'oﬂ?eﬁﬁ %Q%%dhﬂgrggrelé% @a?ﬁéé ances

fromthe coordi nate” vafues e processi ng- star
positions up {(Blthe Boprdf nahe yaboessifdPiféod Bed obod hel iocessting- f eed end

positions of the _dividing Iines 201 that are forned on the sem conductor

waf er 20 ande%tehdd il iSrespr CRRENGIRA T 8Bt Fivh SeRAGOPRNCEE T d¥Rt Shces

fromthe coorghnatg yatues { th0 SPAAOf cfRenRr QLASSE NG | ety stRkt
positions up to the coordinate values D1 to Dn) of the processing-feed end

posi ti ond Cof dhetamtesdingnl thescdidexaeadvaguén tOk W rectioh the
5 Br ocessi ngRTeRa STAPTEBS: TTHH PO b Fo PHe P FoORPGRELE KoL 1ERd
position (m) (b3 fbxed) regardéessooisihey-teagton@fpdber doys dbngchine as the
processing-feed rate is accelerated uniformy and the length fromthe
second proce8sVhgitgdd si2ilopxtaRiine th&hsr dtessihgnfleerpendicular
to the predetermineddirection. However, the length from the
15 processing-feed start position (m0) up to the first
processing-feed position (ml) is fixed regardless of the
length of the dividing line as the processing-feed rate 1is
accelerated uniformly and the length from the second
processing~feed position (m2) to the processing-feed end
20 position (m3) is fixed regardless of the length of the
dividing line as the processing-feed rate is decelerated
uniformly. Therefore, the area that changes according to the
length of the dividing line is the area of the length of from
the first processing-feed position (ml) up to the second
25 processing-feed position (m2).

As shown in Fig. 8, the processing speed between the
processing-feed start position (m0) and the first
processing-feed position (ml) between which the chuck table
moves with accelerated velocity and the processing speed

30 between the second processing-feed position (m2) and the
processing-feed end position (m3) between which the chuck
table moves at a decreasing velocity are lower than the
predetermined processing speed between the first

processing-feed position (ml) and the second processing-feed



20 position (nB) is fixed regardless of the length of the dividing Iine as
the processing-feed rate is decelerated uniformy. Therefore, the area that
“changes according to the length of the d|V|d|ng line is the area of the
length of from the first processing-feedlposition (m) up to the second 25
processi ng-feed position (nm2). As shown in Fig. 8, the processing speed

bet ween t he 196§£€§éh”9mi?ﬁ?§§&zé‘éﬁ RRSER | O (Al) clandag he Iwéé with

processi ng-feed position ( bet ween which the chuck table nobves with
accel erated vembtmrm*%ﬂkbaﬂuy|or6@eseﬁngesadedn3@mbeemeEmtuhe Seconency

pr ocessi ng- fee osifion and t he essin ed end 05|t|on (nB)

bet ween whi ch® Rfutk l%%%% Pl et %g%o%%%?% @? S ot §€EW%n wer than
the predet erm@@éls @i@g%’%é&gb%@eeenbe&m&§aﬁ§rébé§5m@t@eeasgb@gx{eeﬁ
position (m) and the Second processing-feed position (n2) between which

t he chuck5tab(1el)rmaﬂe<§ Wnehseemdopmwﬁemgyfeat&nav@meonmm xh‘ehﬁe epetition
frequency Puls Iaser bean1%s set. based on @ detfrn1 n
processi ng sp bet ?%%S?Fr% %?%c%%%?ﬁ ?%%do%%'$??o% %ﬁf%}yeahd t he
second processh&galhces @@@eleﬁ@tidiﬁg)mo*bélﬁenﬁp@ieﬁaém@ntlpw@@@epéréthﬁolh aser
beam becones excessive in the above accel erati on novenent area and the
decel er ati on N¢peReRAt2Bf@a. Then, in the first enbodi ment of the present

nvention, =10 eachyle.bhe Drocessiigsdeed ampule gt he chuelatable 36,

that is, the semc ctor wa ones a prede ernlne one
pul se of ltthe éasbﬁ:heanﬂmspappbsedng?ﬁabdlamouhe o diier chuekansbl8 Bécei ves

a pulse signal. that is the detection nal _of the read head 374b, of 't he
above feed anbift ‘det CBE; %‘?fnli%o?@%)%o%’f’ % %8C(ﬂﬁcr%?esr@éﬁrse prebtmedt he

'b nput pul ses @yluémad}% %fultsféeoeomé qras]eQAbe%ﬁd mepsbltl@d nurber Of pihses
ecomes, for exanple, an application signal i's output to the’'l aser
beam appl i cat tomt TeAME B, 1 Therefiores, a puice $hgtdk that is the detection
signal of the read head 374b of the above feed amount detection
15 means 374. The control means 10 counts the input pulses by
means of the counter 104, and when the number of pulses becomes,
for example, 10, an application signal is output to the laser
beam application means 52. Therefore, since in the
illustrated embodiment, the read head 374b outputs a
20 one-pulse signal each time the chuck table 36, that is, the
semiconductor wafer 20, moves 0.1 um, one pulse of the laser
beam is applied along the dividing line 201 of the
semiconductor wafer 20 each time the chuck table 36, that
is, the semiconductor wafer 20, is moved 1 um. As a result,
25 even in the acceleration movement area from the
processing-feed start position (m0) up to the first
processing-feed position (ml) and the deceleration area from
the second processing-feed position (m2) up to the
processing-feed end position (m3) where the processing-feed
30 rate of the chuck table 36, that is, the semiconductor wafer
20, i1s not constant, a pulse laser beam is applied along the
dividing line 201 of the semiconductor wafer 20 at regular
intervals, whereby uniform processing is carried out from

the processing-feed start position (m0) up to the



illustrated enbodi nent, the read head 374b outputs a 20 one-pul se signal
each tinme the chuck table 36, that is, the sem conductor wafer 20, nobves
0.1 m one pulse of the laser beamis applied along the dividing Iine 201
of the sem conductor wafer 20 each time2Zhe chuck table 36, that is, the
sem conductor wafer 20, is noved 1 m As a result, 25 even in the

accel eration V. ar fr . .pr.oc ing- oSj ti (nD) up
to the firstﬁq%%%%%%¥ﬁg-%ggégﬁ%gggﬁgﬁognﬁ%%&ﬁd %§§9%§%§$%%gti%% gﬁ%a from
the second preetess agehettopadid ipencerB) ngp fleed bearpresessi ag- freed wend

position (nB) where the processing-feed 30 rate of _the chuck table 36, that
is, the sem dondd& B ARESSLRIZGeeCs eRGt POSASERRL (M) pRresemessélepeam i s

appl i ed al Ongrr&gl%sssqm'ergkeg éﬁcﬁ'f%ﬁ@e,‘)fché?@. §§rHoCQR@‘A§EBrs¥‘@$E§ &0 3

regular int eby uniformprocessing Is carried out from the
processi ng- f edcickt aeblpostt i Oma i iy, tpet sehhecRAucppocesSend eed térid

position (nB) nsequently, as the .entire area fromthe praocessing-feed
start positi6i Gﬁbﬁgﬁﬁ' ﬁgﬁﬂﬂ§ﬂﬁﬁééé§§iﬁdmﬁeééne%& g@gFﬁﬁgﬁd(ﬁ@F &€ones t he
processing area ;3Rd Hence rdnee b Reduewal g streke of the 5 chuck table
36, that is, the sem conductor wafer 20 in this enbodi nent, the processing

time can be short ehadthrd, tWeenediitd palsppaeadnss tan sheseddas ahe mirgivee.
Further, when the pﬁlsg%pntgr 372 is used_ﬁéaaﬂe drive, sgurce f or, éhe above
processi ng- f €84 FEah’T 37°€ FPOVE RIS B I TEThEEPie’ Pr 6&esIPRGSFEEE amount
of the chock thakl en3b predelsacied Ry eawnhitng it ke cdchvekpilses ofs tilke
control neans 10 that outputs a drive signal to the pulse notor 372 so that

one pul se of defie@qtasePYbEaRNE3NApphEedr e Pl oS thk Lhir GoadgiaigMeedd anount
o s s CEbE g Bk DS AR SETCORESl ety 300 Dpaes
processing-f ea@d meAR® o7 the desiegnedano igDuppliedchkack tdblee the 0.1 m each
time processing-feed amount of the chuck table 36, that is, the
15 semiconductor wafer 20, becomes a predetermined value. That
is, in the illustrated embodiment, the processing-feed means
37 is designed to move the chuck table 36 0.1 um each time
one drive pulse is applied to thepulsemotor 372. Therefore,
the control means 10 outputs 1,000,000 drive pulses per
20 second to the pulse motor 372 when the predetermined
processing-feed rate (V) is 100 mm/sec. And, the control
means 10 counts the drive pulses ocutput to the pulse motor
372 bymeans of the counter 104 and sends an application signal
to the laser beam application means 52 when the number of
25 pulses reaches 10. Therefore, one pulse of the laser beam
is applied along the dividing line 201 of the semiconductor
wafer 20 each time the chuck table 36, that is, the
semiconductor wafer 20 is processing-fed 1 um.
The processing conditions in the above deteriorated
30 layer forming step are set as follows, for example.
Light source: LD excited Q switch Nd: YV0O4 laser
Wavelength: pulse laser having a wavelength of 1,064 nm

Energy: 3 (J/sec)

Focusing spot diameter: 1 um



one drive pulse is applied to the pul se notor 372. Therefore, the control
.means 10 outputs 1,000,000 drive pul ses per 20 second to the pul se notor 372
when the predetermned processing-feed rate (V) is 100 msec. And, the
control means 10 counts the drive pulses output to the pulse notor 372 by
means of the counter 104 and sends an application signal to the |aser beam
appl i cati on neairsces satrent fdwed mattzer 160 2 /e cs e tveachah el @i rEier ef ore, one

pul se of the | aser beam is applied along the dl%ldiﬂg | i pe 20% ﬁL th
seni conductor wafer 20 each time thePERGERSLRBr&CSE, PPRAtLPE, (B

sem conductor wafer 20 is processing-tgd lopBhaTBeoPEOSES L@gegonditions in
the above deteriorated 30 layer formng step are set as | ows, for
exanpl e. Light source: LD excited Q swpschlmn (MY04 | aser vavelength pul se

| aser haV|ng a wav 064 n1 Ener J/s Foc i ng spot
di ameter: °1 m 23 g‘#}becrg g?%f?%%%oq ?e Gt 1 efl rst
processi ng- fe&sb@@%ég@mw&i)d@mrléhﬁ@cp@@eﬁrp@ﬁﬁﬁr@gﬁ@@gssmli;@ on (ng)

5 When the sem conductor wafer 20 is thick, the above-describ
det eri or at ed Fayeked o?wut ngy precaksingef stimes rhedcrrg el thal 3bgvef tines

by changing t 0, t f f
deteriorated P %‘3%%@?(&5‘% thAés:éothfzod%Fyype ’Iflqt)l%g1f @4%%%05%% y 10
in the insidelawé¢houtlbei mheexipased ora tielkie 1hremt 2$0rfna§76‘b80ﬁor1&@d $hey back
surface 20b. The above deteriorated |ayer fornming step is carried out along
all the di%vi dihghe Aesigg1vibhasH b%ﬂ%@xp@s@@eter?ﬁ%é&%ﬂﬁr grtfafeotOt he

sem conduct or  yaf 2 h the,chuck table 36, that is, the

sem conduct or %gf§$e a?% g%ﬁ?%%% %t 900 to carry out the above- descri bed
deteriorated The above deteriorated layer forming step is carried

out along all the dividing lines 201 formed in the
predetermined direction of the semiconductor wafer 20. Then,
15 the chuck table 36, that is, the semiconductor wafer 20 is
turned at 90° to carry out the above-described deteriorated
layer forming step along dividing lines 201 extending in a
direction perpendicular to the above dividing lines 201 that
are formed in the predetermined direction of the
20 semiconductor wafer 20.
A description will be subsequently given of a second
embodiment of the present invention.
In the second embodiment, there is beforehand prepared
a frequency control map, for example, shown in Fig. 9 in which
25 the repetition frequency of apulse laser beam for each amount
of processing-feed is set based on the processing-feed rate
for the processing-feed amount from the processing-feed
start position up to the processing-feed end position of the
chuck table 36 by the processing-feed means 37 as shown in
30 Fig. 7. In Fig. 9, the horizontal axis shows the
processing-feed amount of the chuck table and the vertical
axlis shows the repetition frequency of the pulse laser beam
corresponding to each amount of processing-feed. In the

frequency control map shown in Fig. 9, the chuck table is



| ayer formng step along dividing lines 201 extending in a direction
perpendi cul ar to the above dividing lines 201 that are fornmed in the
predeterm ned direction of the 20 sem conductor wafer 20. A description wll
be subsequently given of a second enbodynment of the present invention. In

t he second enbodi nent, there is beforehand prepared a frequency control

map, for exanple, shown in Fig. 9 in which 25 the repetition frequency of a
pul se | aser myeeed ffgoretlch Hnmmprocepsingssierg- peeiitisnsetl bageto drhd he

processing-feed rate for the processi. fee nt fromthe
processi ng- f EeP™ tpaﬁcfcep%%JIIHOf? Rk L{n ¢ “gﬁgt)oeﬁ’ith position of

the chuck t@gkde 36Dy tded proacessidig- ém&bl@a@oﬂmaﬁsédﬂovahd 0 Fig. 7.
In Fig. 9, the horizontal axis shows t he pr ocessi ng- feed anount of the

chuck table wtm%rﬁﬁmencam & sm/strt%@m@]@tluatsam Heagyumfeieast the

pul se | ager 0 t a f S|ng ed. In the
frequency cog.t‘eaggl map S C%\A%dllyn tote Cfb[(ﬂ% cf1c<) )1Oe ;Sls 24T§1§Dved fromthe

first processiépwriteieth mxseqdmn(em )o:tUp:HeO plisse secend Hy0cesst nghrd eed
position (n2) at. a uniform processing-feed rate, for exanple, 100 mi sec,

and the repREFR R EIYUINSAYH) aied He Pulde IRFse e Hea s et & & hese
positions i o%eltt gﬁgkﬁg 4 Qi £33l e n}BrIBSsFEﬁge%é%ag%%%@9&?”&&1%5 of the

pul se Iaser eam ¥ ccel eration Vemen

processi ng- fasatl ﬁt@rdecqo]oaretnmn (mdjentn tt ardre Fronstthy aoesaidg- f eed

posi ti on (m and t he decel eration rmverrent area fromthe second 10
processi-A SO ] O §HPP S 108 (RE) PR dEs SPRPF @RS eHud~ pBset§h (nB)

are set as f Wien the unid ofdrl 3 aceel erated novement of the chuck
tabl e 36 froE?nAthe pr%ocesa ng-f eed starot position (nmd) up to the first

processi ng-f eed pd@uem che( mh) fosmleopreseheedtby m@va(nﬁnts@ﬁ thédectun orm
vel ocity nnveq%_ B%r%gbkhghe préceSSLng feed start position (m0) up to

the first processing-feed position (ml) 1s represented by

15 Af{mm/s®), the uniform velocity movement from the first
processing-feed position (ml) up to the second
processing-feed position (m2) is represented by V(mm/s), the
time required for movement from the processing-feed start
position (m0) up to the first processing-feed position (ml),

20 that is, the time required for the processing-feed rate of
the chuck table to reach V(mm/s) from O (mm/s) is represented
by t, and the repetition frequency of the pulse laser beam
in the uniform velocity movement area from the first
processing-feed position (ml) up to the second

25 processing~-feed position (m2) is represented by F(Hz), the
repetition frequency f(Hz) of the pulse laser beam in the
acceleration movement area from the processing-feed start
position (m0) up to the first processing-feed position (ml)
is obtained from the expression f(Hz) = (Fx A x t)/V. And,

30 when the uniformly decelerated movement from the second
processing-feed position (m2) up to the processing-feed end
position (m3) 1is represented by B(mm/s?), and the time
required for movement from the second processing-feed

position (m2) up to the processing-feed end position (m3),



processi ng-feed position (m) up to the second processing-feed position
.(n2) is represented by V (mis) , the tinme required for novenent fromthe
processi ng-feed start position (nD) up %S the first processing-feed
position (m), 20 that is, the tinme requifred for the processing-feed rate of
the chuck table to reach V (nm's) fromO (mis) is represented by t, and

the repetitiomdt elentye Qﬁnkhge@uh%%d|@é@rtH@aﬁ}ot@sébnguﬁééérﬁ&ﬂ@|&@ity
novenent area fromthe first processing-feed position ) up to the second

25 processi ngtiechuséstabon T(Chﬁ)eal@ Bé@mégérﬁm Ny(mlln(/ )15 n¢rresepetdtion

f f f t t
1 om Che pr ocokst ng et STATHEY polEeh oh (HEh b 10 1R g oo che e

processi ng- f efskgost 4 oon (Irtﬂ\)emérSt ehitca m@dmftnen sdeorR prass o fg{t&edd = (F x
Ax t) /V. And, 30 when the uni formy decel erated novenent fromthe second

pr ocessi ng- f RIP o | GR ) N & ERe t%%%@%l%@@éﬁml%@t (h (nB)
| s representeg, béfbt?a(ee $2ronghd fé‘ée515r??¢‘]'f}fze§d dorp r;pvgar;grgd yomthe

second processing- position ( to e processing-fe end position
(nmB), 25 that is, THee thiuve preguaresd fﬁ:@rqmelm@ypr:onessﬂngapeesl datentafol t he

chuck table to reach O (mms) fromV (mis) is represented by t, the
frequency f (HEIP ofC% h%eéﬁﬂ%% ?%%%?S%Je%‘?n%‘fzcﬂlhfelorbgde‘? TERTSH Thovdient area

from the second, proges %ﬂemzfyegﬁgﬁ ) POG? to'xoﬂhé@n&&nta((?:cte@% ﬁ%ﬂ%wmg eed

end position (nB) 1s obtaine romthe expression f / V.
The thusigr eph@bd)ff téguennygrodnneahsnkd. adhe controll mapnkol 0 sedrttngls

processi ng co itions .is sto ed in the d-only ne ( 102 or the
random access- SE( 16 HES o atdﬁélsg&ﬁ’tgr 5%‘3??@232%?09 TheS Fmt 7!
nmeans 10 contwéértﬁ&mwﬁiilméﬁwysmm@tﬂw s p2ap of the pul se
| aser beam oscill ation neans 522 of the |aser beam application nmeans 52

based on the dpRbuedciordRaD: TRPEsed thethbofeedaereyorarbrol ayap Ibrni ng

step. the above deteriorated layer forming step.

15 That is, in the above deteriorated layer forming step,
the control means 10 grasps the processing-feed amount of
the chuck table 36, that is, the semiconductor wafer 20 based
on a pulse signal that is the detection signal of the read
head 374b of the feed amount detection means 374 (or a drive

20 pulse signal when the drive source for the processing-feed
means 37 is the pulse motor 372 or a pulse signal froma rotary
encoder when the drive source for the processing-feed means
37 is a servo motor), as described above. The control means
10 controls the repetition frequency adjusting means 522b

25 ofthepulse laserbeamoscillationmeans 522 so as to generate
a pulse laser beam having a repetition frequency
corresponding to a speed accelerated at the uniformly
accelerated velocity shown in Fig. 9 while the chuck table
36, that is, the semiconductor wafer 20 moves from the

30 processing-feed start position (m0) up to the first
processing-feedposition (ml). When the chuck table 36, that
is, the semiconductor wafer 20 reaches the first
processing-feed position (ml), the control means 10 controls

the repetition fredquency adjusting means 522b of the pulse



15<That is, in the above deteriorated |layer form ng step, the control neans
10 grasps the processing-feed amount of the chuck table 36, that is, the

sem conductor wafer 20 based on a pulse signal that is the detection signal
of the read head 374b of the feed anpun£®detection means 374 (or a drive 20
pul se signal when the drive source for the processing-feed neans 37 is the

pul se nmotor 3yZs OF b A& Signal o LREA Fobaky 28NEQUgLruhep.the, driye
source for the processing-feed neans 37 is a servo notor) , as descri bed
above. The coliset brearisvilily eprastswatel erpehial bho kileqime by wdj istm ng

neans 522b 25 of the | se | aser beam osci.ll ation means 522 so_as.to
generate a pUf %c%%%gﬁjo‘b%%?ﬁ AR g‘}?l%p%ﬁt%%?ﬁr}? RIS P Eorte pondi ng to

a _speed aCCG'ﬁééﬁ@fb@t(mﬁf)‘euﬁlH!iofﬁﬁé%lécoﬁafp?ﬂc%@éseﬂqqf-ef% F%s&"d@% igpFig. 9
while the chuck table 36, that is, the sem conductor wafer 20 noves from

the 30 proceddien-fheedickttaposbd tion () up tthe eerficestduptocessiay- f eed

iti m Waen th huck table 36, that i the sem t f 20
eaches the 179 ASAHTLaoM ot au a1 TP 9S HE Rt of “ean®d0

controls thecdepedl kican sl 1 @QURRGH 1a0E HE trd}e tiBash $28Buehcihed A sen#6
| aser beam oscillation neans 522 so as to generate a pulse |aser beam

havi ng a presetaR@maddngtthtse R0bskHA§er ffamupistelAa tionoBEBRSIBY2NENt ar ea

fromthe firs C ing-fe it ( e

processi ng-f e%%%%s?%?%%%ﬂ?d%u%éenﬁ%% c%%%%?%\%ﬁeé %Gfsf%%?&?%y t he
sem conduct orcowfespordi igaches §heesetansl g Doessdho-Heath phsiiiwn (),
the control nmeans 10 controls the repetition frequency adjustin

522b of the PAGEIHRSY BEMHGSENPHE L brF ibafsiByse SIE S6UCH GBREPal® a
i e e T iy
36, that i s,ptdeesengoised toars Mafeer (2Q) noy e fthenptbeesstnpdfeed end
processing-fe§%g£¥fgéifﬁgfpﬂ) up to the processing-feed end
15 Thus, in the second embodiment of the present invention,
since the repetition frequency of the pulse laser beam is
controlled based on the frequency control map in which the
repetition frequency of the pulse laser beam for each amount
of processing-feed is set based on the processing-feed rate
20 for the processing-feed amount from the processing-feed
start position up to the processing-feed end position of the
chuck table 36, the pulse laser beam is applied to the
semiconductor wafer 20 along the dividing lines 201 at
regular intervals and hence, uniform processing is carried
25 out from the processing-feed start position up to the
processing-feed end position. Therefore, even in the second
embodiment, the area from the processing-feed start position
(m0) up to the processing-feed end position (m3) is the
processing area, and there is no invalid stroke of the chuck
30 table 36, that is, the semiconductor wafer 20, thereby making
it possible to shorten the processing time and reduce the
size of the whole apparatus.
In the above first and second embodiments, the number

of pulses of the pulse laser beam is controlled based on the



position (nmB). 15 Thus, in the second enbodi nent of the present invention,
since the repetition frequency of the pulse |aser beamis controlled based
*on the frequency control map in which the repetition frequency of the pul se
| aser beam for each anmount of processing/feed is set based on the
processing-feed rate 20 for the processing-feed amount fromthe

processing-feed start bos t sing-feed _end posi n

the chuck ta%?%c%%s”tl%e 1% q:Iagg t%ﬁeg‘ﬁlﬁ%% S-ed? ft‘olstﬁ SO ?ﬁ%lolﬁjg%’ctor
wafer 20 al ongowdee ) Vdcdmgcé *tﬂ%seﬁgi?t}tof negulban sient gs¥al Se anth HiENTeq

uni form processing is carried 25 out fromthe processing-feed start position

up to the prB@ésléIFh@ deviaree pbehd e dhHerdfs el isenf¢rneheos celmd
enbodi nment , %ﬁf£§§d£59¥]tﬁgfﬁéoﬁffféﬁﬁ f %_sa%rtgg SIHIO%h %@0) up to the
) ce

processing-fe poOSi §si'ng "ar'ea, and ‘théfe is no

invalid strokenef gy heowttick ot ablwh 36h ﬂk@tem&ggzhef s ooNTkie t D seaf er
20, thereby making it possible to shorten the processin tlne and reduce
the size of PERMwWHDI Elappar atREOCEFSine ot ¥R stb e enbodi nent s,

the number af, d%'é £&hn. 8 %Q& Ay %?Jégﬁ%eerp%égéﬁ 0@%&8'4{&@@%2%%& he 27

pr ocessi ng- feed ra & ¢huck rs-a o pOSSsI owever
make t he energyo@éss;mgﬁﬁése dtaser pbeatiappld ed tlmprunetssdingt—aeeel earhd)ng t he
di viding lines forned(yg sem conduct or wafer uniform That is, Fig.

t

10
shows an 5 enR?PYyttoh IthﬁhﬁhPﬁkaFEﬁet%% endr §y Jof 1Phethikerizetal peam
is set agpa PLRCESHNG €8BALLS 00 s DRged. 08 LfeiniPrecessidigidieedniat gndor the

processing-feed amount fromthe processing-feed start position up to the
processi ng- f edlte erak t posl taxors efhavwse tchrweklevfglyl ef3dhelpuFig. lagertihean

hori zontal 10 aX|s hows the processin nou f the chuck table and
the vert i ca S0 S ATORNIHE: e Pgp cor G BO°CE | A8erhBedir FErc ZAaRe hrount
of processingndgeshodn ther@nenay, ¢®Rt tBlick table moves from the first
processing-feed position (ml) up to the second
15 processing-feed position (m2) at a uniform velocity of, for
example, 100 mm/sec, and the energy (P) of the pulse laser
beam between these positions is set to 3 (J/sec), for example.
And, the energy of the pulse laser beam for the acceleration
movement area from the processing-feed start position (mO0)
20 up to the first processing-feed position (ml) and the
deceleration movement area from the second processing-feed
position (m2) up to the processing-feed end position (m3)
is set as follows.
When the uniformly accelerated movement of the chuck
25 table from the processing-feed start position (m0) up to the
first processing-feed position (ml) is represented by A
(mm/s?), the uniform velocity movement from the first
processing-feed position (ml) up to the second
processing-feed position (m2) is represented by V (mm/s),
30 the time required for movement from the processing-feed start
position (m0) up to the first processing-feed position (ml),
that is, the time required for the processing-feed rate of
the chuck table to reachV (mm/s) from 0 (mm/s) is represented

by £, and the energy of the pulse laser beam in the uniform



map shown in Fig. 10, the chuck table noves fromthe first processing-feed
position (mM) up to the second 15 processing-feed position (nR) at a uniform
velocity of, for exanple, 100 mi sec, aa? the energy (P) of the pul se | aser
beam between these positions is set to 3°(J/sec) , for exanple. And, the
energy of the pulse | aser beamfor the acceleration novenent area fromthe

processing-f eesl s¢ By mosdridon {rd) Lkbmiptio thesd igsdceyonesstagdf eed
position (m) and the deceleration novenent area fromthe second

processi ng- f 6P 1 tfen PRIGO GPer 2L EPRA Processimg iead Eﬁélféé§Pt (%) (nB)
s set as followe, e bheyh [ofoLy) acedl sﬁé%ﬁg)ﬁgg?ggeg P chhgehuek 25

table fromthe pr Si ng- star p05|t|on
processi ng- f ekalsgoshd¢amniy ntie i sccepreseidredudyerfent A sa ) frdrnetiai f or m

vel ocity vement fromt irst _processing feed 0Si t| on up to the
second p oce%%‘??\%sﬁlere%l'g%%ﬁgt?W? r@s-‘i%l?rep%%edﬂgdt% (éﬁﬁ%i} 30 the

time requi re%ﬁwe%\&%mf@eér@@wfmpr?\gﬂpﬁ%%geﬁﬂ@affomp@mtl on (m0) up

to the first processing-feed position , hat is, the time required for
the processi eppretsic @ 6§/sehe THOckAtall) V.o Aedehwhern hes)nffa@mDy (i s)

IS represent the ener of  the pul se | aser beam he uni form
25 | vel oo 1y SESeHETA TS TR H o e St T TR AT on () up
to the secondyds peessi ap f egsl ROStRd %&é@mﬂg‘s—f@&i eé@@t;e&hbm&(@x@ﬁc) :
t he ener% p (J/sec) of the pul se Iaser beam1n the accel erati on novenent

area fromdt hels mm@s@it@dﬂeﬁoﬁ stranf s Posiarico hentd)imep reguire d ifost

processi ng-f I ne f h e c) =
(Px Axt) %&ﬂv%gdﬁgv\ﬁ {%1 unl %ﬁ%y oceéc’:se][rplé fee%gry;g(gle%gin n{] ‘Eé
second procestsd ngref pﬁdcels(silntgl—@ée(df@}ldupoéﬂticblﬁ pdCcesag 1tseedhentdlm@si tion

(nmB) 10 is represented by B (nms2), and the tine required for novenent
fromthe seco%qwa%égmghﬁeaosemmenfeﬁé)r@be of the chuck table to

reach 0 (mm/s) from V (mm/s) is represented by t, the energy

15 p (J/sec) of the pulse laser beam in the deceleration movement
area from the second processing-feed position (m2) up to the
processing-feed end position (m3) 1s obtained from the
expression p (J/sec) = (P x B x t)/V.

The thus-prepared energy control map is stored in the

20 read-only memory (ROM) 102 or the random access memory (RAM)
103 of the control means 10. The control means 10 controls
the pulse laser beam oscillation means 522 of the laser beam
application means 52 based on the energy control map in the
above-described deteriorated layer forming step.

25 That is, in the above deteriorated layer forming step,
the control means 10 grasps the processing-feed amount of
the chuck table 36, that is, the semiconductor wafer 20 based
on a pulse signal that is the detection signal of the read
head 374b of the feed amount detection means 374 (or a drive

30 pulse signal when the drive source for the processing-feed
means 37 is the pulse motor 372 or a pulse signal from a rotary
encoder when the drive source for the processing-feed means
37 is a servo motor), as described above. The control means

10 controls the pulse laser beam oscillation means 522 so



to the processing-feed end position (nB), that is, the tinme required for
the processing-feed rate of the chuck table to reach O (m”Mmis) fromV (nmm's)
is represented by t, the energy 15 p (J/sec) of the pulse |laser beamin the
decel erati on novenent area fromthe second processing-feed position (n2) up
to the processing-feed end position (nB)2Ps obtained fromthe expression p
(J/sec) = (P x Bx t)/V. The thus-prepared energy control nmap is stored in

the 20 read- Y, (ngg or ndo S r 103 of
the control neangxggﬁ h%e con F%ﬁ'§%§ﬁ§ Oh%b%i%hﬁg%%t%ﬂn%%% é Iaser beam
oscillation neansd&spbrafindied asepdepncaipiatad et rf&e@ns;nizolmg@d on the
energy control map in the above-described deteriorated | ayer form ng step.

25 That is, irﬁqqﬁel%ﬁed H@tl@ﬂll&bfaﬁéawpa%rmf%r Fonghstepthé 1o e neans
10 grasps the 'Sb B%He asré'?zw&to ucttcﬂe\«% GK Stabl & 615%9@% S, the
0 bdse

sem conduct or mafe on a pul se signal that is h tection signa
of the reall headtERtinhgpifdde ftead qmnunnxﬂet )i ap mearthe3fr(isar a drive 30

pul se signal when the drive source. for e processin e a iis the
Ul s6 motor 3T At ] BRAE CPoi ol ARGT i LREE CIRG B dAAVe

source for the oroaasSida-dSebdRANSa RE 19 33RMUQ MOM); nsrds descri bed
above. The control nmeans 10 controls the pul se | aser beam oscill ati on neans

522 so 29 as nmqmﬁmﬁﬁq)pbsethasemlb)eawmmm@r@hnera@rsg;lo coortresipondi ng
to a speed ac era t the uniformn accel er at veIOC|t shown in Fig.
10 whi et ho Gt RCLaR ba588 DAoL L e CEaREEORALAA 5° Gty FOHAMS fFom
the 5 prog@ssw%neseéi At es tHaQﬂr{é!T%) g 4 thR gy 9if Proresdndf eed

position (m) en the chuck table 3 that is, the senlconductor waf er 20
reaches the fits urplrfdbrélsgiaigldleted NEORIMErdn (Iea) frome tdentiigistmeans 10

controls theé%%)iesgﬁ 2re bedalm Ssl(:,gllolnat mgp gl%?}lose%)% ss%c%%dto generate 10 a

pul se | aser aving a pre et energy
processing-feedposition (m2). And, whanthechucktable36,

that is, the semiconductor wafer 20 reaches the second

15 processing-feedposition (m2), the control means 10 controls
the pulse laser beam oscillation means 522 so as to generate
a pulse laser beam having an energy corresponding to a speed
decelerated at theuniformly decreased velocity shown in Fig.
10 while the chuck table 36, that is, the semiconductor wafer

20 20 moves from the second processing-feed position (m2) up
to the processing-feed end position (m3).

Thus, in the embodiment using the energy control map
shown in Fig. 10, as the energy of the pulse laser beam for
each amount of processing-feed 1is controlled based on the

25 processing-feed rate for the processing-feed amount from the
processing-feed start position up to the processing-feed end
position of the chuck table 36, the energy of the pulse laser
beam applied per unit distance along the dividing lines 201
of the semiconductor wafer 20 becomes uniform from the

30 processing-feed start position up to the processing-feed end
position. Therefore, in this embodiment, too, the area from
the processing~feed start position (m0) up to the
processing-feed end position (m3) becomes the processing

area and there is no invalid stroke of the chuck table 36,



the uniformvelocity novenment area fromthe first processing-feed position
(mM) up to the second processing-feed position (n2) . And, when the chuck
«table 36, that is, the sem conductor wafer 20 reaches the second 15
processi ng-feed position (n2), the controPYmeans 10 controls the pul se

| aser beam oscillation neans 522 so as to generate a pulse |aser beam
havi ng an ener 4 espandi Do, r ypj f.army
decreased vel o%?/atflols lown 1 ﬁé%?lg%&%é%%?ﬁdeat e%coﬁuziheetqa yetn%gfl%aocri s, the
sem conduct or wederb 20 t20 shovesnf tha piecseciang tineceassi ngdfieedtipos itdeon
(nm2) up to the processing-feed end position (nB). Thus, in the enbodi nent
usi ng the enerdly EohtWRlsedPPaiit®in Fig. 10, as the energy of the pul se

| aser beam for each anobunt of processing-feed is controlled based on the 25
processing-feed rate for the processing-feed amount fromthe

processi ng-feed start position up to the processing-feed end position of
the chuck table 36, the energy of the pulse |aser beam applied per unit

di stance along the dividing lines 201 of the sem conductor wafer 20 becones
uniformfromthe 30 processing-feed start position up to the processing-feed
end position. Therefore, in this enbodinment, too, the area from the
processi ng-feed start position (nD) up to the processing-feed end position
(nB) becones the processing area and there is no invalid stroke of the
chuck table 36, 30 that is, the sem conductor wafer 20, thereby making it
possi ble to shorten the processing tinme and reduce the size of the whole
apparatus. 31 What is clained is: 1. A |laser beam processi ng machi ne
conprising a chuck table for holding a workpiece, a | aser beam application
means for applying a pulse |laser beamto the workpiece held on the 5 chuck
tabl e, and a processing-feed neans for



processi ng-feeding the chuck table and the | aser beam application neans

relative to each other, wherein the nachine further conprises a feed anount
detection neans for detecting the processing-feed amount of the chuck 10
table and a control neans for controllinglthe | aser beam applicati on neans
based on a detection signal fromthe feed anmount detection neans; and the
control neans,outputs .an_appl.ication signal to the [|aser beam application
means for ea@ﬁalér ééetceltarjrfnﬁéﬁlfs processi ng-f eed anount based on a signal

fromthe feed anbupt 1adetregli@n pBRREsidg NalbASBE PEBARKREIGESS RGuERChI ne
conprising a chuck table for holding a workpi ece, a Iaser beam application

means 20 fortaggsl Hondddinise vaskrideanet basdre brenkaprLiecael dn aeanse
chuck table, ;and_a processing-feed nmeans_for processing-feedi t he . chuck
tabl e and thg%lra%%? Hé&%aéb%%%iﬁsc?ﬁ Br@%ﬂst‘?eh:ﬁW955<Pge8§cﬁeggh%l?,%})tehe
processi ng- f eadckeans 1Nt ld Rrddes Arecasddafaerd fiat e 25 of the chuck
table so as to accelerate it to reach a "predeterm ned processing-feed rate

in the cours®recepsdmar fendides diheg-dhawk dtadnlte posi ttihen Lasetro beal r st
pr edet er m ned t.o mai ntain the edet er m ned

) ing-feed
processi ng- f 3@5’815‘%‘ sl?tnnt eaerﬁsni]ﬁ‘ae r}\t}feq ¢4 575 Ottrtulgrdoﬁ&’;egeéﬁl of fromthe

first predeterm nedhpraseashBorh et AMYKMHr il s BOf de 8 aGfhth PrRAdiaimmed
processi ng-feed anmount, and to decelerate the processing-feed rate to nil

in the cours&eghns fpyndehectaranth redatessiinted gadenoyhigofelle aifvirit up to

a processi ng-feed en osjtion., at the time of 32..processing-feeding the
chuck t:%?e, t\/a\%greeiaﬁ1 Eae cr%lc)ﬁwﬁdr%e rq;e@rqsnettrorco tirsoésllg’gf gcglc? alr‘?t%uerﬁ %c?eatngcti on
means for detgeftliirgtiite peaeRsSbhBadf 68 A@WHLieh thenafuckomt aid efcrttd a
control neans for controlling the | aser beam5 application neans based on a

det ection si GHQUNL siatardifsedreans; and

the control means outputs an application signal to the
laser beam application means for each predetermined
15 processing-feed amount based on a signal from the feed amount

detection means.

2. A laser beam processing machine comprising a chuck
table for holding a workpiece, a laser beam application means
20 for applying a pulse laser beam to the workpiece held on the
chuck table, and a processing-feed means for
processing-feeding the chuck table and the laser beam
application means relative to each other, the
processing-feed means controlling the processing-feed rate
25 of the chuck table so as to accelerate it to reach a
predetermined processing-feed rate in the course of from a
processing-feed start position up to a first predetermined
processing-feed amount, to maintain the predetermined
processing~feed rate at the uniform velocity in the course
30 of from the first predetermined processing-feed amount up
to a second predetermined processing-feed amount, and to
decelerate the processing-feed rate to nil in the course of
from the second predetermined processing-feed amount up to

a processing-feed end position, at the time of



amount detection neans; and the control nmeans conprises a storage neans for
storing a control map for setting the processing condition of a |aser beam
based on the processing-feed rate for the 10 processing-feed anount fromthe
processi ng-feed start position up to the processing-feed end position of
the chuck table by the processing-feed3geans and out puts an application
signal of the processing condition set by the control map to the |aser beam

?rgglnlscat i on rrxzaoacnesssbl sgedfeoendfngm nealChuc mta]bsl t hewﬁeered anount detection

the machine further comprises a feed amount detection
means for detecting the processing-feed amount of the chuck
table and a control means for controlling the laser beam
5 application means based on a detection signal from the feed
amount detection means; and
the control means comprises a storage means for storing
a control map for setting the processing condition of a laser
beam based on the processing-feed rate for the
10 processing-feed amount from the processing-feed start
position up to the processing-feed end position of the chuck
table by the processing-feed means and outputs an application
signal of the processing condition set by the control map
to the laser beam application means based on a signal from

15 the feed amount detection means.





