DESCRIPTION Il Ht Il LASER DRILLING METHOD AND DRI LLI NG APPARATUS 11 3
“TeThni cal Field The present invention relates to a |lase t hod
and a laser drilling apparatus for carrying out drilli Hm m"ﬂ"ﬂ’ﬂ“@ﬁ“ ng
wor ks such as printed circuit boards and ceranic substrates | aser

-beam froma laser oscillator. Background Art Wth trends t oV _
m ni aturization and hi gh-density nounting of electronic conponents, high

density is required for printed circuit boards. For exanpl oser
"is known as a printed circuit boar ECSCCF]RW@N ng and packa wl;" ﬂ’ ‘ ' Hps.
Al t hough connection between such LSI chips and the interpo

prinmarily perfornmed by wire bonding processes, flip-chip mounticgts
increasing and furthernore, the number of pins in packages is increasing.
Wth such LASER DRIbLING METHOD ANBRDRIDLING APFHARATUSt be provided in
smal| diameters and in fine pitches in the interposer. Al though such

"

drilling has been perfornmed by a nechanical machining process using a fine
mechani cal _drill or by an exposure (photo-via) process, |aser beans start
to be usedT@eheA\IeldDy i |1ing apparatuses using | aser beans are superior

to nmechani cal machi nin sing fine drills in view of processing rate and
ready formation 3Feﬂrﬁ1%nL{H%Y‘°g'§'9nA§'qt%@alﬁﬁﬁhdélﬂkmd’Bet,hodszi adasers and
used hecause of the
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circuit boards and ceramic substrates with a laser beam from a laser oscillator,

Background Art

With trends toward miniaturization and high-density mounting of
electronic components, high density is required for printed circuit boards. For
example, an interposer is known as a printed circuit board for mounting and
packaging LSI chips. Although connection between such LSI chips and the
interposer has been primarily performed by wire bonding processes, flip-chip
mounting is increasing and furthermore, the number of pins in packages is
increasing. With such trends, holes which are called via holes must be
provided in small diameters and in fine pitches in the interposer.

Although such drilling has been performed by a mechanical machining
process using a fine mechanical drill or by an exposure (photo-via) process,
laser beams start to be used nowadays. Drilling apparatuses using laser
beams are superior to mechanical machining using fine drills in view of
processing rate and ready formation of finer holes. As laser beam sources,
COy lasers and harmonic solid-state lasers are generally used because of the

inexpensiveness of the laser oscillator and reduced running costs.



L2 Problems to be solved by the Invention In the conventional |aser
“dril'ling apparatus, the |aser beamfromthe |aser oscillator is introduced
to an optical scanning system having biaxial galvano-mrrors called an X-Y
scanner’ or gal vano-scanner via an optical path including a reflecting
-mrror and the like. The drilling is carried out by scanning the |aser
beam by the optical scanning systenland%n/irradiating a printed circuit
board with the | aser beamthrough a processing |lens (for exanple, Japanese

“Unexan ned pretblefis foub 6ok ] jRi - Hei 10-58178). Since the _
positions of holes to %g@?o(rbgég@i?\ t IIgﬁpri nted circuit board are determ ned

prelininarily, tiethd édriventiohsl |a§é:rdmmwg>ammmd?xh@Ih%ePbeSﬁPﬁ§m'thé”9 the
optical scanning systemin accordance W the information of the

posi tions (dserossitiatdrds irdroddeed tean dpticahscamhingsysem Khvind biagiiaysi ng t he
optical scanning system having the X-Y scanner or gal vano-scanner, the
processi nggalvasoimirarasalied an XpiYagmanneoor galvahe-scannemwatancdpticagpanber  of
the holes [n the printed circuit board. By the way, since the response of
t he gal van8ic4ding & reflecting,mirreroand fheslike. t Tihe drilling iswarried otibbyrs&@itning nor e
hol es per gecond. K Supposing that holes wth a dianeter of 50 mare
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. h is 2.500. In thi , th ocessi ng
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nmet hods. Another object of the present inventiron 1s {0 provide a laser
drilling praieminarly, the drilingisfcarriédoubbey By B itcontrolling the optical

scanning system in accordance with the information of the positions of these

holes.

However, in the one-by-one drilling using the optical scanning system
having the X-Y scanner or galvano-scanner, the processing time increases in
proportion to the increment of the number of the holes in the printed circuit
board. By the way, since the response of the galvano-scanner is about 500
pps, it is difficult to form 500 or more holes per second. Supposing that holes
with a diameter of 50 um are arranged at a pitch of 0.2 mmin a square package
board with a side length of 10 mm, the number of the holes is 2,500. In this
case, the processing time is required by 2,500/500 = 5 sec, even if the drilling
with a drilling rate of 500 holes/sec is carried out.

Accordingly, an object of the present invention is to provide a laser
drilling method that can form many holes within a shorter time compared with
known laser drilling methods.

Another object of the present invention is to provide a laser drilling

apparatus suitable for the above method.



3 Di'sclosure of Invention The present invention is a laser drilling nethod

for.’carrying out drilling by irradiating a workpiece with a I aser beam
froma |aser oscillator. According to an aspect of the present invention,
inthe 'drilling nmethod, the laser beamis projected traveling through a

-polygon mrror, a mask having a mask pat3tern including a plurality of
hol es for defining a processing pattern,” at | east one galvano-mrror, and
a processing lens. The polygon mrror sweeps the |aser beam so that the

| aser beamDisslosuradidaventism Pl urality of holes in the mask to thereby
formng a plurality of holes into the workpiece. An irradiation region of

the | aser beam ofThe prasemtdn@ntireisisslass cf]riilih?i? HbtﬁMf&%érﬂi&@@gérﬂig)q?g the

at |east one galvano-mrror. In a laser d i ng nethod-a

anot her aspydrraditinga workpiste withadaserdean e asaserremaicr. PAGLSH: .
traveling through a shaping optical systemfor shaping the |aser beaminto

a line or teanasgeet ofthpdresent invention, iretherdrillinghaetiva, aherksler bahireisn
including a plurglity of holes for defining a processing pattern, at |east
one gal vaan‘ﬁ??'ﬁe riravigling dhrieugbeaseeligon enieor, Bpaskblyiggra miask pattemeeps t he

| aser beam so t.hat the |lasgr beam scans across the lurality of hol es in
t he mask tB‘C? g gy pPlgeli eiei'%i? ffdsﬂfimnggaarqnmmgp &N, aldeast onent o0 t he
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the laser oscillator and the workpiece. The | aser beam
osci | | at or oNe gapamoeireat. ont o t he wor kpi ece traveling through these
conponents. The In a laser drilling method according to another aspect of the present

invention, the laser beam is projected traveling through a shaping optical

system for shaping the laser beam into a line or rectangle, a polygon mirror, a

mask having a mask pattern including a plurality of holes for defining a

processing pattern, at least one galvano-mirror, and a processing lens. The

polygon mirror sweeps the laser beam so that the laser beam scans across the

plurality of holes in the mask to thereby collectively forming a plurality of holes

into the workpiece. An irradiation region of the laser beam is shifted in one

axis direction by the at least one galvano-mirror.

According to the present invention, a laser drilling apparatus for carrying

out drilling by irradiating a workpiece with a laser beam from a laser oscillator is

provided. In the drilling apparatus, a polygon mirror, a mask having a mask

pattern including a plurality of holes for defining a processing pattern, at least

one galvano-mirror, and a processing lens are arranged between the laser

oscillator and the workpiece. The laser beam from the laser oscillator is

projected onto the workpiece traveling through these components. The

polygon mirror sweeps the laser beam so that the laser beam scans across the



' gon mrror sweeps the |aser beamso that the | aser beam scans across
“Fﬁgxg plurality of Eoles in the mask to thereby formng a plurality of
holes into the workpiece. An irradiation region of the |aser beamis
shifted in one axis direction by the at |east one galvano-nirror. In a
-laser drilling apparatus according to another aspect of the present .

I nvention, a shaping optical systemfor %haplng the |aser beaminto a line
or rectangle, a polygon mirror, a mask having a nask pattern including a
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region of the laser beam onto the workpiece is shifted by other one of the

galvano-mirrors in the direction which is orthogonal to the one axis direction.

In the laser drilling apparatus according to the above-mentioned other
aspect, a masking mechanism is preferably arranged in an optical path between
the laser oscillator and the mask to avoid the irradiation of the laser beam

during shifting the irradiation region of the laser beam.

Brief Description of the Drawings

Fig. 1 is an illustration showing a configuration of a laser drilling
apparatus according to a first embodiment of the present invention.

Fig. 2 shows examples of a cross-section of a laser beam and a mask
pattern used in the apparatus shown in Fig. 1.

Fig. 3 is an illustration showing an example of a processing pattern
formed by using the apparatus shown in Fig. 1.

Fig. 4 is an illustration showing an example of a multiple printed circuit

board to be processed by using the apparatus according to the present
invention.



: : : : : : : | aser
invention. 5 Fig. 5is an illustration show ng a configuration of a
”hprP}ng appargtus according to a second enbodi ment of the presentsin
invention. Fig. 6 is an illustration show ng an exanple of a grpcesn g
pattern formed by using the apparatus shown in Fig. 5 Fig. If a
~illustration showing a configuration of a laser drilling apparg ui
according to a third enbodi nent of the pbPesent invention. Fig. S 3m§n e
exanpl es of a cross-section of a |aser beam and a mask pattern used i
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formed by using the apparatus shown in Fig. 7.
Fig. 10 shows a beam profile of a laser beam used in the present
invention and cross-sectional shapes of the laser beam through a shaping
optical system shown in Fig. 7.
Fig. 11 is illustrations for describing a method in the case that the
process is carried out with a rectangular laser beam in the apparatus shown in
Fig. 7 in which a processing region is divided into four regions.
Fig. 12 is an illustration showing a configuration of a laser drilling
apparatus according to a fourth embodiment of the present invention.

Fig. 13 is an illustration showing an example of a processing pattern
formed by using the apparatus shown in Fig. 12.

Best Mode for Carrying Out the Invention

Referring to Figs. 1 to 3, a laser drilling apparatus according to a first
embodiment of the present invention will now be described. Here, the |
description will be made with respect to the case that the drilling is carried out to
aresin layer of a printed circuit board. This apparatus includes a laser
oscillator 10, a polygon mirror 11, a mask 12, an optical lens 13, reflective

mirrors 14 and 15, a galvano-mirror 16, and a processing lens 17, arranged in



Aarrors 14 and 15, a galvano-mrror 16, and a processing lens 17, arranged
"'imnrj'rGOt f]at order. The grocessi ng lens 17 is also called an fO lens. These
are configured so that a | aser beam fromthe | aser oscillator 10 passes
through the' above conponents in that order and is incident on a workpiece,
-i.e., aprinted circuit board 20. The polygon mrror 11, as is well known,
is a polyhedral reflecting mrror that thas reflecti ng mrrors at sides of
a regul ar polygon and can rotate around a central axis. The polygon mrror
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that the | aeuit beard 2@.ans these hol es 12a of the mask 12 for each mirror.
During this operation, the galvano-mirror 16 is stopped. As a result, a
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Fig. 2(a) shows a cross-sectional shape of the laser beam incident on the
polygon mirror 11.  The polygon mirror 11 sweeps the incident laser beam so
that the laser beam scans these holes 12a of the mask 12 for each mirror.
During this operation, the galvano-mirror 16 is stopped. As a result, a plurality
of holes corresponding to the holes 12a of the mask 12 are collectively formed
into the printed circuit board 20.
In cases such as drilling apparatuses with ultraviolet laser beams, since
the laser beam produced by wavelength conversion of fundamental waves from
YAG laser oscillators is used, the laser output becomes small. In such cases,
holes are formed one by one.
Fig. 3 shows a processing pattern of the holes formed in the printed
circuit board 20. A plurality of holes 20a are collectively formed in one
irradiation region delimited by broken lines for each mirror of the polygon mirror
11.
As is well known, the galvano-mirror 16 is that the reflective mirror can
be rotated by a rotary drive mechanism such as a motor. The galvano-mirror

16 can reflect the laser beam incident on the reflective mirror toward a desired

position. In this embodiment, the galvano-mirror 16 is used for shifting the



6 ¢ flect the | aser beamincident on the reflective mrror toward a
*égsﬁﬁgdreposition. In this enbodi ment, the galvano-mrror 16 is used forion
shifting the 7 region irradiated with the | aser beam (the processing reg
for every irradiation) on the printed circuit board 20 in one axis
-direction. Here, the galvano-mrror 16 is used for shifting the y
irradiation region in the direction orthogonal to the scanning dhrgrl!on
(shown by a solid line in Fig. 3) by the polygon mrror 11. The drilling
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board 20. nglvtanI):smirror 16 that is a fixed condition, and the processing lens 17. As a

result, a plurality of holes 20a having a predetermined shape and number

defined by the holes 12a of the mask 12 are . formed into the printed circuit

board 20.

Next, the galvano-mirror 16 slightly rotates, the shift of the irradiation
region of the laser beam is carried out. As a result, the laser beam incident on
the subsequent reflective mirror of the polygon mirror 11 is swept as described
above and scans the mask 12. The laser beam traveling through each hole
12a of the mask 12 is continuously incident on the subsequent irradiation region
of the printed circuit board 20 via the reflective mirrors 14 and 15, the galvano-
mirror 16 that is the fixed condition, and the processing lens 17. As a result,
the plurality of holes 20a having the predetermined shape and the number
defined by the holes 12a of the mask 12 are formed into a region adjacent to
the precedent irradiation region on the printed circuit board 20. By this
operation is repeated, plural rows of holes 20a, each row having the number

defined by the holes 12a of the mask 12, are continuously formed into the
printed circuit board 20.



peration is repeated, plural rows of holes 20a, each row having the nunber
"lggﬁir‘ﬁfadoby t he Iﬁol es 122 of the mask 12, are continuously forned into the
printed circuit board 20. 8 The above- mentioned operation is based on a
case in which the laser oscillator 10 continuously generates the |aser
- beam In some cases, the required drilling for the printed circuit board
20 may not be conpleted by a single !rraadl ation of the laser beam 4
dependi ng on the thickness of the resin layer of the printed circuit boar

~20. In th a e ' of Lirradiations of the |aser
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the pulsed |aser beamis controlled so as to coincide wth a scanni
period for of theprintedeircalf board 26. nirsthes@ caBys s ptadedemnihel duntbriRgr | od of
the galvang- mrror 16 as sane with the above descrl_ptlgn_, one hole is
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hol es per second. In contrast, since the scanning rate b on

mrror is lasegoséilatontDygeriesatestdwulsse idserbeam, b geHeraton pEribdfor thse"

oscillator p&l%egeléseerrrgeg%s is controlled so as to coincide with a scanning period for
each hole 12a in the mask 12. By setting a rotation period of the galvano-
mirror 16 as same with the above description, one hole is irradiated with a
plurality of pulsed laser beams. Such an operation can be applied to the
subsequent second to fourth embodiments.

The scanning rate of the laser beam by the polygon mirror 11 is
significantly higher than the scanning rate of the galvano-mirror 16. Therefore,
the drilling rate of this apparatus is significantly higher than the drilling rate for
every hole using the X-Y scanner or galvano-scanner. As described before,
since the galvano-mirror has a following response of about 500 Hz only, if the
holes are formed one by one, the limit formation rate is about 500 holes per
second. In contrast, since the scanning rate by the polygon mirror is
significantly high, the oscillation frequency of the laser oscillator 10 determines
the limit of the processing rate. If the oscillation frequency of the laser
oscillator 10 is 2 kHz, it will be possible to achieve a processing rate of about
2,000 holes per second. In this case, for example, supposing that 2,500 holes

with a diameter of 50 um are formed on a square package substrate with a side



“he 1Tim he processing rate. If the oscillation frequency of the |aser
'“gggf}:glgrogotis 2 kHz, itgmﬁll be possible to achieve a processing rate of
about 2,000 hol es per second. In this case, for exanple, supposing that
2,500 holes® with a dianeter of 50 mare formed on a square package
. substrate with a side 9 length of 10 nmat a pitch of 0.2 m”m the _
processing tine is about 2,500/2,000 :.%725 seconds. In addition, since

the size of the processing lens 17 is limted, the region in which holes
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reference to Figs. 5 and 6, a |ase g appar

second emboperation, fthe printedesimuit boavsuoii@rrho%bbed}q%*aﬁnmgsfﬁf pJ%Ed- Here, the
description will be nade with respect the case that the drilling is

performed Bébsequent segianicanaot e perorprednt &or the eadsond &R BrintdlichcaRPar at us
's that t hgogreJ éoe fst ;IJI\altged on a table 30 (Fig. 1) which is driven by a drive mechanism

called an X-Y stage mechanism and which is movable in X and Y axes. The

table 30 has a chucking mechanism for the printed circuit board 20, After the

drilling for one processing region 21, the table 30 moves the subsequent

processing region beneath the processing lens 17.  Such a control is

performed with a controller not shown in the drawing. Since the X-Y stage

mechanism, the table, and the controller are well known, further description

thereof is omitted.

With reference to Figs. 5 and 6, a laser drilling apparatus according to a
second embodiment of the present invention will now be described. Here, the
description will be made with respect the case that the drilling is performed to
the resin layer of the printed circuit board. This apparatus is that the reflective
mirror 15 shown in Fig. 1 is substituted by a galvano-mirror 16A, and that the
other configurations are the same as those in the embodiment shown in Fig. 1.
As described before, the galvano-mirror 16 is used to shift the region irradiated
with the laser beam on the printed circuit board 20 in one axis direction

(hereinafter, this will be called as X-axis direction). On the other hand, the



irror 15 shown in Fig. 1 is substituted by a galvano-nmirror 16A, and that
"?L;roother configurat?ons are the same as those in the enbodlnenhlfhorﬂ I n
Fig. 1. As described before, the gal vano-mirror 16 is used to s |dt20 e
regionirradiated with the |aser beamon the printed circuit boar in
- one axis direction (hereinafter, this will be called as X-axis direction).
On the other hand, the 10 galvano-nirroFO;GA is used to shift the reﬁlon
irradiated with the | aser beamon the printed circuit board 20 in the
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regi on on toR@egrinte e printed circwibboard20. By
Next, the galvano-mirror 16 slightly rotates, the shift of the irradiation

region of the laser beam is carried out in the X-axis direction. As a result, the
laser beam incident on the subsequent reflective mirror of the polygon mirror 11
is swept as described above and scans the mask 12. The laser beam traveling
through each hole 12a of the mask 12 is continuously incident on the
subsequent irradiation region of the printed circuit board 20 via the reflective
mirrors 14 and 15, the galvano-mirrors 16A and 16, and the processing lens 17.
As a result, the plurality of holes 20a having the predetermined shape and the
number defined by the holes 12a of the mask 12 are formed into the region
adjacent to the preceding irradiation region on the printed circuit board 20. By
this operation is repeated, plural rows of holes 20a, each row being defined by
the holes 12a of the mask 12, are continuously formed into the printed circuit
board 20 in the X-axis direction as shown in Fig. 6. The range XL of the
processing region in the X-axis direction is determined by the size of the

processing lens 17.



hi s ion is repeated, plural rows of holes 20a, each row being
Igg;?hggegst t he holeg 12a ofpthe mask 12, are continuously forned |ntoTLhe
prihted circuit board 20 in the X-axis direction as shown in Fig. 6. deb
range XL of ‘the processing region in the X-axis direction is determ ned by
-the size of the processing lens 17. 11 bet, t he galvano-n1rrorh;$A gin
slightly rotates, the irradiation regloﬁ of the laser beamis shifte flth
the Y-axis direction. The shifting distance corresponds to the size o e
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As described above, by providing the galvano-mirror 16A for the shift in
the Y-axis direction, as shown in Fig. 6, plural rows of holes, each having a
plurality of holes 20a defined by the holes 12a of the mask 12, are continuously
formed in a plurality of regidns adjacent to each other.

With reference to Figs. 7 and 8, a laser drilling apparatus according to a
third embodiment of the present invention will now be described. Here, the
description will be made with respect to the case that the drilling for the resin
layer of the printed circuit board is performed. This apparatus is that the mask
12 shown in Fig. 1 is substituted by another mask 41, and that a shaping optical
system 42 and a masking mechanism 43 are arranged on the optical path
between the laser oscillator 10 and the polygon mirror 11, the other
configurations are the same as those in the embodiment shown in Fig. 1.

As shown in Fig. 8(b), the mask 41 has a mask pattern in which many
holes 41a having the same shape are formed into a matrix with a constant pitch
in a square area. However, this is merely one example and is not limited by
such a pattern. The shaping optical system 42, as described later, is for

changing the cross-section of the laser beam from the laser oscillator 10 into a



' i ions are the same as those in the enbodi ment shown in Fig. 1. As
,_ggg%g%a}:ig' 8(b), the mask 41 has a mask pattern in which many holes 41
a havi ng' the sane shape are formed into a matrix with a constant pitch in
a square area. However, this is nerely one exanple and is not linmted by
-such a pattern. The shaping optical system42, as described later, is for
changi ng the cross-section of the |aser 1Beam f romthe laser oscillator 10
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(Fig. 10(b}he linear laser beam with a width of one-tenth to several mm and a length of
several cm. On the other hand, when a fly-eye lens is used instead of the
cylindrical lens, the laser beam having the circular cross-section can be shaped
into a rectangular laser beam having a rectangular cross-section as shown in
Fig. 10(c). In this case, a side length of the beam cross-section is about
several mm.

Fig. 8(a) shows the cross-sectional shape of the laser beam shaped
into the linear shape. The size in the longitudinal direction of the laser beam is
made somewhat larger than the longitudinal size of the mask 41 shown in Fig.
8(b). The description will be made in the case that the drilling is performed by
using the linear laser beam (Fig. 10(b)).

The polygon mirror 11 sweeps the linear laser beam so as to scan
across the entire mask pattern having plural rows of holes 41a of the mask 41
for the mirror on every face of the polygon mirror 11.  During this operation, the
galvano-mirror 16 is stopped. As a result, a plurality of holes having plural
rows defined by the mask pattern of the mask 41 are cdllectively formed into an

irradiation region of the printed circuit board 20, shown by broken lines in Fig.9.



he n mrror 11 sweeps the linear | aser beamso as to scan across
m:ggllygg mask pattern ha\F/)i ng plural rows of holes 41 a of the mask 41
for the mrror on every face of the polygon mirror 11. During thlsl_ f
operation, the galvano-mirror 16 is stopped. As a result, a pl urka4|1tyrg
-hol es having plural rows defined by the nask pattern of the masl _?
collectively fornmed into an irradi aftlor5|-3reg| on of the printed ci gcyl t
board 20, shown by broken lines in Fig.9. 13 The galvano-mrror 16 is to
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fixed condition, and the processing lens 17. As a resu he  plurality of
hol es 20a QE¥GassINGIpNns 17. As aresult, a plurality of holes 20a defined by the mask
pattern of the mask 41 are collectively formed into the printed circuit board 20.
Next, the galvano-mirror 16 slightly rotates, the shift of the irradiation
region of the laser beam is performed. As a result, the laser beam incident on
the subsequent reflective mirror of the polygon mirror 11 is swept as described
above and scans the entire surface of the mask 41. The laser beam traveling
through each hole 41a of the mask 41 is continuously incident on the
subsequent irradiation region of the printed circuit board 20 via the reflective
mirrors 14 and 15, the galvano-mirror 16 that is presented at a fixed condition,
and the processing lens 17. As a result, the plurality of holes 20a defined by
the mask pattern of the mask 41 are formed in a region adjacent to the
precedent irradiation region on the printed circuit board 20, By this operation is
repeated, plural rows of holes 20a defined by the mask pattern of the mask 41
are continuously formed onto the printed circuit board 20 as shown in Fig. 9.
Next, the drilling will be described in the case that a rectangular laser

beam is used instead of the linear laser beam. In the laser drilling apparatus in

such a case, since the rectangular laser beam has a cross-section having a



the mask pattern of the mask 41 are formed in a region adjacent to the
’ 'pré:cédent irradiation region on the printed circuit board 20. By this
operation is repeated, plural rows of holes 20a defined by the mask
pattern of the mask 41 are continuously formed onto the printed circuit

; : L : . in the

- board 20 as shown in Fig. 9. Next, the grlll!ng will be described in
case that a rectangular |aser beamis 8cd instead of the linear |aser
beam In the laser drilling apparatus in such a case, since the
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In addition, a reduced number of holes are depicted in the mask
patterns shown in Figs. 2(b) and 8(b); however, in an actual mask, many
microholes are formed at a narrower pitch.

By the way, in the third embodiment, the shift of the irradiation region by
the galvano-mirror 16 shown in Fig. 9 and Fig. 11 requires a certain time,
although the certain time is significantly short. During the shift, the laser
oscillator 10 continues the oscillation. Therefore, if the laser beam generated
during the above-mentioned shift is incident on the polygon mirror 11, a plurality
of holes may be formed in an undesired region on the printed circuit board 20
through the mask pattern of the mask 41 or 41".

The masking mechanism 43 is for preventing the above-mentioned
problem. The masking mechanism 43 serves so as to turn the laser beam
from the shaping optical system 42 from an incident path of the polygon mirror
11 to another path during the above-mentioned shift. A simple example of the
masking mechanism 43 is realized by a combination of a rotatable refliective

mirror and a target member. In a normal state, the rotatable reflective mirror



ol es may be formed in an undesired region on the printed circuit board
"gg'hghsoughythe mask pattern of the mask 41 or 41'. The maski ng nechani sm
43 is for preventing the above-nentioned problem The maski ng nechani sm 43
serves so as to turn the |laser beam fromthe shaping optical system 42
- froman incident path of the polygon mirror 11 to another path during the
above-nentioned shift. A sinple exanplelﬁf the masking mechanism43 is
realized by a conbination of a rotatable reflective mrror and a target
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apparatus substitutes a galvano-mirror 16A for the reflective mirror 15 shown in

Fig. 7, and the other configurations are the same as those in the embodiment

shown in Fig. 7. As described before, the galvano-mirror 16 is used to shift the

irradiation region of the laser beam onto the printed circuit board 20 in the X-

axis direction. On the other hand, the galvano-mirror 16A is used to shift the

irradiation region of the laser beam onto the printed circuit board 20 in the Y-

axis direction.

The drilling by the linear laser beam will now be described. When the

linear laser beam from the shaping optical system 42 is incident on one

reflective mirror of the polygon mirror 11, the incident laser beam is swept by

the rotation of the reflective mirror and scans the entire surface of the mask 41.

The laser beam traveling through each hole 41a of the mask 41 is continuously

incident on a predetermined irradiation region 20A ofthe printed circuit board 20

via the reflective mirrors 14 and 15, the galvano-mirror 16 that is presented at a

fixed condition, and the processing lens 17. As a result, a plurality of holes

20a defined by the mask pattern of the mask 41 are collectively formed into the



he drilling by the linear |aser beamw |l now be described. Wen the
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direction. An operation simlar to ove IS repeated,
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gal vano-mrror 16 is optposi_t e to that in the above operation. S neans
that the gifi delaenined-hy hecsize) obthesprocessing lens 17.

Next, the galvano-mirror 16A slightly rotates, the irradiation region of
the laser beam is shifted in the Y-axis direction. The shifting distance
corresponds to the size of the irradiation region of the laser beam in the width
direction. An operation similar to the above is repeated, but the shift direction
of the irradiation region of the laser beam by the galvano-mirror 16 is opposite
to that in the above operation. This means that the galvano-mirror 16 rotates
in a direction opposite to that in the above operation, in other words, the
galvano-mirror 16 rotates so that the position rotated by a given angle returns to
the original position. Of course, the range in the Y-axis direction of the
processing region is also determined by the size of the processing lens 17.

As described above, by providing the galvano-mirror 16A for the shift in
the Y-axis direction, as shown in Fig. 13, plural rows of holes 20a defined by the
mask pattern of the mask 41 are continuously formed in a plurality of regions
adjacent to each other.

In the fourth embodiment, when the drilling is performed by using the

rectangular laser beam, the drilling for each irradiation region 20A, 20B, and



i'n a direction opposite to that in the above operation, in other words, the
“galvano-mrror 16 rotates so that the position rotated by a given angle
returns to the original position. O course, the range in the Y-axis
direction of the processing region is also determ ned by the size of the

. processing lens 17. As descri bed above,liy provi di ng the gal vano-mrror 16A
for the shift in the Y-axis direction,~as shown in Fig. 13, plural rows of
hol es 20a defined by the nask pattern of the nask 41 are continuously
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according to the present invention Is suita ing of printed
circuit bomateriarstichesea cetanisuch as ceramic thin plates used as insulating

The present invention, as described above, provides the laser drilling
method and the laser drilling apparatus, which can form many holes within a

short time compared with known laser drilling apparatuses.

Industrial Applicability

As described abové, the laser drilling method or the laser drilling
apparatus according to the present invention is suitable for drilling of printed
circuit boards and materials such as ceramic thin plates used as insulating

materials in electronic components, for example, capacitors and piezoelectric
elements.



materials in electronic conmponents, for exanple, capacitors and

" piezoelectric elenents. 18 CLAIMS 1. A laser drilling nmethod for carrying
out drilling by irradiating a workpiece with a |aser beamfroma | aser
oscillator, wherein said | aser beamis projected traveling through a

pol ygon mrror, a mask having a mask pai&ern including a plurality of

hol es for defining a processing patterny~at | east one galvano-mrror, and
~a processing lens, said polygon mrror sweeps said | aser beam so that said
| aser beam scans across the pluralitycpANjgl €s in said mask to thereby
formng a plurality of holes into said workpi ece, and an irradiation region
of said | aser beamonto said workpiece is shifted in one axis direction by
said at |east one galvano-mrror. 2. The laser drilling method according

to clai-m 1, wher@&i nAlaeer drllingmethod ferearfjirg BLONINGS by ¥P8dibRcg kY F adi ati on
region of said |aser beamonto said V\orkg{r{?ce S gﬁéljf?,edgﬁgﬁﬁ%g of the
gal vano- i MogkRiece Withe lases baamdromanlasehosaillatbs itierel sdit aseramizpmiof t he

| aser beam ontg aﬁu d ﬁorlﬁ?i ece is shifted by other one of the
gal vano- ni Pfigetef iravging threbgh grpalygemmiror etmaglohavinga swisk patern axi s

di tion.; BN t hod, f ' t drilli b
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For shap ng RO R brkds oMol ol bRlHon gy SaRne At Ber T or
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o ocesat ng e pthab SaldiaSer béh YChAS afrdlsthd ik of HOIcS incssid s tene,
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across the Tpl urality of holeS in said mask to ere

a pl ural i t9f sid hadesbeam ontorsald warkpibes fs siffigd iond HxRAARRA HyEGiq At Of
said | aser beamis shifted in one axis direction by sach at
least one galvano-mirror.

2. The laser drilling method according to claim 1, wherein two
galvano-mirrors are provided, and the irradiation region of said laser beam onto
said workpiece is shifted by one of the galvano-mirrors in one axis direction
while the irradiation region of the laser beam onto said workpiece is shifted by
other one of the galvano-mirrors in the direction which is orthogonal to said one
axis direction.

3. A laser drilling method for carrying out drilling by irradiating a
workpiece with a laser beam from a laser oscillator, wherein said laser beam is
projected traveling through a shaping optical system for shaping the laser beam
into a line or rectangle, a polygon mirror, a mask having a mask pattern
including a plurality of holes for defining a processing pattern, at least one
galvano-mirror, and a processing lens, said polygon mirror sweeps said laser
beam so that the laser beam scans across the plurality of holes in said mask to
thereby collectively forming a plurality of holes into said workpiece, and an

irradiation region of said laser beam is shifted in one axis direction by said at

least one galvano-mirror.



'east one galvano-mirror. 19 4. The laser drilling nethod according to
“c¢laim3, wherein two galvano-mirrors are provided, and the irradiation
region of said |aser beamonto said workpiece is shifted by one of the

gal vano-mirrors in one axis direction while the irradiation region of said
- | aser beam onto said workpiece is shift by other one of the _

gal vano-mirrors in the direction which I's orthogonal to said one axis
~direction. 5. The laser drilling method according to either claim3 or 4,

wherein, by arrangThe serasiingamateiaiaiding 1621shtd, sHerB et veen sai d
| aser oscillator and said nask, the irradiation of said | aser beamis

avoi ded dugalvano-stitrbts arp provided; adddhe dmadiatiororegién spsgid lasebdmabntd. A

llaser drilling apparatus for carrying out drilling by irradi ating a
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mrror, a k. having a mask pattern including a plurality o ol es for

def i ni ng a%f%ﬁ@s%ﬂ%tmr@em of-gaid ézser beam gatosaid werkpiece lSazhiﬁad 3y
rocessing_lens are arranged between said | aser oscillator and sai
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said \/\orkp%}@gggwﬁel I ng through these conponents, said polygon mrror

sweeps sai am so that the | aser beam scans across the plurality

of ol es 11 sal & ke et BRIARILACH Aot BbSYclln oI5 SulelbR, 2.0,

wor kpi ece, and an irradiation gron of sail

axi s di r ey aftangigeirihshing Macharis i_ﬁadnvéﬁti?:‘aggffh%etwéen% lggpr drilling

apparatus according to claim6, wherein two vano-mrrors are provided,
and the i rosoillatdr and saidi masiofthe aradiatise of Baidmassrkeans deiﬁédfﬂbﬂﬁg ][ﬁ
e

shifted by one of the galvano-mrrors in one axis direction whil
i rradi at i oghittiagitbe irsadiationi regigr of sahiaser beami d wor kpi ece is shifted by

6. A laser drilling apparatus for carrying out drilling by irradiating a
workpiece with a laser beam from a laser oscillator, wherein:

a polygon mirror, a mask having a mask pattern including a plurality of
holes for defining a processing pattern, at least one galvano-mirror, and a
processing lens are arranged between said laser oscillator and said workpiece,
the laser beam from said laser oscillator being projected onto said workpiece
traveling through these components,

said polygon mirror sweeps said laser beam so that the laser beam
scans across the plurality of holes in said mask to thereby forming a plurality of
holes into said workpiece, and

an irradiation region of said laser beam is shifted in one axis direction
by said at least one galvano-mirror.

7. The laser drilling apparatus according to ciaim 6, wherein two
galvano-mirrors are provided, and the irradiation region of said laser beam onto
said workpiece is shifted by one of the galvano-mirrors in one axis direction
while the irradiation region of said laser beam onto said workpiece is shifted by
other one of the galvano-mirrors in the direction which is orthogonal to said one

axis direction.



dther one of the galvano-nmirrors in the direction which is orthogonal to
"said one axis direction. 20 8. A |aser drilling apparatus for carrying out
driiling by irradiating a workpiece with a |aser beamfroma |aser
oscillator, ‘wherein: a shaping optical systemfor shaping said |aser beam
-into a line or rectangle, a polygon mpror, a mask having a mask pattern
including a plurality of holes for deffhing a processing pattern, at |east
one galvano-mrror, and a processing |lens are arranged between said | aser

' illator and sa@id PUHANA S8 : .osci || at or
gZ?Ing gr gjr ected gnt é\l\ﬂgibddﬁm. &pgggathtfcgrvce ﬁ'ﬁ’l@%ﬁ?ﬂg@ gxiﬁﬁémﬁ)énents,
sai d pol ygworkpiece withve trser daarh fremed Ié%@ﬁﬁbéiﬂatbh%h%ﬂéﬁ:'aser beam scans

across the plurality of holes in said nmask to thereby collectively forning

a plurality of RAshapingopticaiisysten fopishapingesild #serbead ato 8Mlneey on of
said | aser beamis shifted in one axis direction by said at |east one
gal vano- ni fé@angdle, apalygamsmirrer aimasichappaaahask patterndholgding £ pRirafit$.
wherein twy | van -{_n'_rrors are provided, and the irradiation region of
said | aser OBBE%SJHE ge IRg & RIGERSSIG Patterns iat faast obg gatvanotmirkar, and a

Paser beanP el ARG 57k i anei Debtipen Sacgserslistorand saidorkpioce,
i et on. b ese BepCioin 2id |4¥0r 8ok iatok Belio ittt gniosas wekbiess: m 8 or
aser osci 1o e o 3" he 1 v adi ati on of said | aser beam
during shiftingsaiaedlygatmirorsweds $41d Mser Yedinh 85 Hattfié Bser beam
scans across the plurality of holes in said mask to thereby collectively forming a
plurality of holes into said workpiece, and
an irradiation region of said laser beam is shifted in one axis direction
by said at least one galvano-mirror.
9. The laser drilling apparatus according to claim 8, wherein two
galvano-mirrors are provided, and the irradiation region of said laser beam onto
said workpiece is shifted by one of the galvano-mirrors in one axis direction
while the irradiation region of said laser beam onto said workpiece is shifted by
other one of the galvano-mirrors in the direction which is orthogonal to said one
axis direction.
10. The laser drilling apparatus according to either claim 8 or 9,
wherein a masking mechanism is arranged in an optical path between said
laser oscillator and said mask to avoid the irradiation of said laser beam during

shifting the irradiation region of said laser beam.



