1 LASER BEAM PROCESSI NG MACHI NE Field of the Invention The present
invention relates to a | aser beam 5 processing machine for forming a
plurality of via holes in a workpiece. Description of the Prior Art In the
prdducti on process of a semconductor device, 10 a plurality of areas are
sectioned by dividing lines called "streets" which are arranged in a

| attice pattern on the frontiéﬁﬁ Qﬁﬁﬂﬁf éﬁ#gg g?&& i sk-1ike

sem conductor wafer, and a eV|é£ suc %ﬁ?l o}&{ Hﬁ ]%rned in each of
the sectioned areas. Individual sem conductor chips are 15 manufactured by

cutting this sem copduct.qr fer along the streets to divide it into the
areas in mhichﬁgkgfgégﬁéggigﬁfﬁﬂgﬁﬂﬂbrned. As a neans of reducing the size
and increasing the muwerHferftUnGlivets ?f A ARRAMNY US,1AdPAHEAL structure
for 20 connecting the electrodes of a plurality of sem conductor chips

whi ch are sPackdPGgssing apaisine fgirsdogséagby ghupal2op3eiesadiors sin
nmodul ar StrUCt%{%#§%§Eé§JUCture in which via holes are forned at the
positions at whic e electrode is forned, in a sem conductor wafer and a
conductive material 25 such as alum num for connecting the electrodes is
buried in the via holes. The above via holes in the sem conductor wafer are
general |y form2fI8F1PHAD 10 118 Bk AHe dianeters of the via hol es
formed in the sem corquet@r ,W8hkeE+t3EE 4P0~L9s30P éﬂqggﬁhiggﬁfwi idlling
of the via holes reduces prggﬁctiv?ty.ﬁ % g%lveefﬁ% above pro ewgyﬁééi
present appPi canplucedpdyyoprapesesare Isasdi dneainbpr dtesding hineds rem Icagdbl e
of formng vig holes in a.workpiece such .as sem conduct or waf er
officiently as FBTRICVC BATBALE TR SRFSEAM Badth PrGoBSS RSN RREHHRRT
conprises a chugifat &1 & HPHaHt i 1MGF KRISCR1 1@ semiconductor wafer,

and a device such as IC or LSI is formed in each of the

sectioned areas. Individual semiconductor chips are
15 manufactured by cutting this semiconductor wafer along the
streets to divide it into the areas in which the device is
each formed.
As a means of reducing the size and increasing the
number of functions of an apparatus, a modular structure for
20 connecting the electrodes of a plurality of semiconductor
chips which are stacked up in layers is disclosed by JP-A
2003-163323. This modular structure is a structure in which
via holes are formed at the positions at which the electrode
is formed, in a semiconductor wafer and a conductive material
25 such as aluminum for connecting the electrodes is buried in
the via holes.
The above via holes in the semiconductor wafer are
generally formed by a drill. Therefore, the diameters of the
via holes formed in the semiconductor wafer are 100 to 300
30 umand hence, drilling of the via holes reduces productivity.
To solve the above problem, the present applicant
company proposes a laser beam processing machine capable of
forming via holes in a workpiece such as a semiconductor wafer

efficiently as JP-A 2006-247674. This laser beam processing



processi ng-feed anount detection neans for detecting the processing-feed
anount of the chuck table holding the workpiece relative to a | aser beam
application neans, a 5 nenory neans for storing the X and Y coordi nate
vatues of the via holes to be formed in tRe workpiece, and a control nmneans
for controlling the |aser beam applicati on neans based on the X and Y
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is so constituted to be applied.

15 To form a via hole in the workpiece, however, a pulse
laser beam must be applied to the same position a plurality
of times. When the above-mentioned laser beam processing
machine is used, the workpiece must be moved a plurality of
times, which is not always satisfactory in the terms of

20 productivity.

Further, it is desired that a plurality of grooves can
be formed in the workpiece by only moving it in the
processing-feeddirection without moving (indexing-feeding)
it in the indexing-feed direction (Y-axis direction)

25 perpendicular to the processing-feed direction (X-axis

direction).

Summary of the Invention

It is an object of the present invention to provide
30 a laser beam processing machine capable of forming via holes
in a workpiece such as a semiconductor wafer or the like
efficiently and forming a plurality of grooves by only moving

the workpiece in the processing-feed direction.

To attain the above object, according to the present



beam application neans for applying a | aser beamto the workpiece held on
the chuck table, a processing-feed neans 5 for noving the chuck table and
the | aser beam application neans relative _to each other in a
processing-feed direction (X-axis directi&n), and an i ndexi ng-feed neans
for noving the chuck table and the | aser beam application neans relative

to each other iimvemtiRégXtAEré eed ptokaekidos 166X beahb €641 0 hachine
perpendi cul ar to the processing-feed direction (X-axis direction), wherein
the | aser beamC&PPLiiCafidoR FE&EE dodra foF Aaleddg apyerKPRdEsn medis Flor

oscillating a r a fr QUSt QR4 I i Qﬁﬁ f

defl ecting thelb%%t%i éi%?) ;ﬂgag%%iosn ﬁeaﬁaser%ﬁjg%xlglsggﬁf Ilz;%tcgeédto[)by t 2&? a@éef beam
oscillation nmearkpircehiepdooastshagelieek hisbet 0 ro¢emdinigH freaet m@ans and
a second acpusto-optic deflection ans for deflectin t he opti.cal axis of
a | aser bea ogEF] f&@gb§ hE%Pé§gEa§§§nﬁfggg&ﬁl i % ﬁ§§ﬁ$aﬁﬁ%ﬂﬁ§tlon

i ndexing-feed gle2@G! FaNatYvaxts et dithee! kAN prite AHGUL fdd$Uirection
acousto-optic deflection nmeans conprises a first acousto-optic device for
defl ecting t he (Xopgiicaldiggics ioh)a ledsk @nbdavesddid-fgesd Mepnshd drageviveam

oscillation ne j 1,QC i,.nQ- i LoR . (X axls i.recti. , a
first RF Osci|?2§5r9¥%?%gﬁﬁﬁy?ﬁét%%f?%ggﬁgk%ﬁfékgléégﬁggéfgﬁg?%I&g&ﬁ%ﬁﬂénd a
first deflecti an @aghe catheustinn@Gn realesk ifngy- fadjdistiinrg:-tiilen f equeincy of RF
output fromthe first RF oscillator; and the above second acousto-optic

def | ect i on! freafd T86 tdORYr PSEPCR IR 40 kS o PERGES Sddide oA iderqte@n ng

the optical a&&ﬁa&ﬁsadf%%%ki%%ﬁm‘%H%ﬁéﬁ%ed by the | aser beam oscillation
means in the indexing-feed direction (Y-axis direction), a second RF

oscillator for applyithg REses beem sppdndaidonsmeanst icongenises, aandsesecond
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acousto-optic deflection means for deflecting the optical
15 axis of a laser beam oscillated by the laser beam oscillation
means in the processing-feed direction (X-axis direction),
and a second acousto-optic deflection means for deflecting
the optical axis of a laser beam oscillated by the laser beam
oscillation means in the indexing-~feed direction (Y-axis
20 direction).

The above first acousto-optic deflection means
comprises a first acousto-optic device for deflecting the
optical axis of a laser beam oscillated by the laser beam
oscillation means in the processing-feed direction (X-axis

25 direction), a first RFoscillator for applying RF to the first
acousto-optic device and a first deflection angle adjusting
means for adjusting the frequency of RF output from the first
RF oscillator; and

the above second acousto-optic deflection means

30 comprises a second acousto-optic device for deflecting the
optical axis of a laser beam oscillated by the laser beam
oscillation means in the indexing-feed direction (Y-axis
direction), a second RF oscillator for applying RF to the

second acousto-optic device, and a second deflection angle



The above first acousto-optic deflection means conprises a first output

adj usting neans for adjusting the 5 anplitude of RF output fromthe first
RF oscillator, and the above second acousto-optic defl ection neans conpri ses
a ‘second output adjusting rmeans for adj ustd ng the anplitude of RF out put
fromthe second RF oscillator. The | aser beam processi ng machi ne further

conprises 10 adiueedssi ReaheetbragByukrdayecid oncRns f Of rRiebeehibdrtdie
processi ng-feed anmount of the chuck table relative to the |aser beam
appl i cati on nedfs SEEANUSE MEFidd@t@¥unt detection neans for detecting

the indexing-feed ampuat ghyct ke Ghug oh%@didﬁ%fgi&gigégﬁﬁ&?lﬁgﬁﬂ beam

application neans, 15 a nenory neans for storing the coordi nate
val ues of an aceprticdseapfocessedtphitt aéjwst kpgaceanantba axbntstolngredres

for controlling the first usto-gptic deflection_nmeans,and_ the secqnd
rcousto- opt o ABPLEHsn O hakhe Hla Coh™ H® S EARE RV 2351 dF AGPE VR Ged e
stored in the RFRRY SRV G EAETIAE 20 Sidhalsh QM4 heomsecessi 09-f eed
anount detection nmeans and the indexing-feed anbunt detection neans. In the

| aser beam pr oGESOINGY OvEERTth @ ddEctrdich Fergs for mddsettinadet iagpligivudse t he
control neans I-0l he fd cQust Q- i c defleqtion neans based on a
detection si gn%%nggofo?%%\utetheﬁ%ﬁ)ggges#gé@élg #aﬁo%cﬁtllfgciderg’ti on neans to

defl ect the optical Tari $askrabkaseprbeamsing maahed by urthdrasemdrdaras
oscillation neans in the praocessing-feed direction (X-axis _di rectig([)ngh,e a
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chuck table is moving in the processing-feed direction, thereby naking it
possible to fdemeri deaol eppdfifdadiiem meansy tdre iredewirgeafe et cvessihg

mohi e 20001 1.8 L8 e MR LGN s st Sa
direction) by atll viahéRGdD1e setapdvacaishe-ndd € beakl £6pi 00ation means,
15 a memory means for storing the X and Y coordinate values of
an area to be processed of the workpiece, and a control means
for controlling the first acousto-optic deflection means and
the second acousto-optic deflection means based on the X and
Y coordinate values stored in the memory means and detection
20 signals from the processing-feed amount detection means and
the indexing-feed amount detection means.

In the laser beam processing machine according to the
present invention, since the control means controls the first
acousto-optic deflection means based on a detection signal

25 from the processing-feed amount detection means to deflect
the optical axis of a laser beam oscillated by the laser beam
oscillation means in the processing-feed direction (X-axis
direction), a plurality of pulses of the pulse laser beam
can be applied to a predetermined position even in a state

30 where the workpiece held on the chuck table is moving in the
processing-feed direction, thereby making it possible to
form via holes efficiently.

In the laser beam processing machine according to the

present invention, since the optical axis of a pulse laser



means of the |aser beam application nmeans to apply the pulse |aser beamto
the workpiece, a plurality of grooves can be 5 forned in the workpiece or

t wQ- di mensi onal (2-D) processing can be made on the workpiece in the X-axis
direction and the Y-axis direction by only5 nmovi ng the workpiece in the
processing-feed direction without noving it in the indexing direction. 10
Brief Descriptiganofid ks e d0SiiFitthe U e :8i Ier SREELA VL ¥t 8¥H Of yaakager
beam processi ng., machi ne constituted according to the present invention;

Fig. 2 is a bl sEeStdgranbBRct ivaddmbehmsassntacroatesortasdprratdeanin

t he | aser beam [ ' 0 [ k - Fl I view of
a sem conductoﬁﬁg}%gﬁ%agg%%%{%iegge%ﬁﬁ%& h|8]ts1 Ir’zstf"éap)rzl’;ér %Oaﬁpyiﬁg‘%ggldl% an
view of the 20 as=m berducbothwalverkplewrn,ia FlgraBit¥yigf drosvas pesspecti ve
view show ng a state where the . senm conductor . wafer shown_ in Fig. 3 is

A fixed to 8 protaid vE CRa s R on n GHARRALORPANE2 - B FTUFTS the
expl anatory di araBeShoMe th e %er&peedbnat ahd R-axslsaberebenent 884 the

sem conductor wafer shown in Fig. 3 is held at a predeterm ned position of

the chuck tablYeasfls e Hesarorhdum Prat 6 iy rideh wer lahioewe i R FElge 1; Fi gs.
7 d 7(b anat iy ' driilJ i ! ing th
et “beam pr olsOsio sk SUFECTTRSIERhRT: ARG S LR0E bRy | 0°

enl arged expl ardtrarat idiragr ans  showi ng the details of the drilling step
shown in Fi 85. 7 (a) and 7(b); Figs. 9(a) and 9(b) are explanatory di agrans
showi ng 6 1¥he drilling step which is carried out wwth the | aser beam

processi ng machHNe s ibthidh Jdf 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 of a laser beam application
15 means provided in the laser beam processing machine shown
in Fig. 1;

Fig. 3 is a plan view of a semiconductor wafer as a
workpiece;

Fig. 4 is a partially enlarged plan view of the

20 semiconductor wafer shown in Fig. 3;

Fig. 5 is a perspective view showing a state where the
semiconductor wafer shown in Fig. 3 is affixed to a protective
tape mounted on an annular frame;

Fig. 6 is an explanatory diagram showing the

25 coordinates in a state where the semiconductor wafer shown
in Fig. 3 is held at a predetermined position of the chuck
table of the laser beam processing machine shown in Fig. 1;
Figs. 7(a) and 7 (b) are explanatory diagrams showing
the drilling step using the laser beam processing machine
30 shown in Fig. 1:
Figs. 8(a) and 8(b) are enlarged explanatory diagrams
_ showing the details of the drilling step shown in Figs. 7(a)
and 7(b) ;

Figs. 9(a) and 9(b) are explanatory diagrams showing



Figs. 10(a) and 10(b) are explanatory diagrans showi ng another exanple of
the | aser processing nethod which is 5 carried out by using the |aser beam
processing machine shown in Fig. 1; and Figs. 11(a) and 11(b) are
expl anatory di agrans showi ng still another® exanple of the |aser processing
met hod which is carried out by using the | aser beam processing nachine 10
shown in Fig. theDetailliethqDesep phien of therPeef&ns agh Gbadh et s Adaser
beam processi ng machi ne constituted according to the present invention wll
be described i RIRSES Sdérchimachinenahawiuriderfid + i r ef erence to the
acconpanyi ng draw ngs.- & g i I i i :
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2, a chuck %abl e _nechani %%\Zg far nghd:afag a 20 vvorkgi ece, which i|s rr%unt ed on
the stationary “Gase s PH RS 1A %hRferTIHatLS™ RARCRDTEIFgchine shown
processi ng- f eed rdigfi@Ct i10n aridhdi cat ed by an arrow X (X-axis direction), a
| aser beam application unit support nmechanism4 nounted on the stationary
base 2 in such a manHégst-hht (2} agshl inbbe ane ga¥plaBatpdexdhggfard sdiawidid on
i ndi cated by a 11,0 - axl Lrection) i cu t.he di rect,on
i ndi cated by t %etalz%r \rgg\ét&g(rxégépgqgi rggctl?%n])&,eélgﬁ%déaéﬁga%?é gréeagnb%%ﬁ{}}lcéa%i on
unit 5 nount ed soratrrd doasert byamsapp ithat 1@’ eunibe a%l pR@de s STRGhatd dirde i N
such a manner that it, can nove in a direction 30 indicated by an arrow Z
(Z-axis dit@ctiSHF'™ e fdifoved ‘chuck tabl e mechani sm 3 conprises a pair of
guide rails 31 and 31 which are nounted on the stationary base 2 and
arranged parallel to each other in the processing-feed direction indicated
by the arrow XDekaddies! Desdinigdtiicon)of dHed Bete fedrimtich Enfdatime?t srount ed on
the guide rails 31 ﬁl{’lga3l iLn %Jch a_nanner it can nove
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to the present invention will be described in more detail

15 hereinunder with reference to the accompanying drawings.
Fig. 1 is a perspective view of a laser beam processing
machine constituted according to the present invention. The
laser beam processing machine shown in Fig. 1 comprises a
stationary base 2, a chuck table mechanism 3 for holding a
20 workpiece, which is mounted on the stationary base 2 in such
a manner that it can move in a processing-feed direction
indicated by an arrow X (X-axis direction), a laser beam
application unit support mechanism 4 mounted on the
stationary base 2 in such a manner that it can move in an
25 indexing-feed direction indicated by an arrow Y (Y-axis
direction) perpendicular to the direction indicated by the
arrow X (X-axis direction), 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
30 indicated by an arrow Z (Z-axis direction).
The above chuck table mechanism 3 comprises a pair of
guide rails 31 and 31 which are mounted on the stationary
base 2 and arranged parallel to each other in the

processing-feed direction indicated by the arrow X (X-axis



direction), a second sliding block 33 nmounted on the first 5 sliding block
32 in'such a manner that it can nove in the indexing-feed direction
indicated by the arrow Y (Y-axis direction), a cover table 35 supported on
thé second sliding block 33 by a cylindrical nenber 34, and a chuck table
36 as a workpiece holding nmeans. This chuck table 36 conprises 10 an

adsor ption chuek &k imade of £ e GUS dErldck a3 buwskphrecehe f@iide
exanpl e, a disk-like sem conductor wafer is held on the adsorption chuck
361 by a sucti ditindants g 3k ithotudhawitamRr cHiirk tfapfad 3BO¥ensti Eiked as

descri bed abov ' t f; 0 ' 4 ed, i e 15
cylindrical ne§ﬁ§¥§§§9' _ggﬁﬁﬁéﬁlgggﬁgngghgéC%?g%%ggd%a%t%9§%?éﬁpg<§%§£$or

fixi ng an annuldirreatarem whiacls egionld e idésgrbbedk BatmounThe amovize ffisst
sliding blogk 32 .has i t.s nder sur.face, a pair_aqf .t.o-be-quided grooves
321%and 3215t 0 0TS AHAE 15 The Wbs RISl de i SRS gl 1 and,
on the top surfiaeRxihgpddeDidigtdde drai irfdidZAk e db B22hd i resly paratbgisto

each other in the indexing-feed direction indicated b¥ the arrow Y (Y-axis
direction). ThéihaHlong| i @i FRYVET dAP 132 3ectieRPeited gk theseeroed ¢an

nove 25 al ong t i ui T aj s 1nﬁﬂ% int Q$ﬁ§ I Ng-

direction indi (%%e bBry3 t egiar ov%r@rl&agxi S |e%écjt4|n’on%}%%5‘{ I t% %I%Jﬁ%d%

t 0- be- gui ded grazouesoBRdi anel AW itrgy mbenpai rTlefs uide tabilles3 8l e s
respectively. The chuck table C ism3 in the illustrated enrbodi nent
Conpr 1 ses 430 P GG Fe i ant b7 ads Tovt R THE 1550 51 ) HadbF ock
32 along the pajdrigfi<td, dgrakkamdlieand JilskN1ike sdhDESSEGhEEoF et &l regt i on
indicated by the arrow X (X-axis _dlrectlog;. The processing-feed neans 37
has a mal e scréwld 6@ 8he apserprtsonrehinged Peteansuatiaboveapai that i de

0o b3 o e B et LR B0 At RN ER DB gl
is, at its one iendotraiteat abl ya s tnestor (not shown) installed in the

15 cylindrical member 34. The chuck table 36 is provided with
clamps 362 for fixing an annular frame which will be described
later.

The above first sliding block 32 has, on its

undersurface, a pair of to-be-guided grooves 321 and 321 to

20 be fitted to the above pair of guide rails 31 and 31 and,
on the top surface, a pair of guide rails 322 and 322 formed
parallel to each other in the indexing-feed direction
indicated by the arrow Y (Y-axis direction). The first
sliding block 32 constituted as described above can move

25 along the pair of guide rails 31 and 31 in the processing-feed
direction indicated by the arrow X (X-axis direction) by
fitting the to-be-guided grooves 321 and 321 to the pair of
guide rails 31 and 31, respectively. The chuck table
mechanism 3 in the illustrated embodiment comprises a

30 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 (X-axis
direction). The processing-feed means 37 has a male screw

rod 371 which is arranged between the above pair of guide



to a bearing block 373 fixed on the above stationary base 5 2 and is, at the
ot her ‘end, transm ssion-coupled to the output shaft of the above pul se
notor 372. The nmale screw rod 371 is screwed into a threaded through-hole
formed in a female screw bl ock (not shovvr% projecting fromthe undersurface
of the center portion of the first sliding block 32. Therefore, 10 by

driving the nmalsg13crRaWahad387datall Be DOFBInH 2@ BOAr9Fe E8MEESEsEEK €L | on
with the pulse notor 372, the first sliding block 32 is noved along the
guide rails 3B BHYSSIMPROF he/2 gogcbstpAy-feddinpricee Mg seireat eadby’t he

arrow X (X-axi Lkecti The | . «he rocessi ' ' e
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processi ng:feed anount detectjon neaps, 374 is conposed._of a |near_ scale
8742 arr anged aPBilg THBC LISt REFISTEh STBAALAST 8R0CHURACS 4D RAIGHE L
nmounted on theHdfslorskhdi BBovBl 9eKs8nduslk MPMes ahenglafBeskiBRarogcal e 374a
together with the first sliding block 32. The read head 374b of this

processi ng- f edd @rF@wedddnést rohhreadsdvargupptheseohernpdl o aifpmdle or
every 1.0 m Q.8 GoRhrol TERDS whieh Wllo 38 be deseribed Later bacthe
di e “control ‘means detects

. C
i | lustrated enbodinent. C € processing-fee

amount of the ttliekntealpert3torby feohmifing tt dei dpg b lpdkse2 si dgredse £Men t he
pul se notor 372 is used as a drive source for the above fropessing-feed
nmeans 37, 1Phe b@’r @é%é@i%-@@ed‘a&ﬁoﬁﬁtre&f I'PRe37301R kO FBHE ed BB CakOBeC T

detected by CQURdNGE HASEEHYR PLSeRe Sh13ORGUN 89, MBANS i eLRlLIiding

described) for outputting a drive signal to the pul se notor 372. en” a
servo notor i $lemsd 3dasis eord vel gourttees fotidderabbye3pravsdssingnf ekd neans

37, a pulse signal_ outputted from.a rotary encoder r detectjng, 9 1he
revol uti on of RME<H _r‘r"it) eo($ C{Jsresci]:plpqr} e Sattﬁéjdgé’n{;ESI SLEQW S %f aters
descri bed) whigihrddtta)n, counts the input pulse signals to detect the

processi n%-feed amount of the chuck . . . _
5 The laser beam processing machine in the illustrated

embodiment has a processing-feed amount detection means 374
for detecting the processing-feed amount of the above chuck
table 36. The processing-feed amount detection means 374 is
composed of a linear scale 374a arranged along the guide rail
20 31 and a read head 374b which is mounted on the first sliding
block 32 and moves along the linear scale 374a together with
the first sliding block 32. The read head 374b of this
processing-feed amount detection means 374 supplies one
pulse signal for every 1.0 um to a control means which will
25 Dbe described later in the illustrated embodiment. The
control means detects the processing-feed amount of the chuck
table 36 by counting the input pulse signals. When the pulse
motor 372 is used as a drive source for the above
processing-feed means 37, the processing-feed amount of the
30 chuck table 36 can be detected by counting the drive pulses
of the control means (later described) 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 outputted from a rotary encoder for detecting



table 36. 5 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 on the top surface of the above first sliding block 32
and can nove in the indexing-feed directi&n indicated by the arrow Y
(Y-axis 10 direction) when the to-be-guided grooves 331 and 331 are fitted

to the pair of .gui deve it $o322r 3 §%¥vor1§§hﬁ@ftii§’]§h¥>pli£@et8h&l%< dAR& 1

mechanism 3 in the illustrated enbodi nent as a first indexing-feed neans
38 for noving meensecbater slgsimigodioehid3d in tuen icedextisnghtebupwt maction
i ndi cated 15 by . rc.Qw Y- axi iLrection) al on he pai r- Qf  _gui.de
rails 322 and %i%gg‘rlgvirtgeggg%ctthé i g)srf%é%lsisgﬁﬁg%ﬁleggl? il.rR ‘Pnfe%fhle?scthu(:k

i ndexi ng-feed madle 3%.conprises a male screw rod 381 which is arranged

bet ween the above pair of guide rails 322 and_322 parallel to themand a
drive source such asT&e28PBURs&REREr S339116r PLOCk P3dMad n®™t HeESmal e screw

rod 381. The ke, Serewckada38dil s e Al QRN oLoLal 3Bl Vasupper tied  to

a bearing block 383 fixed on the top sur above I rst i ng
bl ock 32 and i be &ttthd bohehe gradir tafansiidssirendlcodpkednto32 heormuthrutt cghaf t

of the above pul s 25 or 382. The | e .sgrew, rod,3 is.,screwed into a
Chreaded t hr DR IASReoFor e as, 1ol & SehaW BROCK (horierimmyove 1
proj ecting fromnehenaedenguréagalitfedtiortentecapeat bl arkbe BayoRkis
sliding block 33. Therefore, by driving the male screwrod 381 in a norma

direction ¥ r&d&eséEion exticsn thiet K3 aiglislad @nastvsrs 3B ave T oner
sliding block I I h I .rad 3 ajyh, 3 I

i ndexi ng-f eed %gfﬁggg?%ﬁgF% ﬁ§§?8§ i@ﬂ%%g%gﬁg%éée'%€an|§ %%Fggfﬁgﬁf})%he
| aser beam proGeesichgcikathbie mechheiiskd Bstinatead iéthedireteld lkadodiarst

i ndexi ng-feed anmount detection nmeans. 10, 384 faqr detecting the indexing-feed
amount of the g‘ﬁévé‘ f&éégnd‘ngﬁxdinﬁg'flﬁe&lg‘e@ﬁs B £ F‘E’tvﬁgr}ﬂjet%%giq

amount  det ect 5QRARNS 1384 33 GaMRA%Edn@bxAnyledu SG2ketIBhAindicated

15 by the arrow Y (Y-axis direction) along the pair of guide

rails 322 and 322 provided on the first sliding block 32.

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

381 which is arranged between the above pair of guide rails

322 and 322 parallel to them and a drive source such as a

20 pulse motor 382 for rotary-driving the male screw rod 381.

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

to a bearing block 383 fixed on the top surface of the above

first sliding block 32 and is, at the other end,

transmission—-coupled to the output shaft of the above pulse

25 motor 382. The male screw rod 381 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 second sliding block 33. Therefore, by driving the male

screw rod 381 in a normal direction or reverse direction with

30 the pulse motor 382, the second sliding block 33 is moved
along the guide rails 322 and 322 in the indexing-feed
direction indicated by the arrow Y (Y-axis direction).

The laser beam processing machine in the illustrated

embodiment has a first indexing-feed amount detection means



arranged along the guide rail 322 and a read head 384b which 5 is nounted on
the second sliding block 33 and noves along the |linear scal e 384a together
with the second sliding block 33. The read head 384b of the indexing-feed
ambunt detection neans 384 supplies one ph?se signal for every 1 mto the
control neans (later described) in the illustrated 10 enbodi nent. The
control means Glsat ebrdestdadly deleand:e g daxifgnined anuntadv4 he
chuck table 36 by counting the input pul se signals. Wen the pul se notor
382 is used asSg&coad vdisdmadliank t3e abbie first indexing-ffeed mmovni3s,
t he i ndexing- nt_.af t chuc I n ecte

counting the dfp'f%\?gcggllagegne%fnst %4;01[{1% ?ga%gr?g%(fgat (—::-Llr:i%e gsc%%%]g%)]é%‘gérl

out putting a deirvensgiegnalohqg tiwe quildee ranfloB22 382d A\headahsad Vvas 4mtudii dls
used as the_dri.ve source for the above first indexing-feed neans 38, a

pul se signat odtpBLHBEed PEm SEGCRAy Sdr€ddsr PLOCkd e S FE Pt Ut i on
of the 20 servaenDiREatSEAIRPIBIsAG L8ghbEe £ UWH TP HEREBEchH A B 4 fes PliRad)
which in turn counts the input pulse Signals to detect the indexing-feed
amount of the éRuckThaleadbeadPfdlabbvied avdexbaamiapgl dmethbladsiat isuppor t
mechani sm 4 conprise 82 pair .of gui de r%%Is 41 and 41 nounted on the 25
stationary basB€38nd84r FEREIdSSaPRe BUISE sddnadt Fer S te 1 MR S eed
direction indi cahedoly mche sar(lewe¥t (ésdibed]i Hectdhan)i lands wramabl e support
base 42 nounted on then%uide rails 41 and 41 in such a manner that it can

nove in thkd dEFREeEiBsNtndi EBE&PHr @ hBeareowateTHRS Crdbarl) edetppbs ttiao
base 42 consi st; : I o] t L,on the
guide rails 41H§€%&i%gg%§%§ %géﬁgﬁnékpggéi%ﬁucﬁgéa%%%ﬁgggngn tﬁgﬁggﬁarfg
support portionngi. pTheensiighahg. ptrden dhad@liss poderddd2wis hisegas aof
guide rails 423 and 423 extendin arallel to each other jn the direction
O ndicated: B eReSarT ot 2 2 AN BORE AT oy ot 1946 1o d Peanf) S Herne
| aser beam appling@iiiag-y¥Ricd SHRRALt offEERaNtsIkk 4rdbl é hes iddiiYd Aed@cted

enbodi nent_has a second i ndexi ng-feed
15 Dby counting the drive pulses of the control means (later

described) for outputting a drive signal to the pulse motor
382. When a servo motor is used as the drive source for the
above first indexing-feed means 38, a pulse signal outputted
from the rotary encoder for detecting the revolution of the
20 servo motor is supplied to the control means (later
described) which in turn counts the input pulse signals to
detect the indexing-feed amount of the chuck table 36.
The above laser beam application unit support mechanism
4 comprises a pair of guide rails 41 and 41 mounted on the
25 stationary base 2 and arranged parallel to each other in the
indexing-feed direction indicated by the arrow Y (Y-axis
direction) and 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
30 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 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



means 43 for noving the novabl e support base 42 along the 5 pair of guide
rails 41 and 41 in the indexing-feed direction indicated by the arrow Y
(Y-axis direction). This second indexing-feed neans 43 conprises a nale
scfrew rod 431 arranged between the above ]p]ai r of guide rails 41 and 41
parallel to each other and a drive source such as a pulse 10 notor 432 for

rotary-drivingihde il 56 eWer @drédl z Te afalse dis@@Wdn9d d3bres o@titd S
one end, rotatably supported to a bearing block (not shown) fixed on the
above stationafyab¥se BPhankrser Rgam mrrtiratian unitasswessitomesdhasliad t o

the output shaft,o sgln][?@ The od 431 45 is
screwed into a t%?eg%%ﬁﬂ?%gﬁ?ﬁgl e oé%%#?ﬁiaas %er?a é)%dzglri@%xrbll%g‘ck (ﬁ%t
shown) proj ect megnfr dd fhe nondenguthaceovfbbleheuppotrer baere 14@n adfortcheche

novabl e support portion 421 cqnstituting the novable support base 42.
Therefore, by p&llirv?hggu[ métte 5s e%'l‘%loqg 3B1the 1 JT%F‘%?""T%@HF&? n

reverse 20 direedientedt Byt RecPUlS@WIEt Qiy-433,s die-dmvial e, sUPRer sy 42
is noved along the guide rails 41 and 41 in the indexing-feed direction

i ndi cat ed by t hadgxiog-Yeed meiags did eemipar)s.esThe Madsers Getnm grdceski ng
machine in the_ill ra odi t rises..a, . second i ndexjng;feed
anount detecti gﬁranétgﬁskggge%gr% et %(?{as}r%gpt%%e@ionfzg%lﬁage- 1‘3:eace%L Sarréglgn &(;f‘u;he
novabl e suppor palrageed?tof chbht ahbee bases dedreapplircat istich Wi ta Pulpe t
mechani sm 4. This second i ndexi ng-feed amunt detection neans 433 conpri ses

a linear st@l e™38% 414 SRGEP BF Wr ot tHE LHGITR ¢ SFF W E Q4 34 -1 eBC HEd® 433D
whi ch is mount ed eqn bhesgovabl e, sUppord, base: 42 At NS Ang: dhe d inear

scal e 433a. The read head 433b of this second indexing-feed” "anount
det ecti on neanbe433nguppdtlsirore spoivee Eigadlorf che abery dtat tenathe bes r ol
means (| at er-pl«%scr' bed)_.in,the .12 illustrated enbodi nen ontrol .means

| .
Gotocts the iAot Rg: 1ePRTNT SR he 1500t S TRdm SoI T edt oA Bat by
counting the iBp4tftpolEsensi e s pihen ridierpuldse Mhérmale screw rod 431

15 1is screwed into a threaded through-hole formed in a female
screw block (not shown) projecting from the undersurface of
the center portion of the movable support portion 421
constituting the movable support base 42. Therefore, by
drivingthemale screwrod 431 inanormal direction or reverse
20 direction with the pulse motor 432, the movable support base
42 is moved along the guide rails 41 and 41 in the
indexing-feed direction indicated by the arrow Y (Y-axis
direction).
The laser beam processing machine in the illustrated
25 embodiment comprises a second indexing-feed amount detection
means 433 for detecting the indexing-feed amount of the
movable support base 42 of the above laser beam application
unit support mechanism 4. This second indexing-feed amount
detection means 433 comprises a linear scale 433a arranged
30 along the guide rail 41 and a read head 433b which is mounted
on the movable support base 42 and moves along the linear
scale 433a. The read head 433b of this second indexing-feed

amount detection means 433 supplies one pulse signal for

every 1 um to the control means (later-described) in the



432 is used as a drive source for the above second 5 indexing-feed nmeans 43,
t he i ndexi ng-feed anmount of the |aser beamapplication unit 5 can be
detected by counting the drive pulses of the control neans (later
described) for outputting a drive signal 18 the pulse notor 432. Wen a
servo notor is used as the drive source for the above second indexing-feed

10 means 43, aipuhse reit@plenpdnuidred f ram thath-eliamnta8RCdel ctHoriet ecting
the revolution of the servo notor is supplied to the control nmeans (later

descri bed), whilglexdndnfieeco@mosint: o jthsutl aeeIrs &esing m@es ta@ tdietredin itthed

i ndexi ng feed- t I b ppik | Lon | T
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51. The uni hol der, 51 has a pair _of to-be-guided grooves 511 and 511 to
be slidabl yéfi LOEE R0 @eﬂali‘?g%? 4&uiﬁ%erl£’iqeg<lmf§ﬁdi aBRUBH Gt bR dSF T t he

above nounti ng et 48P1 #e2+ 88A 1irSi t5 8PP 1RAdet B 8HE DA BRARGM ot FRE drliwan
nove in the direction indicated by the arrow Z (Z-aXis direction) by

fitting the toPhdsgs dédheropteslondannd 15ten desheihbdvel quictd ruditisnan23
AN a3 ESPEeUN Gy 5380 TNE o) BRET HROBM ARELECAL OO il 2 JILIIR,

illustrated e i men as a novi ng neans novi ng e Sini t hﬁ%ﬁﬁ 51

al ong the pair icfugedde thé lds 1423 antlcdZd i thé e odier €€t bR indediicai-etkday t he

arrow Z (Z-axis direction). The nnving_ means 53 conprises a nmale screw rod
i

(not shown)? ar F&RGEd 430 BebPWedh ¢ heEphi FUBRUGLPAT TR | U XD et £7FSRF a
drive source Sf‘é@d@%e@t@i‘l?sghwé)& PR 0T £ @har ¥ég{rbvﬂ1c9?o£gll% rgﬂtp%lsiq—:rcfw

rod. By driving the nale s rem/rod(%not shown) in a nornma rectiron or
reverse directitonthetdonte bulesasndl ateb3Pesehicbedini whialhdén Sdrmnm uriss

8387, Deam S0Pl CoLL o TERTS, OZ, 8 A% o TRVES: R0 LI U5 Lol 3 L33, and
illustrated enmpadithentlasldie JeaseagpadMa0R)d qatiitors means 52

15 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
be slidably fitted to the pair of guide rails 423 and 423

20 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 (Z-axis direction) by fitting the to-be-guided
grooves 511 and 511 to the above guide rails 423 and 423,
respectively.

25 The laser beam application unit 5 in the illustrated
embodiment has a moving means 53 for moving the unit holder
51 along the pair of guide rails 423 and 423 in the direction
indicated by the arrow 2 (Z-axis direction). The moving
means 53 comprises a male screw rod (not shown) arranged

30 between the pair of guide rails 423 and 423 and a drive source
such as a pulse motor 532 for rotary-driving the male screw
rod. By driving the male screw rod (not shown) in a normal
direction or reverse direction with the pulse motor 532, the

unit holder 51 and the laser beam application means 52 are



is nmoved up by driving the pulse notor 532 in the normal 5 direction and
noved down by driving the pulse notor 532 in the reverse direction. The
above | aser beam application nmeans 52 conﬁiéses a cylindrical casing 521
arranged substantially horizontally, ap e |l aser beam oscillation neans
6, a transm ssion 10 optical system 7, a first acousto-optic deflection

means 81 for dekkeackilbagt htcopfuicR! raxils ab R draser2peamascididdediohy the
pul se | aser beam oscillation nmeans 6 in the processing-feed direction
(X-axi s directtBA}Ccatgdabyedtdind araonuét dZopeiie FBMaSEioon nedhs t&2 f or
defl ecting the;oplk¢ ' | aggL bl i aser
beam oscillat%on Eegﬁgég'?ﬁb§ﬁgﬁfﬁgéX|ng}gggglg?%ghéﬁéﬁgfggééﬁgn&%+$g%%ion)
installed in the mavyedgup2by &g istiogn tie Bug.se2 motHre 93%am bdwnrapphakati on

52 h [ d f | ying. I I i
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acousto-opti c detl eetre@yenMansc?3d dnQ t he wor kpi ece held on the above chuck
table 36. The above Eulse | aser beam oscillation means 6 is constituted by
a pul se | aser beam o$BP| PRPYE &&sesnpesBdappligstiovABeaased2oSOMATALSSS or

YWO4 | il lat idd i : ted
Yo the pul se. PacEiaital bl o2 i REANLSPIAC L TPRBT: deatanen’ ©
system 7 conpriaseslsei lable ®plamncalscdllémnios, mals a5 a beamsmsiddsider. 30

The above fjrst gcouito-o tic_deflection neans 8 rises.a first

1. .co
acoust o- opt? ¢ QRUICEI8TYSFET befd &dEPhgeCPRECOpPPEAF %gﬁ%e%?l%nF%§EFsﬁgam

oscillated by tBe kageecheam tAsCHHt kL PN LRANSE 6 I1h dd1e HRIAC B3HiNAfteed
direction (X-axis direction), a first RF oscillator 812 for generating RF

14 (radio fref§¥efhdp) Pudsige laweiri dafo osigd 1iliatsitornaamastso-fopiti cthelevi ce 811;
2 ‘;'S[ StRFRcF)s?ﬂ’Hé{oi*&?rs&%%ffg%;egﬁ@'r:e?@i%% tRe AR Ut Rorgeel AL d R e
acousto-optic deflection means 82 for deflecting the optical

15 axis of a laser beam oscillated by the pulse laser beam
oscillation means 6 in the indexing-feed direction (Y-axis
direction) installed in the casing 521, as shown in Fig. 2.
The laser beam application means 52 has a processing head
9 for applying a pulse laser beam passing through the first

20 acousto-optic deflection means 81 and the second
acousto-optic deflection means 82 to the workpiece held on
the above chuck table 36.

The above pulse laser beam oscillation means 6 is
constituted by a pulse laser beam oscillator 61 composed of

25 a YAG laser oscillator or YVO4 laser oscillator and a
repetition frequency setting means 62 connected to the pulse
laser beam oscillator 61. The above transmission optical
system 7 comprises suitable optical elements, such as a beam
splitter.

30 The above first acousto-optic deflection means 81
comprises a first acousto-optic device 811 for deflecting
the optical axis of a laser beam oscillated by the laser beam
oscillation means 6 in the processing-feed direction (X-axis

direction), a first RF oscillator 812 for generating RF



to the first acousto-optic device 811, a first deflection 5 angle adjusting
means 814 for adjusting the frequency of RF generated by the first RF
oscillator 812, and a first output adjusting nmeans 815 for adjusting the
anplitude of RF generated by the first RFL%scillator 812. The above first
acousto-optic device 811 can adjust the deflection angle of 10 the optical

axis of a |aserr-hgam ageqtidhpg)t eothe dgeauenas t¢le e aPRlLed tBE 1d L he
output of a | aser beam according to the anplitude of the applied RF. The

first deflecti88vigagdel adj GsrFhdreans 1gigrahiB thee anpsi fydnguthadowstt ng
means 815 are N (-0 he. c r [ 4 i 5 i.hed
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beam osci | | at ed bX thg, | aser beam oscjllation neans 6 in_the indexing-feed
direction (- aPglsoadiveEtRrgmedis dthd derpadperdiag shetbremeenmeatt R Fig.

2)  perpendi cub@peb @tk Priacesirad- Reaskdi TeCtd P 10X- aXlysa fjiif&?toh%@u a
second RF oscillator 822 Tor generating RF to be applied to the secon
acoust o- opti ¢ ddyusEisglmeanseSdird LORF agypisitfingr t823 afmgrl idmple fofi RF t he

pover of R SeRghshadgscby hieceeeends W oofl Ll o, 922 o, apply 1 e Lhe

second acoust 8- eviceé Seco i ans

824 for adjust krguthe-bpequensyiot REL @enangted bMetdef seconsh Rndiscidd at or
822 and a second outEut adj usting neans 825 for adjusting the anplitude of
RF 30 genert edByoPhéecabcants R osdPPrRAt BeaBaCccaréiagove e drgauency

acousto-optic devige §2315a8 REI 454 ¢ &?{ﬂﬁ?tdf)géf a_L{é%Jeera%%amt %c%@tdiig@[ he

axis of a |l aser beam according to the@requency e l'1Ted RF an
out put of a | ater theanmapddstndiengf tthet kepdnpelkd Riide Bhet lié rappbieédeREiofhe

above second 15 ef L ection_angl e _adjustin ans. .824 and the second out put
i ust i ng meand™838 ARAUELRTRONFEE by i BonproR Hind WA SR B
described | at efieans 815 are controlled by the control means which will be

15 described later.

The above second acousto-optic deflection means 82
comprises a second acousto-optic device 821 for deflecting
the optical axis of a laser beam oscillated by the laser beam
oscillation means 6 in the indexing-feed direction (Y-axis

20 direction: direction perpendicular to the sheet in Fig. 2)
perpendicular to the processing-feed direction (X-axis
direction), a second RF oscillator 822 for generating RF to
be applied to the second acousto-optic device 821, a second
RF amplifier 823 for amplifying the power of RF generated

25 Dby the second RF oscillator 822 to apply it to the second
acousto-optic device 821, a second deflection angle
adjusting means 824 for adjusting the frequency of RF
generated by the second RF oscillator 822 and a second output
adjusting means 825 for adjusting the amplitude of RF

30 generated by the second RF oscillator 822. The above second
acousto-optic device 821 can adjust the deflection angle of
the optical axis of a laser beam according to the frequency
of the applied RF and the output of a laser beam according
to the amplitude of the applied RF. The above second



The | aser beam application nmeans 52 in the illustrated 5 enbodi nent
conprises a | aser beam absorbing neans 83 for absorbing a | aser beam not
deflected by the first acousto-optic device 811 as shown by a one-dot chain
line in Fig. 2 when RF is not applied to the above first acoust o-optic
device 811. 10 The above processing head 9 is attached to the end of the

casing 521 anddb@seatdoheghb0l ehangtnggnhésns &4 fold tehan@idithd RRitput
direction of a pulse | aser beam passing through the above first

acoust 0-opti c BEPPEELROMeRNS 2812 BAFTHE o ldehhl Hrvaensreptnearemhdety on

means 82 to a agw@mg dgisdijiegt 1QReand a condenser |ens 92 for converging
a |l aser beam whose direction has been changed by the direction changing

mrror 91. The | aser Theadm sgpbeaat appl heahsobndang B2 ihltlst datlegtrated

enbodi nent is co stLtut%d as describeg above. Wen RE.i.s not 20 plied to
the Tirst abouSTEOUPTTETASITEE BET Andathe DEaBnAPLCHINS SRAES doli e 821,

a pul se | aser BpaBrBsell hatledecky behe npt SR flastledeymtescidil i on neans 6
is guided to the |aser bean1absorbing nmeans 83 as shown by the one-dot
S

chain |ine inaFPysto-pridggHevheet Bans fiss SheWnopli @aPneysioémchaimy ifnge
first acousto-optic dewvi 1 u - QRt \/ 821.
Meanwhi | e, \/\/ne(r%BRE?L év?ngﬁgﬁ %Fgg%e%%$ §$§H$g¥?g§%§%¥%?ﬁf%&kggj#g?appIied to
the first acouasbostptibptdevidesri8®lgltthe optical axis of a pulse |aser beam
oscillated by the pulse |laser beam oscill ati on neans 30 is deflected and

6
converged B¢ a focal TPBi #OPA RICHTWRI Bipache 481 #btrrThedi FoFie end When RF

having a frequeReyc8kingf 8b1e%aAPhEs A0k ck3oaPRhhad1he Wit ot for
a

acousto-optic device 811, the optical axis of pul sé | aser beam oscill ated

by the pul se | gbengbadntiosdientiion pdandd S ldetrdeeam res sligrg Showtaby t he
R A T o S g B L
di rection second acousto-optic deflection means 82 to a downward
15 direction, and a condenser lens 92 for converging a laser
beam whose direction has been changed by the direction
changing mirror 91.
The laser beam application means 52 in the illustrated
embodiment is constituted as described above. When RF is not
20 applied to the first acousto-optic device 811 and the second
acousto-optic device 821, a pulse laser beam oscillated by
the pulse laser beam oscillation means 6 is guided to the
laser beam absorbing means 83 as shown by the one-dot chain
line in Fig. 2 through the transmission optical system 7,
25 the first acousto-optic device 811 and the second
acousto-optic device 821. Meanwhile, when RF having a
frequency of, for example, 10 kHz is applied to the first
acousto-optic device 811, the optical axis of a pulse laser
beam oscillated by the pulse laser beam oscillation means
30 6 1s deflected and converged at a focal point Pa as shown
by the solid line in Fig. 2. When RF having a frequency of,
for example, 20 kHz is applied to the first acousto-optic
device 811, the optical axis of a pulse laser beam oscillated

by the pulse laser beam oscillation means 6 is deflected as



(X-axis direction) . When RF having a predetermned 5 frequency is applied
to the second acousto-optic device 821, the optical axis of a pulse |aser
beam oscil | ated by the pulse |aser beamaoscillation nmeans 6 is converged at
a position which shifts fromthe above f ocl poi nt Pa by a predeterm ned

di stance in the indexing-feed direction (Y—aX|s direction, 10 direction

per pendi cul ar sRoWhebghaed HrbWdrg.1id)e par pegdi 2Ubrd cdovd e @races Fokgrlf eed
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to the control _nmeans_which will be described later. Returning to Fig. 1,
the | aser beam pFBEeBSRRgCAEEAILAELIONNIERAS] P| {15t ﬁﬁﬂ@éréﬁﬁoéhtrrénPOééﬁfﬂﬂnses

the control means .25 8.5 EHenCOAL a%od?%@?é%é%ﬁ%? 0L a3 LGRS

whi ch conprises a central processing unit ry|ng out
arithnetic pr odesSangebaJselch@rlredeoamg-(ﬁeqﬁ agramt ian r(@adxds dimeotipn ROV

102 for st the _contro d ad/ write random acc

rorory (RAY 10 FEF ORGSR o 5 it sBetFor iPucd) BRCPRBCIGIRAtece
and the resultgo eheopebatkgnngbebRdobivaiceh ow | k—@&ﬁe@q@e@qcﬂrﬁtﬁr, a
counter 104, an input interface 105 and an output interface 106. Detection

signals fromthe abo¥leptazesdier fReafaffoldid Magdtise iion theand 1934 raties
first indexi ”geﬁﬁgglﬁgﬂ'ﬂ”%gf%{ﬁgggeﬁy Qﬁaggagic%%ﬁ E%%n%eﬁ‘i”%ﬂl%%e’&éqg feed

anount detectron neans i'mage pl are " input to
the input intemnbaaeedObnothé hereontmnd mmaﬂ&akQ51ng 521 and detects the
15 area to beprocessedby the above laser beam application means
52. This image pick-up means 11 comprises an illuminating
means for illuminating the workpiece, an optical system for
capturing the area illuminated by the illuminating means,
and an image pick-up device (CCD) for picking up an image
20 captured by the optical system. A signal of the picked-up
image is supplied to the control means whichwill be described
later.
Returning to Fig. 1, the laser beam processing machine
in the illustrated embodiment comprises the control means
25 10. The control means 10 is composed of a computer which
comprises a central processing unit (CPU) 101 for carrying
out arithmetic 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
30 data on the design values of the workpiece and the results
of operations both of whichwill be described later, a counter
104, an input interface 105 and an output interface 106.
Detection signals from the above processing-feed amount

detection means 374, the first indexing-feed amount



Control signals are output fromthe output interface 106 of 5 the control
nmeans 10 to the pul se notor 372, the pulse notor 382, the pulse notor 432,
the pul se notor 532, the |aser beam appli ation nmeans 52, etc. The above
random access menory (RAM 103 has a first storage area 103a for storing
data on the design values (later described) of the workpiece, a 10 second
storage area #68kckdonsmeninsg 3@t a thre tske cahet emdmngfaﬂam drhadret

descri bed), d other stora ea. _The | aser bea rocessi machine in the
TTustrated  BRESETTER TFe ot (80 LES 8o A DUP TBNE, Tand S 2re

operation w lknpatdegcinked nhereiipRelrdWceld ofsi & f I Hes c%rft'r%ﬂ Ve Hf1 @

sem conductor wafer 20 as the workpiece to be processed by a | aser beam
The seni condGENErokaféBnadssabarPitP W grom itheaosrpigohntfdace 0 plak aI [ ty
of areas e t A f es
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LSl is forned3Bg,each pufsd metmcwbneﬂneapease ﬁfdn'eOﬂe’iBZ;es;hEOEaaee Hdwm same

in constitution. Aplualt)é/1 %electrodsZ 203aéo 203 are forned
on the surfac8PBl &4t OFeEe 5263 a8t Showh' ¢ P 9% dHE ST MFE9=E ed

enbodi nent, el (RAM) 0683 R933 ad L03fror %'r%%t &@@§5f893§’t@£‘9n§0§£ta on
el ectrodes 203c and 203h, el ectrodes 203d and 203i, and el ectrodes 203e and

203] are at the si@mg;mosnathlmﬁs (il tetre desodibatir exf itdre Wwonkpidete ais

formed r ectl ve n _the u el ectrodes, 203 3a 3j). The
ot orval SO berkEnd ShoragePatba th¥noto S FOMEERS AT oR GO det e 1S
direction (hokiazemtsal( 1a¢|erreeieswrllmed§|,g ard) okt herdrdps viatsa B bet ween

adj acent electrodes in_the X-axis direction (horjzontal direction in Fig.
4) with the dividi ngPPi haS251PPAT R HOSRS theredetientn thfatl LIS Y&ARREN the

el ectrodes 20%%%’81%%%3&3 1%“%091561%% & edda0gs 2Ah 4w med, on; gach device

202 are the sane in the |'ustrated enbodi ment. The 1 nter'vals C between
adj acent el e@pm@@&omﬁl(lzom tde R03jbed mearwiNbabow. direction
15 Fig. 3 is a plan view of a semiconductor wafer 20 as

the workpiece to be processed by a laser beam. The
semiconductor wafer 20 shown in Fig. 3 is a silicon wafer,
a plurality of areas are sectioned by a plurality of dividing
lines 201 arranged in a lattice pattern on the front surface
20 20a, and a device 202 such as IC or LSI is formed in each
of the sectioned areas. The devices 202 are the same in
constitution. A plurality of electrodes 203 (203a to 2037j)
are formed on the surface of each device 202 as shown in Fig.
4. In the illustrated embodiment, electrodes 203a and 203f,
25 electrodes 203b and 203g, electrodes 203c and 203h,
electrodes 203d and 203i, and electrodes 203e and 203j are
at the same positions in the X-axis direction. A via hole
is formed respectively in the plurality of electrodes 203
(203a to 2033). The intervals A between adjacent electrodes
30 203 (203a to 2033j) in the X-axis direction (horizontal
direction in Fig. 4) and the intervals B between adjacent
electrodes in the X-axis direction (horizontal direction in
Fig. 4) with the dividing line 201 interposed therebetween,
that is, between the electrodes 203e and 203a out of the



(vertical direction in Fig. 4) and the intervals D between 5 adjacent

el ectrodes in the Y-axis direction (vertical direction in Fig. 4) with the
dividing line 201 interposed therebetween, that is, between the electrodes

203f and 203a andbetween the el ectrodes 25%1 and 203e out of the el ectrodes
203 fornmed on each device 202 are the same in the illustrated 10 enbodi nent.

The design val ke edatrddefs bhe sefme@siueeh Walieke 202 GONSitHUEEReasn the
descri bed above, which include the nunbers of devices 202 disposed in rows

El to En and céildms$ratac ermodimamt i nThegingeanalehé Rissreamuashagenta B,
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constituted as Jesetiikedinaboye u$ @yth%@ ﬁ@i&fﬁgmﬂ@mlﬂmﬁd@ﬁ%
conposed of a synthetic resin sheet such as a pol yol efi n sheet and nount ed
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h Fi f
as shown in Fi ds% efRedil® %.eglg E'Pb'&égrzo"i% ﬁd%&%ﬁgﬁﬁ”feﬁhe%ltet@gcbﬁ%em% of

frame 21 throug rote ive ace uck
t he | aser beamzwrmﬁesmed@m&ahhndeshom OmaEegthe kdne sucthea indnrsrrdtead t he

protective tape 22 side cong nto contact. with_the chuck tabl 36. The
seni conduc]r@ %%%jfl@‘lenﬁo ﬁ?tﬁ%ﬁ%ﬂp Ketge st tanef dhircRepa6PR ‘é»@tPﬁr"@EﬁFthe

protective tape Ozgof?é’tﬁﬁﬁteétdé‘@e%l&%l%%@t é@@v@eméméhcﬂﬁden@ﬁe shewersThe
annular frame 21 is fixed by the clanps 362. The chuck table 36

sucti on- hol di n@ft Hevderisc8Rdudisposedf &n QowasEHes@rEmeﬂuébnmbﬂmysHibught to
2 Post Lo {1 ol o helanaille e RAGIB IS L iy, bho pr ceegel g ecc
pi ck-up neans ke sbersenircanduet o5t wffagDaeBat D@3a of the above random

15 access memory (RAM) 103.

An embodiment of laser processing for forming a via
hole in the electrodes 203 (203a to 203j) of each device 202
formed on the above semiconductor wafer 20 by using the above
laser beam processing machine will be described hereinunder.

20 The semiconductor wafer 20 constituted as described
above is put on a protective tape 22 which is composed of
a synthetic resin sheet such as apolyolefin sheet and mounted
on an annular frame 21 in such a manner that the front surface
20a faces up as shown in Fig. 5.

25 The semiconductor wafer 20 supported to the annular
frame 21 through the protective tape 22 is placed on the chuck
table 36 of the laser beam processing machine shown in Fig.
1 in such a manner that the protective tape 22 side comes
into contact with the chuck table 36. The semiconductor

30 wafer 20 is suction-held on the chuck table 36 through the
protective tape 22 by activating the suction means that is
not shown. The annular frame 21 is fixed by the clamps 362.

The chuck table 36 suction-holding the semiconductor

wafer 20 as described above is brought to a position right



chuck table 36 is in a state of being |ocated at a coordinate 5 position
shown in Fig. 6. In this state, alignment work is carried out to check
whet her the dividing lines 201 fornmed in a lattice pattern on the

seni conductor wafer 20 held on the chuck t@Able 36 are parallel to the
X-axis direction and the Y-axis direction or not. That is, an inmage of the

10 seni conduct pe1vaf@ie 2Qakiel i @R hH e cGMEC K1 AP Be 36 d S P4 LKUF e &P RV rih e
i mge pick-up neans 11 to carry out image processing such as pattern
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posi tion right chektawdlhee idftage j ckstuptpeahdelihg 1buntlker attheovppdmaltef t
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start positioniBoarHahhieeRdueern oo Hre gifitigionmhatso 1 0va g, 2G the lsbeiy ol

means 10 store t or di hate- val u ip_ the second. si. e ar 03b
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posi tion coordthat g-waligedifactppacessnag-f eBlast a5) pasihbge d€t edkl ng

step). Since there is a redeterninedlzgace bet ween_t he inggg_pick-u
at

reans 11 arll t AETHFOBENCERE WeART C2OMakb MasBE BRARKIERRLEI 1o Al B Cheshs 52
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i nterval between e above  inmage pick-up neans 11 "an e processing hHead 9
is stored as &HCH esopdithetrs valtgdingft etct.hdof tde prldgmemsintg-Wagdd start
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15 E1 out of the devices 202 formed on the semiconductor wafer
20 to a position right below the image pick-up means 11.
Further, the upper left electrode 203a in Fig. 4 out of the
electrodes 203 (203a to 203]j) formed on the device 202 is
brought to a position right below the image pick-up means

20 11. After the image pick-up means 11 detects the electrode
203a in this state, its coordinate values (al) are supplied,
as a first processing-feed start position coordinate value
to the control means 10. And, the control means 10 stores
the coordinate values (al) in the second storage area 103b

25 of the random access memory (RAM) 103 as the first
processing-feed start position coordinate values (a
processing-feed start position detecting step). Since
there is é predetermined space between the image pick-up
means 11 and the processing head 9 of the laser beam

30 application means 52 in the X-axis direction at this point,
a value obtained by adding the interval between the above
image pick-up means 11 and the processing head 9 is stored
as an X coordinate value.

After the first processing-feed start position



interval between the dividing lines 201 in the Y-axis 5 direction and
brought in the X-axis direction to bring a device 202 at the nost |eft end
in the second row E2 from the topnost in Fig. 6 to a position right bel ow
the image pick-up neans 11. Further, thezﬁbper |l eft electrode 203a in Fig.
6 out of the electrodes 203 (203a to 203j) formed on 10 the device 202 is

brought to a pesbtioRatboPilbes oy 1)he i FRgedePh k- 292 MR topds@r rbhe
i mge pick-up neans 11 detects the electrode 203a in this state, its

coordinate val ksl 2P - araresdpprréqdass seserdrdbabsyengtieahutiateble
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alles (a e

means 10 stores the coordinate v I'n the secon stora area 103b
of the random acxtessahehetyeéRANMhelG3vadinghéinesoldlpriacebhs Yogaxeed start
posi tion c%prdinate val ues. SinCﬁEtherggis a Qned t.er m_ned $ha e .bet ween
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above i ndexi ng: d qgg essLng: d sk ti-on I e are
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the rows d store themin the secqond storage area 103b of_ the random
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sem conductor wafer 20. In the drilling step, the processing-feed means 37
is first activhhedcliermnde 2hsachudihis sbkée36it0 erprdbimrtiagalive s (a8

procossing- {ood: 31 ik ElgaPtsl iLeNghontdLtalrutes (BLpsstaedig the
posi tion rightcbetetnsbe wneessionghbeathtdrdf miché sl aser Aedmthe control

15 means 10 stores the coordinate values (a2) in the second
storage area 103b of the random access memory (RAM) 103 as
the second processing-feed start position coordinate values.
Since there is a predetermined space between the image
pick-up means 11 and the processing head 9 of the laser beam

20 application means 52 in the X-axis direction at this point
as described above, a value obtained by adding the interval
between the image pick-up means 11 and the processing head
9 is stored as an X coordinate value. The above indexing-feed
and processing-feed start position detecting steps are

25 repeated up to the bottom row En in Fig. 6 to detect the
processing-feed start position coordinate values (a3 to an)
of the devices 202 formed in the rows and store them in the
second storage area 103b of the random access memory (RAM)
103.

30 Next comes the step of drilling a via hole in the
electrodes 203 (203a to 203j) formed on each device 202 of
the semiconductor wafer 20. In the drilling step, the
processing-feed means 37 is first activated to move the chuck

table 36 so as to bring the first processing-feed start



application neans 52. Fig. 7(a) shows a state of the first 5 processing-feed
start position coordinate values (al) being positioned right below the
processi ng head 9. The control neans 10 controls the above processing-feed
means 37 to nove (processing-feed) the chaitk table 36 in the state shown in
Fig. 7(a) in the direction indicated by the arrow X1 at a 10 predeterm ned

Ul s0° naer boRRETEOR REST B DREaeT Wy Foad 10 b7 E B0 PR AREr BFRAd TS the

sanme tinme. Tharkacalo3pobiit tReobbavkasendbeaintepps iwendr pmitie) proxessiag
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[
first output adjusting nmeans 815 of the first acousto-optic deflection
means 81 baSedpgecassdatgedftdeghsspghabosientod conndimateadahoed 87Ub efirtdhe 20

processi ng-feed amunt detectio ans, 374 _for a, predeterm ned ti during
whi ch a pul se ngrr&lt?@ae ird9 pP}feggf"' %lf‘ﬁaPr?g,es?ﬁB_gc%ﬁ?ﬁao{)'nglg'hes%g&&?ﬁtrol S
the frequency elkaRt 1geneittems Bhd BBolkStod¥s 9564+ Fad @mlkds BO 8o mange of,
for exanple, 10 to 20 kHz and outputs a control signal to ensure 25 that

the anplitude dPrREegEA&aiasdy thiee chuckt tRPLEsEP| 1ntGre BuRtpetonmgs ip
predet erni ned yalues The (i 3fe I a86ildAtar; B12 putpyss, B hased o o
e i rs e 14 %and t he

control signals from r ection angle adjusting neans
first outpud adjedsttienthimeansadling M gowerd efctRvaidputhd roagdhepbdamst 30
RF oscillator 812 is anplified by the first RF anplifier 813 and applied to
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device 811 def kgeleslNeg ARRKCH! F A hSpPE St Pith SR b aSHIe RRARKASSANS aligeh DY
the pulse |aser beamoscillation neans 6 to a range fromthe position 22

shown by the s@hiedfocaé poilr §. of aipasertiheapegiptliicd fhomnthéprdwe derigken
line in Fig. 2p.Ihe Process! B9 OnAILang il rdPe Il I AL SURR of

15 the semiconductor wafer 20. At this point, the control means
10 outputs a control signal to the first deflection angle
adjusting means 814 and the first output adjusting means 815
of the first acousto-optic deflection means 81 based on a
detection signal sent from the read head 374b of the

20 processing-feed amount detection means 374 for a
predetermined time during which a pulse laser beam is applied.
That is, the control means 10 controls the frequency of RF
generated by the first RF oscillator 812 to a range of, for
example, 10 to 20 kHz and outputs a control signal to ensure

25 that the amplitude of RF generated by the first RF oscillator
812 becomes a predetermined value. The first RF oscillator
812 outputs RF based on control signals from the first
deflection angle adjusting means 814 and the first output
adjusting means 815. The power of RF output from the first

30 RF oscillator 812 is amplified by the first RF amplifier 813
and applied to the first acousto-optic device 811. As a
result, the first acousto-optic device 811 deflects the
optical axis of a pulse laser beam oscillated by the pulse

laser beam oscillation means 6 to a range from the position



are set as follows, for exanple. 5 Light source: LD excited Q switch Nd:
YVO4 "Wavel ength: 355 nm Repetition frequency: 50 kHz Qutput: 3 W Focusing
spot dianeter: 15 m 10 Processing-feed rate: 100 mm sec Wien the drilling
step is carried out under the above proce88ing conditions, a hole having a
depth of about 5 m per one pulse of the pulse | aser beamcan be forned in

the silicon fer fore, . .to.ftarm ia hole i silicon 15 er
havi ng a thicﬁggggnbgggé%ﬁnS%&léuﬁgggn%ﬁ ?%g'pglg% ﬂ?ggg% ?ﬁé%%ﬁ%t Tl
appl i ed. ConsedpyerttHey bridkepulisies: afn tihiey. @l se | aser beam nust be applied to

the first processing-fee start position, coordinate values (al). of the

d .
seni conductor waf er 126 REPGESHA1PHeCeRALk1PREI P 3BV E 4 %tSELR eed

20 rate of 100 ypd s ynded, kg abons ppaRsIsd ng conditions.  The nmethod of
applying 10 pul ses of the pulse laser beamto the first processing-feed

start positbon cbdsbitnaperceal Lsegglifedf Ot swiseh dohddiCdr wafer 20 when
t he seniconductoha@%&ek %gii§5gnved at a processing-feed rate 25 of 100
m sec will be dé&dribed witR ref€rence to Figs. 8 (a) and 8(b). Since the

repetition frequrapgtotibherpelhgsenkgsesobgam under the above processing
conditions is 50 kHz, 50,000 pulses (50,000 pul ses/sec) of the pulse |aser
beam are 30 appl PBEPESF énE second. Therefore, the tinme for applying 10

pul ses of the pu I r mi. 15,000 sec. Meanwhile, the sem conductor
waf er 20 which ngéggsgﬁgtﬁgggiFégp%ggr'igéigéted by X1 at a processing-feed

rate of 1000 s@comegesng2fegm frattel/ 30000mgeec Therefore, the | aser beam

l'i cati 23 52 | tivated f 1/5, 000, duri which th
seni conduct or vaf er FOSHoU8S SB hi +HAC T 15 FF 1d€ft BEL YRCCANgHe TRt i ng

means 814 cont rpq_Jo%etﬁrfd Pc%'ﬁ%q.ct)ﬁ.o‘?fcs,R% ?Mtl@uhaving a depth of about 5 um
per one pulse of the pulse laser beam can be formed in the
silicon wafer. Therefore, to form a via hole in a silicon
15 wafer having a thickness of 50 um, 10 pulses of the pulse
laser beam must be applied. Consequently, 10 pulses of the
pulse laser beam must be applied to the first processing-feed
start position coordinate values (al) of the semiconductor
wafer 20 held on the chuck table 36 which is moved at a feed
20 rate of 100 mm/sec under the above processing conditions.
The method of applying 10 pulses of the pulse laser
beam to the first processing-feed start position coordinate
values (al) of the semiconductor wafer 20 when the
semiconductor wafer 20 is moved at a processing-feed rate
25 of 100 mm/sec will be described with reference to Figs. 8(a)
and 8 (b).
Since the repetition frequency of the pulse laser beam
under the above processing conditions is 50 kHé, 50,000
pulses (50,000 pulses/sec) of the pulse laser beam are
30 applied for one second. Therefore, the time for applying 10
pulses of the pulse laser beam is 1/5,000 sec. Meanwhile,
the semiconductor wafer 20 which moves in the direction

indicated by X1 at a processing-feed rate of 100 mm/sec moves

20 um for 1/5,000 sec. Therefore, the laser beam application



fromthe first RF oscillator 812 in 10 stages for 1/5,000 5 sec to ensure
that the focal point of the pulse |aser beam is brought to a position at
the first processing-feed start position coordinate values (al) during this
tire. That is, in a state where the firstZprocessing-feed start position
coordi nate values (al) of the sem conductor wafer 20 is 10 positioned right

bel ow the condgasgr, ena £2. A% SN ddk %, o6h (Re B deinacp rgauency

of , for exanpl e, to the Tirst acousto-optic device 811 to
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via hole 204 is forned at the first processing-feed start position
coor di nat el®al peositianedfight seinw ahductmiemad erle2s 88 ashewownnifikig 8(b).
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osci |1 ator 812 Cri) bRE COEYTEH P ecF BYEE Phr <hOF GAePetL e} 4 oGS mEHG 35, ¢ 0
adj ust the out gt tak Fhespubseuskaseptheagevieanyhil€s ddisl ¢aiid Mptmeans 10
receives a detection 24 signal fromthe read head 374b of the

processi ng- f eed@ %ot thaepets e olp sRake Y £sas8orbubtsthpesgbi@ckimm &ignal s
by means of thg qounten 104, And el iha caund yalye of ;e soupt £&

15 deflected in the direction shown by X1 in 10 stages from the
position shown by the solid line up to the position shown
by the broken line while the semiconductor wafer 20 moves
20 um. The deflection of the optical axis of the laser beam
can be carried out by controlling the frequency of RF applied

20 to the first acousto-optic device 811 of the first
acousto-optic deflection means 81 based on a detection signal
from the read head 374b of the processing-feed amount
detection means 374, as described above. As a result, since
10 pulses of the pulse laser beam can be applied to the first

25 processing-feed start position coordinate values (al) even
in a state of the semiconductor wafer 20 moving in the
processing-feed direction X1, a via hole 204 is formed at
the first processing-feed start position coordinate values
(al) of the semiconductor wafer 20 as shown in Fig. 8(b).

30 In the above drilling step, the amplitude of RF output by
the first RF oscillator 812 may be controlled by the first
output adjusting means 815 to adjust the output of the pulse
laser beam.

Meanwhile, the control means 10 receives a detection



104 reaches a value corresponding to the interval A between 5 the el ectrodes
203 inh the X-axis direction in Fig. 4, the control neans 10 activates the

| aser beam application nmeans 52 to carry out the above drilling step.
Subsequently, the control nmeans 10 activatés the | aser beam application
means 52 to carry out the above drilling step each tine the count 10 val ue

of the counter Le I r ondgi t j Nt epv
bet ween the el gé&?‘&&egf%ssdfen%%ﬁleée&ggéifﬁ&dlggegg?cpﬁr?%é.%ig&é—ﬂfe%tagkoq‘{rhg
above drillingdeteptisncacane®7oahdaourites eheciatoset 2O3 e iam atlleb postarrs ght

end in Fig. 4 aqut of the electrodes 203 forped on the device 202 at the 15
most ri ght endos%ntlﬂﬁéorud\%eé ?§1‘4 “t héngeﬁﬁ%l'?@naggp%?u%fvérl%,Of the .é:t?é\m:ei%
Fig. 7(b), thejopetakiABsof &ﬂ%@%‘i@ces@i&ﬁﬁ?ﬁs%"&ﬁédiﬂﬁé‘%aﬁﬁ'b%t%}é%}?nded
to stop the novenent of the chuck table 36. aresult, a hole 204 is

formed in ®eaclthef etleetalodetsr @des 1203 hendt-aghewdl) refc tiiloe senifignduct drhe0
waf er 20, as shown in Fig. 7(b). .Thereafter,.the_control ans_.10 controls
the above 111 SOUERRhAREE ch AREnG i el AR veh RS i PR e
means 43 to nove toneexipgniteetle bheovepapcesshfidsthead Eusddised@ser twam

application neans 52 in 25 the indexing-feed_direction perpendicular to the
sheet in Fig. cPnEPl negeBAWKY ISt it eorteol apREReAD GRilel Gadslot maans

read head 433b <of chhea pECORGk il 8891 30RUNG £ 0B! SLH 0P ndBANS A 2

detection signal and counts the detection sSig y neans of the counter
104. When i1he calnke vdl agee3@ooh tiche 10dumeacht8s ar vadhes corralspending to

correspondi ng the_ interval C between the el ectrodes 3.in . the Y-axis
direction in Fi .lﬁFeFH@foppé’rraPi ]Bﬂlcﬁ?e]?h%hes§ & rloﬁj(fe%(?ﬁ RSP TEaRE U3 i s

suspended to SiQR e FOMETRGL Of WY JH ORESHRG Beall 1 8y Qft dies laseri heam
application neans 52. As a result, the 25 processing head 9 is positioned

ri ght above theudl ett ithee el203jrodse@ OBieg at4 X hepposéd riightthenshdve Fdlgect4 ode
203e. This stalg 1% $hAM 10t Fed 2®) rorkld % T @AW b BHid-ik (2)
1 15 most right end in the row El1 of the semiconductor wafer 20,

as shown in Fig. 7(b), the operation of the above

processing-feed means 37 is suspended to stop the movement

of the chuck table 36. As a result, a hole 204 is formed in

each of the electrodes 203 (not shown) of the semiconductor

20 wafer 20, as shown in Fig. 7(b).

Thereafter, the control means 10 controls the above
first indexing-feed means 38 or the above second
indexing-feed means 43 to move (indexing-feed) the
processing head 9 of the laser beam application means 52 in

25 the indexing-feed direction perpendicularrto the sheet in
Fig. 7(b). Meanwhile, the control means 10 receives, from
a read head 433b of the second indexing-feed amount detection
means 433, a detection signal and counts the detection
signals by means of the counter 104. When the count value

30 of the counter 104 reaches a value corresponding to the
interval C between the electrodes 203 in the Y-axis direction
in Fig. 4, the operation of the second indexing-feed means
43 is suspended to stop the movement of the processing head

9 of the laser beam application means 52. As a result, the



the control nmeans 10 controls the above processing-feed neans 5 37 so as to
nove (processing-feed) the chuck table 36 in the direction indicated by the
arrow X2 in Fig. 9(a) at a predeterm ned noving rate and activates the

| aser beam application neans 52 to carry 9at the above drilling step at
the same tinme. Then, the control neans 10 counts a 10 detection signal from

the read head 374beglithendl0eessl RoLhead AUt etention feans 74 dy

means of the Ccounter as descri above and - activate aser beam
appl i cati on ne2f@8j52see Kigg r i JoappbhedabovEhadrbbliviengl st epodeaz®i3¢ i mnertie

count val ue reaches the.,interval. A qr be nl he .el ect.,rodes 203 in the
X-axis directi S%ai%ﬁ’ F ghoyn #PtaELelrg‘ gﬁé‘?aboi/%mecgﬁ F?P%S NP2 ELfr !de Jout on
the el ectrode 283fcod OFEtc@n st NG cd@rired s202e Abokiaep FMst st ehy- eaddink e row
El of the sem conductor wafer 20 as shown in Fig. 9(b), the operation of

t he above p?océdsFaRT dedmaEansPBICE8ssngpéaddd e st abie Abvimdrte of
t he chuck tabl ¢.36. a . , i r. J of, t he

el ectrodes 203%(l %%tCtéﬁgml;‘%iggﬁ %teﬁe%é);ﬁélh;%oﬁagt%cot%riz.\j\aﬁ%%l e%g')s h%\:/mgi n Fig.
9(b). After therkdeterdisear movinedadte tdmel el@divaases (208 1adet heearvi ces
202 in the row El _of the sem conductor wafer 25 20 as descri bed above, the

control means POPAICATAO8s ERE SprdcdSsiCRG e &8 tmddifs 28P Van ditiHd 196k GHEP

i ndexi ng-feed nRaRse 43nkl thid9 THen$eeRRU-BHEEBIShRUNECED SARHrPQsi tion
coordi nate values (a2) stored in the second storage area 103b of the above

random acckés waetpeof iPRARL N3 dutomofthtchere3@ dlesct rodds 20X Heor med on t he

devi 202 in_th v E2 of . th i conduct f t i t] i ght
el ow the pr OBERCERY Rad &5 bPIOREY HEGrCheam BRBFCALT ot St 52 hfhen.

the control nearsint@rco0Lrot dddier IRserRRRMaARPALE &b 08sMTERAS] DZer Him
processi ng-feed neans 37 and the 26 second indexing-feed neans 43 to carry

out the above @PPLLCAE1ON BRadH e tOl cerrades 20 el sPR¥e 6 itiHd ndevAt@rs 202
in the row E2 afnl PengamLoBAUGt 041 YR1AIL 4%s THEM Al £Ya1 W68 PG ween

15 the electrodes 203 in the X-axis direction in Fig. 4. After
the above drilling step is carried out on the electrode 203f
formed on the device 202 at the most left end in the row El
of the semiconductor wafer 20 as shown in Fig. 9(b), the
operation of the above processing-feed means 37 is suspended

20 to stop the movement of the chuck table 36. As a result,
a hole 204 is formed in each of the electrodes 203 (not shown)
of the semiconductor wafer 20, as shown in Fig. 9(b).

After the holes 204 are formed in the electrodes 203
on the devices 202 in the row El1 of the semiconductor wafer

25 20 as described above, the control means 10 activates the
processing—-feed means 37 and the second indexing-feed means
43 to bring the second processing-feed start position
coordinate values (a2) stored in the second storage area 103b
of the above random access memory (RAM) 103 out of the

30 electrodes 203 formed on the devices 202 in the row E2 of
the semiconductor wafer 20 to a position right below the
processing head 9 of the laser beam application means 52.
Then, the control means 10 controls the laser beam

application means 52, the processing-feed means 37 and the



drilling step is also carried out on the el ectrodes 203 formed 5 on the
devices 202 in the rows E3 to En of the sem conductor wafer 20. As a
result, a hole 204 is forned in each of all the electrodes 203 fornmed on

t he devices 202 of the seniconductor wafe¥620. In the above drilling step,
the pul se | aser beamis 10 not applied to the sem conductor wafer 20 in the

areas of the LBLeRYal adk AN FOCIABAR £S ddIabbeINaL RIS BE d1dNS

direction in Fig. 4. Thus, nce t he pul se ser beamis not applie
sem conduct or wéker oR0the hel ettovad e 0o lformeansnldhst dgsi &Es t20 Deirapld ed

to the first acou - {c 15 device 811 of_ the first acousto-optic

defl ecti on meaﬁgwgéé) O%pAihS_‘T‘%Igb(f?{lg%CB% §“€qe§$29'be WB%?:?E?& ey NE
pul se laser beaammoseyldwdp 98 ARANSa8risdan badand1abseohed Dy3 trbemaper
beam absor bi ng neans 83 as shown by the one-dot chain line in Fig. 2 and

hence, is riot §ii Bed 4’V iRS Aoy énpEbedsaihg 2ooheacd D thaeeabyonka giditse
| aser beamis pgtfeépgb'.e%oa%esulsc%macﬂﬁﬁa‘%ﬁ iﬁgfeﬁﬁrﬁé’d 5 e C[%P%ﬁl

above, in the l'aser beam'processing’ machine In ustrated enbodirent,
by adj usting thee klegtendgsof0d Hoghelr equehey dewrirces 202 kef apyd ied to the
25 first acousto-qgptic device 811 of the first acousto-optic deflection
means 81 basedSSWlSOBQPQEPFoWagﬁgngp'fron1the read head 374b of the

processing-feed amoun}, ggbesbboB HBRNEiAd4sted, PEHEALLIY 0N ARS8 A0 ilhe
pul se | aser beam can be applied to a predetermn ned processing position even

in a statel®f 80tt herdéridcoadtibeosematend0otbei wgfvwved iin the areas of

processi ng-fee direction. .Therefore,  the es. 204 ca e.formed __.

b1 crontlly. FUPEREN STV A BBV RRF PRy Sr8n R LREy ahplt e oo
oscillated fromtketfibhsin REqaseil | hwg, &iAdestndjpislesl 126erbyesmnid aldd ng
the first output adjusting nmeans 815 of the first acousto-optic deflection
neans 81 to adpB®tLifRetoakpri £68a condretos wefspplifed the @heMe cgntrol

acoust0-optic peans 10 stops RF to be applied to the first acousto-optic

15 device 811 of the first acousto-optic deflection means 81.
As a result, a pulse laser beam oscillated by the pulse laser
beam oscillation means 6 is applied and absorbed by the laser
beam absorbing means 83 as shown by the one-dot chain line
in Fig. 2 and hence, is not guided to the above processing

20 head 9, whereby the pulse laser beam is not applied to the
semiconductor wafer 20.

As described above, in the laser beam processing
machine in the illustrated embodiment, by adjusting the
frequency of a high~frequency current to be applied to the

25 first acousto-optic device 811 of the first acousto-optic
deflection means 81 based on a detection signal from the read
head 374b of the processing-feed amount detection means 374,
a plurality of pulses of the pulse laser beam can be applied
to a predetermined processing position even in a state of

30 the semiconductor wafer 20 being moved in the processing-feed
direction. Therefore, the holes 204 can be formed
efficiently.

Further, in the above drilling step, the amplitude of
RF oscillated from the first RF oscillator 812 is adjusted



device 811, thereby nmaking it possible to suitably adjust 5 the output of
the pul se | aser beam Another enbodi nent of |aser processing by activating
the first acousto-optic deflection neans 81 and the second acousto-optic
defl ecti on nmeans 82 of the above-described?7| aser beam application neans 52
will be described with 10 reference to Figs. 10(a) and 10(b) That is, when

the optical axig @bng B4hgd ‘t‘ﬁ%erF‘?g‘ oufpIEIaFLEfi A Al #Ks S AlRAL1 O

and the Y-axis direction séquentia y activating t irst acousto-optic
defl ection neaddr8t awndushe-<eddrd deddusttd-coptmieardefdledia ardibstedms 82 in a

state where the r.kpi ece |.d.on.the abave, ,chyck tabl e 36 has_been noved

in the process?ﬁ‘é&l a° &tjrqg‘g?it_@n bafnc?qparlt%rt lpﬁﬁetseaqoa%%t?o—b%%w?s

applied to theewakpisaas Bhea@doysmakd nighe towbRelimfe tthe ultse lase!jdwam
S

so as to forma plurality of holes 204 by 2-D processing such 20 a
t r epanni ng, 2 et ¢hea®uskiiin oitn they PUlF § dBsera bsde 205 having a desired size

can be formed, as sh i.n..Fj t 4 i ; .aser
processi ng by acti vagﬁﬁéhgﬁeégggégégégoﬂgtio%éoep}?i%gg%%ﬁ%ﬁ??%ﬁgﬁ%ﬁ
t he above- descithieedilraseacbeanvappkicatie bbetebos hams| $1 bend 2h«leserdrhed
with reference to Fit%s a). and 11(b). That is, the workpiece Wis brought

to a position ACGNE b'.é’lpcly\]% RetdGrddisemeagss 8% ofs HrodP e FeecuiPed) and

moved (processingyl 8dan A8 GitiRR! HAREEEId QU dasdMeshegithwhile a
pul se |l aser beamis applied to the workpiece Wto 30 forma groove 206. Then,
t he secondl@courstferepiciec tdeffligst-i di? (ateamsl 82 @&f) t he above | aser beam

application neans 52.is, activated, to deflect the optical axis of a.,pulse
her beam i the | ROGKi hg: fHBGRAr PECTR OHET V-2 S O rodtt Br AT SnsthaT |
Fig. 11(b) and itsh@eekpiede YhexX-aniedd(peecessitgd tad)y28xis it tion
direction perpendicular to the sheet while the pulse |aser beamis applied

thereto, therelfpWeRitAGLY possiBieatiad dhm £insl aqaust-ptobves 206 in
the workpi ece Wopf «li%n means 81 and the second acousto-optic deflection
15 means 82 in a state where the workpiece held on the above
chuck table 36 has been moved in the processing-feed
direction and further when a pulse laser beam is applied to
the workpiece by adjusting the output of the pulse laser beam
so as to form a plurality of holes 204 by 2-D processing such
20 as trepanning, etc. as shown in Fig. 10(a), a hole 205 having
a desired size can be formed, as shown in Fig. 10 (b).

Still another embodiment of laser processing by
activating the second acousto-optic deflection means 82 of
the above-described laser beam application means 52 will be

25 described with reference to Figs. 1ll(a) and 11l (b).

That is, the workpiece W is brought to a position right
below the condenser lens 92 as shown in Fig. 11(a) and moved
(processing-fed) in the direction perpendicular to the sheet
while a pulse laser beam is applied to the workpiece W to

30 formagroove 206. Then, the second acousto-optic deflection
means 82 of the above laser beam application means 52 is
activated to deflect the optical axis of a pulse laser beam
in the indexing-feed direction (Y-axis direction) as shown

in Fig. 11(b) and the workpiece W is moved (processing-fed)



noving the workpiece Win the processing-feed direction 5 without nmoving it
in the indexing-feed direction. Wien the above groove 206 is to be forned,
the first acousto-optic deflection neans 81 is activated to change the
output of the pulse |aser beamat a predef@rnined position, thereby nmaking
it possible to change the depth of the groove 206 at the 10 predeterm ned
position. Further : QRt i t I SEF, + i

hey th@hﬁﬂré@€l€§e§%;’ﬂge%iﬁif’$r e tAY SRebd ﬁl?%fﬂ}f%gﬁllse

defl ected for every other pu synchroni zing a contro
absorption of tlheepubsen dserpipddmdodticdedoed thng ricivey maK igwy |ids erodseidne

illati 6. by the | b 15 _ab i 83 with th
Cepeti 11 on 11 odiohey ot FINE e T AAE v ER 2P CHEAEEAS Y DRE i cal
axis of the pul®&rinaitle hRamuIsed lvatied the tdie Ul St d-asesd heara ©scoh | ation

means 6 by the first acousto-optic deflection nmeans 81 of the |aser bheam
appl i cati on® nedidhoRtsRENANEONFi i the iRdepingsfeed dsepchéam hathery the
predeterm ned r it r%qjgeq a | i t Qs ,ece Wt hout
changing its pl?%g)gltevm'tgl&%%.‘;% V\h%%/ tfbsrll)c g?)nr@%&l's%%f %&Eiégcs\é%yoﬁ%% So ocleé;si ng
machi ne conpri siafg extdluckeahab8 e forchdlvdited o witdepiedde aukpaerobedm

application nean for applying,a | aser beamto, the, workpiece held qn the
chuck 5 tabl o, PAISEOLRSET METBEE Ao RAT G THARhEOEHE 1RaCKIEEBPE Makidd he
| aser beam appliitC@dsan YIRANS @lde/ D Raftth YMathe | drdoRE OLESSANgcheed
direction (X-axis direction), and an indexing-feed neans for noving the

chuck t abl 20 an@rese Heagemechamnidpsiti cat i on neans rel ative to each other in
an 10 1 ndexi ng feed ghieptbon %4l el o) nef RRICEEVLAT, Loc, then

processi ng-feed direction axr's ony, erein aser- beam
application nmedrsdeobpete@stoxr basely ododd pal sero yegnshiromhieseid & aldntg ¢l

| aser beam a first_  acousto-optic deflection nmeans for deflecting the
optical 15 axif®Tofhg 2RIRFPHEam s el %‘ﬂ%ﬁeblfst%bleég‘ePsﬁééﬁ?%é?‘PYaW}%n

means in the prREessiingdeed M rction (6l '€y Qe laser beam
15 absorbing means 83 with the repetition frequency of the pulse
laser beam without deflecting the optical axis of the pulse
laser beam oscillated by the pulse laser beam oscillation
means 6 by the first acousto-optic deflection means 81 of
the laser beam application means 52 shown in Fig. 2, the pulse
20 laser beam having a predetermined repetition frequency can

be applied to the workpiece without changing its pulse width.



and a second acousto-optic deflection neans for deflecting the optical axis
of a [aser beamoscillated by the laser beam oscillation means in the

i ndexi ng-feed direction (Y-axis 20 direction). 2. The | aser beam processing
machi ne according to claim 1, wherein the2?irst acousto-optic deflection
means conprises a first acousto-optic device for deflecting the 25 opti cal
axis of a | asefjhReamsosqijihk@led Py the | aser beam oscillation nmeans in the
processing-feed direction (X-axis direction) , a first RF oscillator for
appl yi ng RF tolthe fArdesezcbestopgpriessdag oeciridea dompsti sdefd ectdlorclangl e

dj [ f ' J . . f he fi 30
RE osci | at or . 2R o ot CRush e G BT c 1T SE PN AR RbhAR AT o

second acoust ofopt applgvhgea flarsdebleadt tootidevcaigicde axilsl onftige l@RRIK beam
oscillated by the | aser beamoscillation neans in the indexing-feed
direction (Y- axe®lGir &cPreR)essiRdkdEsitd M@ sRE ods &AM iadort o rchdisit Vgl RF to
the second acougi0rARt]&s P%éé&ﬁa;f’ﬁl‘k%ﬁ%‘%?ﬁ@aﬁ%f Leghi 99eang! gglotb%{ém
means for adjusting the ?requency of RF output fromthe secon F
oscillator. 5 3n Bherbasss lbgarhemdocdgsiatg omadii-2es isc condiatg aro claaidnar?,

wherein the first, acousto-optic_defl ectian ns . ¢ rises_a first output
i Ust | ng meand PSRIA SEPRECERE T I iadeEBr FE TR ARG PR ThE A Re
oscillator; anéeizhe s} 15eAINGraeREHOrAtdtG wefd e ddan Jmans oy i ses a
second output adjusting neans for adjusting the anplitude of RF output

from the sk¢ondnRexdsdifeaodiractine (Yavuripdameptoons e pmehrnbar to
Getoction | meatt BRSPS g e Atasae g B SR P e T
table relative to théhkajeselredraappbiddicati ofe arkansarconprded Ngr fleskranount
detection nean%s%%&l%%&%ﬁf%Q%ngh%or oscillating a laser beam, a first
acousto-optic deflection means for deflecting the optical
15 axis of a laser beam oscillated by the laser beam oscillation
means in the processing-feed direction (X-axis direction),
and a second acousto-optic deflection means for deflecting
the optical axis of a laser beam oscillated by the laser beam
oscillation means in the indexing-feed direction (Y-axis

20 direction).

2. Thé laser beam processing machine according to claim
1, wherein the first acousto-optic deflection means
comprises a first acousto-optic device for deflecting the
25 optical axis of a laser beam oscillated by the laser beam
oscillation means in the processing-feed direction (X-axis
direction), a first RFoscillator for applying RF to the first
acousto-optic device and a first deflection angle adjusting
means for adjusting the frequency of RF output from the first
30 RF oscillator; and
the second acousto-optic deflection means comprises
a second acousto-optic device for deflecting the optical axis
of a laser beamoscillated by the laser beamoscillation means

in the indexing-feed direction (Y-axis direction), a second



i ndexi ng-feed anount of the chuck table relative to the |aser 20 beam
application neans, a nenory neans for storing the X and Y coordi nate val ues
of ,an area to be processed of the workpiece, and a control neans for
controlling the first acousto-optic defle&?ion neans and the second
acousto-optic deflection neans based on the X and Y coordi nate val ues

stored in the g gREony JiBansoand dalacy e t0Raks SLAMd heRipeesiie: feed

anount detection nmeans and the i ndexing-feed anount etection nmeans.
device, and a second deflection angle adjusting means for
adjusting the frequency of RF output from the second RF

oscillator.

3. The laser beam processing machine according to claim
2, wherein the first acousto-optic deflection means
comprises a first output adjusting means for adjusting the
amplitude of RF output from the first RF oscillator; and the
10 second acousto-optic deflection means comprises a second
output adjusting means for adjusting the amplitude of RF

output from the second RF oscillator.

4, The laser beam processing machine according to claim
15 1, further comprising a processing-feed amount detection
means for detecting the processing-feed amount of the chuck
table relative to the laser beam application means, an
indexing-feed amount detection means for detecting the
indexing-feed amount of the chuck table relative to the laser
20 Dbeam application means, a memory means for storing the X and
Y coordinate values of an area to be processed of the workpiece,
and a control means for controlling the first acousto-optic
deflection means and the second acousto-optic deflection
means based on the X and Y coordinate values stored in the
25 memory means and detection signals from the processing-feed
amount detection means and the indexing-feed amount

detection means.





