DESCRI PTI ON *@00002* LASER DRI LLI NG METHOD AND APPARATUS Techni cal

‘The present invention relates to a nmethod and an apparatus for drill .
in which works such as printed circuit boards and ceramc sub‘ﬂmlﬁﬂmwmﬁm :
irradiated with laser light froma |aser oscillator. Backgrou

trends toward mniaturization and hi gh-density nounting of

conmponents, high density is required for printed circuit boards. For
exanple, an interposer is known as a printed circuit board fowwﬂmmm,m

mounting LSI chips. Al though bondi uch LSI chips a
I nt erposer has been primarily perf@%ﬁlﬁmer bondi ng processes
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flip-chip mounting tends to increase. Furthermore, the nunber of dB‘fo?fé I n

gackages is rapidly increasing. Wth such trends, hol es having small
laneters with fine pi Iyl i I ovided in the

| nt erposer. Though suc%gr%ﬁ P%‘E‘ﬁ%ew\gmdgpoﬁngﬂ'?gﬁ%c ani cal machi

process using a fine nmechanical drill or by an exposure (photo-via) -

process, laser light is being used recently. A drilling apparatus usi

ng

| aser |ightreéinicalUmeld or to nechani cal machining using fine drills in view
poi nts of processing rate and ready formng fine holes. As |aser |ight,
C02 | aser and hafperpreserstdhvehtionaetatesitea raetbod amerar apparatss foetasese of a
| ow price of the laser oscillator and reduced operation costs.

drill in which works such as printed circuit boards and ceramic substrates are

irradiated with laser light 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 packaging by
mounting LS| chips. Although bonding between such LS| chips and the
interposer has been primarily performed by wirer bonding processes, flip-chip
mounting tends to increase. Furthermore, the number of pins in packages is
rapidly increasing.

With such trends, holes having small diameters with fine pitches, called
via holes, must be provided in the interposer.

Though such drill has been performed by a mechanical machining
process using a fine mechanical drill or by an exposure (photo-via) process,
laser light is being used recently. A drilling apparatus using laser light is
superior to mechanical machining using fine drills in view points of processing
rate and ready forming fine holes. As laser light, CO, laser and harmonic
solid-state laser are generally used because of a low price of the laser oscillator
and reduced operation costs.

Drill by a known laser drill apparatus is as follows. A laser beam from

a laser oscillator is introduced to an optical scanning system having a biaxial



Drill by a known laser drill apparatus is as follows. A laser beamfrom a
«laser- oscillator is introduced to an optical scanning system having a

bi axi al * 2 gal vanoneter mirror called an X-Y scanner or gal vanoscanner via
an optical path including a reflecting mrror and the |ike. The optical
scanni ng system scans the | aser beam and introduces the beamon a printed
circuit board through a processing | ens2(for exanple, Japanese Unexam ned
Pat ent Publication No. 10-58178). Since positions of holes to be forned in
the printed circuit board are pr&lji m nariI\é determ ned, the ogthcal
scanni ng sgaivarpmeterdniriasicelied an or BGGNen0E BRIVARPIFARRET ¥id MOPHC! hosi ti ons
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board with a 0 e nunber of the holes is 2,500. In this case,

the procesgirfwit bbare dreqiteliramarity detffinedDtie Spthatsednranglsysterist e of 500
hol es/ sec. Accordingly, an object of the present invention is to provide a

met hod f or coatsellediacddrdinigao thaimféronatiameory tHeopesitians ofi these Siotast totforre
conpared with known | aser drilling methods. Another object of the present

i nvention helesong bypoe. a met hod for laser drill that can sel ect an
appropriate processing pattern for a workpiece. Still another object of the
present invention is to provide an apparatus for laser drill suitable for

the above gRLNOGis to be solved by the Invention

However, in the one-by-one drill using the optical scanning system
having the X-Y scanner or galvanoscanner, the operation time increases in
proportion to the number of the holes in the printed circuit board. Since the
response of the galvanoscanner is about 500 pps, it is difficult to form 500 or
more holes per second. Suppose that holes with a diameter of 50 um are
arranged at a pitch of 0.2 mm in a square package board with a side of 10 mm,
the number of the holes is 2,500. In this case, the processing time required is
2,500/500 = 5 sec at a drill rate of 50'0 holes/sec.

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

Another object of the present invention is to provide a method for laser
drill that can select an appropriate processing pattern for a workpiece.

Still another object of the present invention is to provide an apparatus

for laser drill suitable for the above method.



3 Disclosure of Invention The present invention is a laser drilling nethod
for carrying out the drilling by irradiating a workpiece with laser |ight
froma laser oscillator through a mask having a predeternined mask pattern
In a first aspect of the present invention, said laser light is transforned
into laser light having a linear crosssection, and an irradiation position
of said linear laser light is fixed. Fudthernmore, said mask and said
morkg!efe are synphron?uslydnoved so that said mask passes through an
irradiation position o aid laser light while the noving direction ther
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according to the aspect, the displacenent of said mask or said

wor kpi ece irvefi8bRCiAd 1astitightie temetdrividd into laper kighitdravirlg & inean croes-
oscillator may be controlled in accordance with the detected di spl acenent.
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transforned into |aser light having a |linear cross-sectjon, said sk
o anged s aremacs, sk gk o ol nree 9 KA R B ey
L 10 o ol i s iscinde MR ME A
the drilli fePdes BH_@G“ thereqf 'ﬁ&?@%ﬁfﬁ“@?’ﬁ%ﬁﬁé %gtr i ReciBh or TR ‘m'%’?i’ﬁf ece.
an i magi ng??ﬁé'gb&%#%é&? %a%ag‘fg(gén sd;tlgydéﬂgrllﬁgigglcl&g‘,eﬁmptp:rrgjbfctﬁ 2?1913? igo
of said mas Rl d&nadlisy Sl Pradk fdte?hgs Eanied A & said workpiece.
In the laser drilling method according to the first aspect, by arranging an
imaging lens between said mask and said workpiece, the projection ratio of said
mask pattern to said workpiece can be set.
In the laser drilling method according to the first aspect, the
displacement of said mask or said workpiece is detected, and the oscillation
operation of said laser oscillator may be controlled in accordance with the
detected displacement.
In a second aspect of the present invention, said laser light is
transformed into laser light having a linear cross-section, said mask arranged at
a predetermined position is irradiated with the linear laser light. Furthermore,
said workpiece is moved in the perpendicular direction to the extending
direction of said linear laser light, so that said workpiece is scanned by the laser
light passing through said mask. Thereby, the drilling defined by said mask
pattern is carried out to said workpiece.
In the laser drilling method according to the second aspect, by
arranging an imaging lens between said mask and said workpiece, the

projection ratio of said mask pattern to said workpiece can be set.



4 In the laser drilling nmethod according to the second aspect, the

+di spl acenent of said workpiece is detected, and the oscillation operation
of said |laser oscillator nay be controlled in accordance with the detected
di spl acenent. A laser drilling apparatus according to the present invention
carries out the drilling by irradiating a workpiece with laser light froma
| aser oscillator through a mask having 4 predeterm ned mask pattern. The

| aser drilling apparatus according to a third aspect of the present
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workpiece.
The laser drilling apparatus according to the third aspect may be further
provided with a position detector for detecting the displacement of said
workpiece and a controller for controlling the oscillation operation of said laser
oscillator in accordance with the displacement detected by said position
detector.
In the laser drilling apparatus according to the third aspect, it may be
provided with a position detector for detecting the displacement of said mask in
place of the position detector for detecting the displacement of said workpiece
and a controller for controlling the oscillation operation of said laser oscillator in
accordance with the displacement detected by said position detector.

A laser drilling apparatus according to a fourth aspect of the present invention is

provided with an optical system for transforming said laser light into laser light



In the Taser drilling apparatus according to the third and the fourth
vaspects, by arranging an imaging |ens between said mask and sai d workpi ece,
the projection ratio of said mask pattern to said workpiece can be set by
said imaging lens. In addition, said optical systemcan be realized by a
honogeni zer. Said optical system may conprises a hompgeneous optical system
that hompgeni zes the energy density about the cross-section of the |aser
i ght from sai dflaser oscillator and a cylindrical lens that transforns the
cross-section of the laser |ight from.said honpbgeneous .optical teminto
a |inear shRyied al'We@ﬁﬁr%ﬁF@'gﬂmd&a]ﬂvq qeenagis IquﬁﬁoﬂBgﬁﬁgﬁ‘ﬁg%ﬁ%C%t he
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Fig. 1(a) mRenigrmrsemat shid wermpieddiiastametsy fedlaséf ightpaesmgahraign part,
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crosssection of laser light into a |iner shape by the use of a honmpbgeneous
optical syaidemorkpica. cyl i ndrical |lens shown in Fig. 1, where Fig. 2(a)

shows an energy density distribution at across-section the |a | i ght
and Fig. 2(b) shbvihetlaser ¢rilingappaietusacaorg¢ing t?ﬂ'&?\ﬁ'f'@%’é‘ﬁ%%ﬁ&ﬁk‘ F:;erl °

l i ght.
J aspects, by arranging an imaging lens between said mask and said workpiece,

the projection ratio of said mask pattern to said workpiece can be set by said
imaging lens.

In addition, said optical system can be realized by a homogenizer.

Said optical system may comprises a homogeneous optical system that
homogenizes the energy density about the cross-section of the laser light from
said laser oscillator and a cylindrical lens that transforms the cross-section of
the laser light from said homogeneous optical system into a linear shape.

In the above-mentioned laser drilling apparatus, if the mask is fixed, it
may be further provided with a position detector for detecting the displacement
of said workpiece and a controller for controlling the oscillation operation of said
laser oscillator in accordance with the displacement detected by the position

detector.

Brief Description of the Drawings

Fig. 1 shows a configuration of a laser drill apparatus according to a first
embodiment of the present invention, where Fig. 1(a) shows an overall
configuration and Fig. 1(b) shows a main part, viewed from a different angle, of

the configuration shown in Fig. 1(a).



Fig. 3 shows across-section (Fig. 3(a)) of the transforned |inear |aser
{ight and an exanpl e of the mask (Fig. 3(b)) shown in Fig. 1. Fig. 4 shows
an exanple of a nmultiple printed circuit board that is processed using the
apparatus according to the present invention. Fig. 5 shows a configuration
of a laser drill apparatus according to a second enbodi nent of the present
i nvention, where Fig. 5(a) shows an ovefall configuration and Fig. 5(b)
shows a main part, viewed froma different angle, of the configuration
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array |ens set own In 7(a). Fig. 8 is a stereoscopic isonetric view
of the honegsyalgetion e tranEﬂoﬁneB_lmEanglaser kdtaws a configuration of a laser
drill apparatus according to a third enbodi nrent of the present invention,

where Fig. 9(a) Fipgsshowoaereds-seationf(Fig.S4a)) of thentlarsfgrmed ijeatiassr a mai n
part, viewed froma different angle, of the confl‘guratl on shown in Fig.
9(a). Fig. light anthas exaopis phtheamasi (Fig. &bl))amqwrmrn ||g éppar atus according to

a fourth enbodi nent of the present jnvention, h
overal | Fig. 4 shows anpexample o*amuqttiple prlnte Gircuit t?oaré%éﬁ)lss ons an

processed using the apparatus according to the present invention.

Fig. 5 shows a configuration of a laser drill apparatus according to a
second embodiment of the present invention, where Fig. 5(a) shows an overall
configuration and Fig. 5(b) shows a main part, viewed from a different angle, of
the configuration shown in Fig. 5(a).

Fig. 6 is for describing the configuration of a homogenizer shown in Fig.
5 where Fig. 6(a) shows the configuration of the homogenizer and Fig. 6(b)
shows the configuration of one of array lens sets shown in Fig. 6(a).

Fig. 7 illustrates the configuration of the homogenizer when the state
shown in Fig. 6 is rotated by 90 degree around the axis of the homogenizer,
where Fig. 7(a) shows the configuration of the homogenizer and Fig. 7(b) shows
the configuration of another one of array lens sets shown in Fig. 7(a).

Fig. 8 is a stereoscopic isometric view of the homogenizer shown in
Fig. 5.

Fig. 9 shows a configuration of a laser drill apparatus according to a
third embodiment of the present invention, where Fig. 9(a) shows an overall
configuration and Fig. 9(b) shows a main part, viewed from a different angle, of
the configuration shown in Fig. 9(a).

Fig. 10 shows a configuration of a laser drill apparatus according to a

fourth embodiment of the present invention, where Fig. 10(a) shows an overall



7 configuration and Fig. 10(b) shows a main part, viewed froma different
-angl e, qf the configuration shown in Fig. 10(a). Fig. 11 shows the

rel ati onshi ps anong the cross-sectional shape of the |laser |ight, the nask,
and the processed pattern according to the third embodinent. Fig. 12 shows
a configuration of a laser drill apparatus according to a fifth embodi ment
of the present invention, where Fig. 121 a) shows an overall configuration
and Fig. 12(b) shows a nmain part, viewed froma different angle, of the

configuration sh ' | g. . Fig. . h ' '
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made wi th GEgRfghil (el Mgsk BRI thi(drbbesudRitiain anboding ® herthirer rying out the

drilling by irr fating a printed circui't board (workpiece) 12 with pul sed
| aser |ighgmbb@mmentl aser oscillator 10 through a mask 11 having a

predet erm ned mask pattern.

Fig. 12 shows a configuration of a laser drill apparatus according to a
fifth embodiment of the present invention, where Fig. 12(a) shows an overall
configuration and Fig. 12(b) shows a main part, viewed from a different angle, of
the configuration shown in Fig. 12(a).

Fig. 13 shows the relationships among the cross-sectional shape (Fig.
13(a)) of the laser light, the mask (Fig. 13(b)), and the processed pattern (Fig.

13(c)) according to the third embodiment.

Best Mode for Carrying Out the Invention

Referring to Fig. 1, the first embodiment of a laser drill apparatus
according to the present invention will now be described. In the embodiment,
the description will be made with regard to the laser drill apparatus which is for
carrying out the drilling by irradiating a printed circuit board (workpiece) 12 with
pulsed laser light from a laser oscillator 10 through a mask 11 having a
predetermined mask pattern.

The laser light from the laser oscillator 10 is homogenized in cross-
sectional energy density by a homogeneous optical system 13. Here, the
cross-sectional energy density is as follows. The laser light from the laser
oscillator 10 generally has a circular cross-section. In this case, the energy
density distribution at the cross-section is near the Gaussian distribution in
which the energy density increases toward the center. The homogeneous
optical system 13 transforms the laser light having such an energy density

distribution into laser light having the same energy density at every portion.



The | aser light fromthe | aser oscillator 10 is honobgeni zed in
~crosssectional energy density by a honpbgeneous optical system 13. Here, the
cross-sectional energy density is as follows. The laser light fromthe

| aser oscillator 10 generally has a circular cross-section. In this case,
the energy density distribution at the cross-section is near the Gaussian
distribution in which the energy densit® increases toward the center. The
honobgeneous optical system 13 transforns the |aser |ight having such an
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density i sis erdacyatbyan aptigalilens aodintragusedso shebundlefibers. i vEnaP¥Rde 14.
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|i ght " f r onfibers emiftagendishthaying @doragaenaaubenerghdansiyisiriopgRs ti onal
shape. Referring to Fig, 2, t | aser .ligh A honobgeneous opti cal
system 13 ﬁggthg?@ixamlg}s t@r"{??rs}-ﬁ?é’éﬂc&lne gﬂatkﬁ[[fé&gg%ggm profile shown in Fig.
2(a). The beam prot | epr.e i \HHRS dhtieanst ant
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possible to'transtforns the laser 71ight having a trapezoidal beam profile

and a ci r celiHdrivapmsSEEliaerdfietivd ateor 14.9HThdeylindgical lensdéris for
cross-sectional shape shown in Fig. 2(b). The cylindrical |ens 15 includes

a transver sransfdriminy theatrosesection of theflaaemlight fronwihet horoegenroussertical i ght
having the linear cross-sectional shape and a |ongitudinal cylindrical |ens
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| i near cross-sectiona ape transmtted fromthe cylindrical lens 15 is

fixed. when the cross-section of the laser light is observed. Here, the beam profile is
trapezoidal. By using the cylindrical lens 15, it is possible to transforms the
laser light having a trapezoidal beam profile and a circular cross-section into
laser light having a linear cross-sectional shape shown in Fig. 2(b). The
cylindrical lens 15 includes a transverse cylindrical lens 15-1 defining the width
of the laser light having the linear cross-sectional shape and a longitudinal
cylindrical lens 15-2 defining the length of the laser light having the linear cross-
sectional shape. Such a cylindrical lens 15 can form laser light having the
linear cross-sectional shape with a width of 1/10 mm to several millimeters and

a length of several centimeters.



Fig. 3(a) shows the cross-sectional shape of the |linearly shaped | aser
1ight. The size in the longitudinal direction of the laser light is set to
be slightly larger than the size in the width direction of the mask 11
shown in Fig. 3(b). The mask 11 has a mask pattern including many hol es,
whi ch define a processing pattern for the printed circuit board 12. This
mask pattern may include many holes arr8nged into an NxN matri x, or nany
hol es 11 a arranged at random as shown in Fig. 3(b). This indicates the
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mask 11 and the rAsvienaging tEnst teisfer deteamining the prsdeationrratia(scalg rRYd) (i zed

ith each other in th i i rect i “hql es defined by th K
B er a0t thhanasiCnatioae 8 BrteAUGUI poRe 1aq Fig- drabous 4 pesiectantatl boar
12. In th t i ect tiq of 1: he. g 16, th

Tovi g rat a1+ renghs et 0 piitgHontihaRd 12 I ioadRH s W . 15" s
the same asst%ﬁ%é?‘?ﬁb\%@%ﬁgoélnsk- iBEY alv-axld) Th DaFicUMthis BRboAmMERD rate

of the patte l'aser Tig the sane as the scanning rate of the | aser

light to thg cRBRdetdrized 1AWRMEA mask stdige GRAShenR ferdrdigingaindomoting:thei n whi ch
a demagni fied nask pattern is projected onto the printed circuit board 12,

t he novi ng masleantl thé evoplastagerndtarleasamchrorghusiyomotaklepr iTineasorki stage 4 7boar d
12 is three times the scanning rate to the mask 11. The controller

synchr onoustan ke maveddn tihe Xnaxik and Ao Yoaxis én thecsrine Herizentghalangdwdr k st age
drive mechani sm 25 in consideratign )}L such a di ffeFence 'kn t he m)ﬁigng

Irat es. | n SHARK %ﬁg%g,rivﬁé%@‘i*'@ﬁ“stﬁ? 2P 9"?18?“99“’8%% hﬁgﬁs ft%g%f:ifb dpul sed
n st ! ' . oy e )
| thi o cadBoved it ekl by ATAdk SEBE B ndgt i 28 oer ' gne ar e

radiated. irradi abidh i @RI HE thakltabdtiv ModMelen o8l atpsheyk i n Fi g.

2(a) partly overlap'%\;m eac is reallzed by that the noving
rate by the?tagé%vé%&&fa'r@ﬁﬁ% SFHEYNERRIN00BI dopltrelies blyrd eshtedlied (métt h a
o

plurality hots of pul sed |aser "I ight having the Iinear cross-sectional
shape. In téhgwhasConctetely, theahasiabl anditae phintedscitcuitbaard 12 arenged into a

plurality of rows to formthe nask pattern at the sane pitch and masking is
performed, $ynchearesisly snovetdn trestgppasitai diteciens by the mask stage drive

mechanism 26 and the work stage drive mechanism 25, respectively.

Specifically, the mask 11 passes through the position of the laser light

propagating from the cylindrical lens 15, and the moving direction of the mask



11 described bel ow. The region of drill for form ng nmany holes in the
;printed circuit board 12 by the above operation may be limted in sone
cases, t'hough depending on the projection ratio of the imaging lens 16. In
such a case, this region is a square area having a side of several
centineters. On the other hand, drill according to this enbodinent is
general |y perfornmed for each processi n&%r egi on of the nultiple printed
circuit board 12 including a plurality of delimted processing regions

2_ , \ H -' . : . . 9. . y .
e ove emacpanbend o SUROGE A AOEETR Bab R g e .
SR P | | , | ef or ¢
poar 0 12. |OREoBHI N SHED o, kN BTBHTS ef e (R [EFling IR IMeaRoRibel T cut !
Namel V. - afdGlohBPeifidd dddifinbf st e QFBASTHLG of 9 Ainslkril Mhellsepr i nt ed

circuit boat conpl' e work stage 17 noves the next processing

region to g@gﬂﬁﬁgﬁmgpfdgyﬂtthé%% inBeiri@eH pattdrans tHémask 1acy sech t he wor k

stage 17 are 1 ndependently driven. By the way, the above

movement Oécatrqu)réwééitm pif@idosirduithoare d 2dhoeighathe imiging lens Be ot her
hand, the laser Tight nust be inhibited fromenteri nfg t he mask 11 during

the above gperthaimowméntafthe maskatleandthe mbyement of ¥ei printed firevitious | aser
l'ight or pulsed laser light. This is realized by that the oscillation of
the | aser bsaid 128w syEhrenized pathrachqiheniy the OPReSEsERECtioRSo MAY

counternmeasure is to provide nmeans faor bypassing the laser Lidht to an
opti cal pab@leﬁfﬁﬁflﬁéﬁrhydhet"l‘\%’s‘%@@tﬁfﬂrq?é'&? Y'Faéﬁsﬁl%e @@EHUQV%%g@%'hS i s
achi eved b rort ti,n Ct.ktls re { ctive mirror 14. Nanely, the reflective
mrror 14 the PEHEA QI PPAE 1fe novenent so that the |aser light travels

toward a positi OQ,l f?\%vcita%gd}%% ?pﬂ]ﬁ&m gazsiloi SHar4 Bglthé ﬁﬂgg%,?.mﬂgwmhhg case, it

is preferable th arget I sposed at a position t he propagating
| aser i ghh]dyl’@rétﬁ%f b bé’&érlhéé [@8drTIight bA thepanted. cirbok Boarg ¢ is thef or

absorbing ti ergy of the laser light. At any rate, such operation is
cal | ed naskhf@ &'the Mmodhgaarned thednask the lamiber woisytite moving fiaie Rf ng.
the patterned laser light is the same as the scanning rate of the laser light to the
mask 11. However, in the case of a scale ratio of 3:1 in which a demagnified
mask pattern is projected onto the printed circuit board 12, the moving rate of
the patterned laser light on the printed circuit board 12 is three times the
scanning rate to the mask 11. The controller synchronously controls the mask
stage drive mechanism 26 and the work stage drive mechanism 25 in
consideration of such a difference in the moving rates.

In some cases, desired drill may not be completed by a single pulsed
laser emission step due to the thickness of the printed circuit board 12.  In this
case, for example, when three shots of pulsed laser light are radiated,
irradiation is performed such that the peak regions shown in Fig. 2(a) partly
overlap with each other. This is realized by that the moving rate by the stage is
decreased such that one hole is irradiated with a plurality of shots of pulsed
laser light having the linear cross-sectional shape. In this case, it is preferable

that holes 11a are arranged into a plurality of rows to form the mask pattern at

the same pitch and masking is performed, if necessary. The masking will be



The description of the noving rate of the patterned | aser |ight and the
-subsequent descriptions will be applied to a second enbodi nent descri bed
bel ow. Referring to Fig. 5, the second enbodi nent of the present invention
wi |l be described. In this enbodinent, in place of the honbgeneous opti cal
system 13 and the cylindrical lens 15 in the first enbodi nrent shown in Fig.
1, a honogeni zer 20 is arranged betweernlX he | aser oscillator 10 and the
reflective mrror 14. The other configurations are quite the sanme as those
in the enbodi ment shovvn in Fig. 1. The honogenizer 20 has functions both
the honogefi@gerbashb 9'@&4 system 13 and the cyli ndr| cal lens 15 and will be
described in bri

Ihom)geni tzer 20, h%P régﬁ’ﬁ‘pq £'||?&2I%U&?§E9F@"%Gyz§° %gﬁi)%gﬂ;m ta?ﬂ?@% ndTge
ens m

ens iéf oPvie MRS QPF%*&?W@ﬁi@sq@l@“ﬁ%%ﬂé%a%%pi‘@b%‘ doferdng e’ 5
that the \ &?&1’]

pl ural i tycg’?&gxﬁoigﬁﬁ?gﬁﬂgens s g??%?lggcrjlnpara ?E?é%]ghfeégg E %ﬁ?nor a?l Y,
as shown '%ré:égaV|71 éﬁ@e%ﬁ%@%ﬂaﬁ&éntﬁﬁéte?@ | OR el 8ther Wany, Hﬁlmaﬁéora% tand 22B

opposing at a |st nce so that the concave faces oppose each other, each

bei ng an i Rhie@EioAMedt isigareralp) pérforaiedfor ieadhiptadessitseiar okthged par al | el
to each other. Fig. 7 shows a state when the state shown in Fig. 6 is

rot ated by rﬁmnpllegjrme@cmcmtibcard tXinsludimgapiliratityyof delieitedagcessing sets 21
and 22 are conbined so that the extending direction of the cylindrical
| enses of tragionsr&yl,asmshay infigi 4. pAfthewgh @DQQFOQQ?StWQeTeQJQrb%%'l 1J§ direction

of the cylindrical |enses of the I t 22. At t th
array | ens dsdied bythgaoye opgratione! revraﬂ é%efgé%?sﬁ?ﬁ%rqg'm Gﬂﬁﬁ tE’%@e 4'8@ e e

homogen: zi RPORANE RIS Lo aRde AR ey nf Led¥ii MERHHES A e
function fofodf ﬁ?ﬁ%fﬁc{?e@%jt’ﬁ‘é\b E'sr'tadé1 gﬁ?orlﬂ'tﬁ\é'r{@dfxrt?ce%b groncross section

into the Iaser a |ne r cross-sectional Since the
operation f\pamefy! hﬁemwo&mmg foetﬁdﬂsro@aﬁangsegubau 2-nir tre ;ﬁmrited dirgbiodi nent ,

t he descrlptlonthereo be omtted
board 12 is completed the work stage 17 moves the next processing region to
a position right below the imaging lens 16. Of course, the work stage 17 and
the mask 11 are independently driven.

By the way, the above movement of the processing region requires a
certain time. On the other hand, the laser light must be inhibited from entering
the mask 11 during the above movement, whatever the laser oscillator 10 emits
continuous laser light or pulsed laser light. This is realized by that the
oscillation of the laser oscillator 10 is suspended during the movement.
Another countermeasure is to provide means for bypassing the laser light to an
optical pass upstream of the cylindrical lens 15. Such bypass means is
achieved by rotating the reflective mirror 14. Namely, the reflective mirror 14 is
rotated during the movement so that the laser light travels toward a position
deviating from the cylindrical lens 15. In this case, it is preferable that a target
is disposed at a position of the propagating laser light when the reflective mirror

is rotated. The target is for absorbing the energy of the laser light. At any

rate, such operation is called masking and is also applied to the above-



Referring to Fig. 9, a third enbodi nent of the present invention will be
.descri bed. This enbodinent differs fromthe first enbodinent in the
following points. In the first enbodi nent, the oscillation operation of the
| aser oscillator 10 is continuous. In contrast, in the third enbodi nent,
the oscillation operation of the |aser g cillator 10 is controll ed based on
t he di spl acenent or position of the prififed circuit board 12. Concretely,
the printed circuit board 12 is noved at a constant rate. A controller 30
out puts an rpgkfidredf mn@Bkihgi gger signal to the laser oscillator 10 in
response to the detected signal froma position detector 31 when the
printed circuit Oterdesc?iptiondhéise mopingdateohiheashtieosed lager lightaaricether
oscillator 10 starts on reception of the oscillation trigger signal and
emts the |subsequénthdeschiptisnsiwiliise applied foea basmd embbtinsantdestrivsti | | at es
in synchronismw th the novenent of the printed circuit board 12 (work
stage 17). @O®Wihe reason, in this enbodi ment, as nmeans for detecting the

di spl acenent or positjion of the printed circuit board 12, the position
detector 31 is prRfedEY todrigq@tibeisesgne webadipeatefitbaresent irvendor Wil age

10 nggdt e feeciBepl o his riRoElBE R hyiach &f BELPPTBHeRRR L ORI 1 Ot her
cmbod: mont STHReT 18T R RGP Ferld P BB Mo BOGy ShBur Bt @ o
conbi nat | Orhc%éq_brﬂzér!f(? rarﬁﬂﬁéﬁ!ﬁ?et%@h th Féas‘é.trlo)écm%‘?%sang}@ﬁ'@ﬂ t of the

work stage 17. This is because of the follow ng reason. ype of work

stage drivemimmehani TMeSthbcenfigunatisy areqfliteitha sahitead tHbseVg ti@chani sm
using the principle of a linear notor. In this case, the linear encoder is
of t en pr ovietebodimenbshowh i Frég. posiTtheomomdpenizem2Ghas howtiens dotptites a pul se
for every novenment of fine 14 unit distance (for exanple 1nm) of the work
stage 17. TWanggrRnecusolisaksystem 1B1ardthe eylinddcalens 35 and wilibeut s t he
counted nunper to ,the controller 3 On the other hand, the work stage

) 0. C ar
drive mechARSSHPed inBgietiith rfarenredofjos GiochaRPush tinkn@Whverts t he
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position defrestiehs 3at 29udlSdddarra)|en@ss 214 snd PYB DphBSIngER W disnBEEaer to
the controller 30. The above position detector 31 is nerely an exanple, and

t heref ore thattheeaoncevé facesveppossidachrotber, eatbbeinghar mtégratioh obased on a
conbination wth the |inear encoder or the rot arg encoder, nmay be used.
The cont r olfl&Rlityofepiiadrigal densesartangsdaeasatieltto each inthetor Birilarhe ag7,

nanely, the, current posjition of the work stage 17, based on the counted
nunber fr(ﬁiﬁome'n%%i f’itbﬁ aRYenspetd2 'WWJ&?&W%'#,”S% 2RO 2R control ler
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other. Fig. 7 shows a state when the state shown in Fig. 6 is rotated by 90

degree around the axis. Accordingly, the array lens sets 21 and 22 are

combined so that the extending direction of the cylindrical lenses of the array

lens set 21 is perpendicular to the extending direction of the cylindrical lenses of

the array lens set 22,

At any rate, by the two array lens sets 21 and 22 and the lens system
23 including the four focusing lenses mentioned above, the homogenizer 20 has

the function for homogenizing the cross-sectional energy density distribution



In this enbodiment, as the same with the first enbodinment, since the mask
:imagi'ng process is used, the mask stage and the work stage 17 nove by the
same di stance when the projection ratio (scale ratio) is 1:1, as described
before. Wen the ratio of the mask size to the work (printed circuit board
12) is, for exanple, 2:1, the novenent of the mask stage is two tines the
noverment of the work stage. The mask 113noves in the reverse direction in
Eynchron?lﬁs WItE t he m)ve][rent of the printed circuit board 12. This is
ecause e nas attern o h .S, . ' [ [
p . the sk, 11 hs inverted &ncuiag_ec\ﬁ?r%géﬁgoncwcwt

boar d 1t2 b?nc:ﬁ@ﬁunﬁ%%{pnt@rbsfqr@)ing [pSeE oM ipving
novement o e work, st L 17 , I [ [
or 't ot ar y eiR-BecASeuiont Faving edicBEr Rfasstpe ol R o exanpi e every 1m
the printed o rcaneBshd PBeldn p afifhgHs Qlitete o BEAR fepe firsthP CrTIL O
control | er o fRoBihat! the Aschpiibh tiereBNwil bdBRIined.onal to the Taser

en the counte

osci |l | at or nunber becones equal to 1,000 (1,000 m. In

addi ti on, bef or enbliaridti td Fig!®, aRAraleiitibdimBet of thefpreserithisvartionsuil be
prelimnarily input &S a processing pararneter through a paraneter-setting

unit 32. ThesoMbes. StTaeeembodimentiffersdnemnithé¢ fiest enthpdimenbipehatfolwinganel y,
the operation that noves at a predeterm ned di stance (corresponding to the

pi tch)  angoinken Iattoesirsttembontimest,dhe ascidateranperadios of Ve lasar peeitatoh to be
drilled in the printed circuit board 12 reaches a predetermn ned sition,
t he positi &8 i$ continucagi afregonirast, m@eﬁa%emhoalfnensit%e%'@'%b%%{g 8™ of

EQECL ?;te ,r ngr{r{qe,'gag&? g‘argi ?arljtlglb‘iég ﬁgqtﬁg% b%sse%%%t 'thiendiérﬁgcerfnieﬁtS br &Kgﬁ?&l gpnt. ¢ he
the printed circuit board 12. Concretely, the printed circuit board 12 is moved
at a constant rate. A controfler 30 outputs an oscillation trigger signal to the
laser oscillator 10 in response to the detected signal from a position detector 31
when the printed circuit board 12 reaches a predetermined position. The laser
oscillator 10 starts on reception of the oscillation trigger signal and emits the
laser light. This means that the laser oscillator 10 oscillates in synchronism
with the movement of the printed circuit board 12 (work stage 17).

For the reason, in this embodiment, as means for detecting the
displacement or position of the printed circuit board 12, the position detector 31
is provided for detecting the displacement of the work stage 17, and the
controller 30 is provided for controlling the laser oscillator 10 based on the
displacement detected by the position detector 31.  Other configurations and
operations are the same as those in the first embodiment.

The position detector 31 can be realized by, for example, a combination
with a linear encoder that directly detects the movement of the work stage 17.
This is because of the following reason. Such a type of work stage drive
mechanism 25 is often achieved by a linear drive mechanism using the principle
of a linear motor. In this case, the linear encoder is often provided to control

the position. The linear encoder outputs a pulse for every movement of fine



Referring to Fig. 10, a fourth enbodi nent of the present invention wl|
-now'be described. This enbodinent differs fromthe third enbodinent in the
following points. In this enbodi nent, the oscillation operation of the

| aser oscillator 10 is controll ed based on the displacenent or position of
the mask 11. Concretely, the nmask 11 noves at a constant rate in
synchronismw th the nmovement of the phinted circuit board 12. The
controller 30 outputs the oscillation trigger signal to the |aser

wnen ¢ ne it 48RFEe Mhr iR SR RedihstadRr " SR8 boslBn e ot or 10
. deterth Redpbsedon A a
ant T o8 MEbulspS PR A (P cbbhBT B BT, hr oni s

with the movenentOpthd bfheiakd lthe(Wakkstagé8fVe nidthahlien Qﬁ?@%f‘bei n this

enbodi nment, the position detector 35 for™ detecting the acenent of the

mask st age achieveatsy & onecheintarh ittt donoertd theltalicres MdtiorPs #8&ibhislof the
mask 11 and the controller 30 for controlling the oscillation operation of

the | aser dstoidlinearmatiomasledhisrcaseetit peditorederectatedeistathiduedttiyea posi ti on
detector 35 are provided. Although the configurations and operations other
t han the pdotary ehcadercihabdetestsihe arheuntafeotation odshe servohotohi rTthe

enbodi nment , Eheﬁgositi on detector 35 may be the sane as the position
det ect or 37OAMRECGerAsg ogtbits ArRUisafar @VBBL knsation ekfineurit angiecafithent and

the f th i tls . that t bj ect i h i ith th
osgi I Iozl;'[i onS%g?&rﬂhgﬁlnazhé P8§@'PP@?%30'113{:ng@]tﬁzx%#[@%g%@egm@w&thghe mask
stage. As mEphteRImBel ¥ e t%]de?'ltrtolﬂsr §@se of a projection ratio (scale ratio)

of 1:1, the nmask stage and t wor k- Stage 17 nove by the sane distance. In

the case of a raffie aoVdWodMiidatenlad i iferl PR SSAABIS S eork Of 2: 1

the mask stage noves by two tines the noved di'stanc st age.

Accor di ngl yanatther welhkmolh posiionidetddios wHidO ietHasedldn & eofibindtfontWith out put
of the oscillation trigger signal to the laser oscillator 10 in

consi der at itbe linear ercatesws thee ratayrentodenjrmay berusedt i 0. Si nce the operation
of the laser dril| apparatus is the sanme as that in the third enbodi nent,
the description tHEedtraller BOgletasminesthe displasementef the workestagelilent and

oception dETHY BEelt ARHEP of B WaicHals d7ubaked ondthe couaied nrgher

: | . _ . f ¢S UHS ¢ o
Lo the oseidTime Bositioh defRctolat S9RRiddbrL ath BB ¢ofdiRR shiik Bigknond i ¢
is al so supposmsthen@dntidier 98Faratad o the LBNEBAYr fof siﬁkﬁghﬁﬁﬁ%ygﬁﬁi%f@gor 10

is 150 Hz, and that the work stage 17 noves at a co

mi sec. | n thaiwork stage dive tieokaiemads and hWSﬂWdﬂ@@Maﬂisﬁ 96| i gnment
of 0.15mfromthe target position of the laser |ight. However, there is no

pr obl em bedh@seceanicolless mayde gnplemented by glsinglelcontotiér . 1 f t he
m sal i gnment i s got negligible, the above-nentioned msalignnment can be
conpensat ed by ad@ihis skadimensesdbe seae with thetinst emhgdimentrsinee thet by t he

mask imaging process is used, the mask stage and the work stage 17 move by
the same distance when the projection ratio (scale ratio) is 1:1, as described
before. When the ratio of the mask size to the work (printed circuit board 12) is,
for example, 2:1, the movement of the mask stage is two times the movement
of the work stage.

The mask 11 moves in the reverse direction in synchronous with the
movement of the printed circuit board 12. This is because the mask pattern of
the mask 11 is inverted on the printed circuit board 12 by the imaging lens 16,

as described before.



rameter-setting unit 32. In addition, the processing paraneter set by
-Szepgaraneter-settigg unit 32 is not limted by the pitch of the holes, the
positions of the holes, in other words, coordinate data on the
t wo- di nensi onal plane based on the X and Y axes may be set. It is
preferable that the pitch of the holes_|% a constant. This is because the
oscillation frequency of the | aser osci Mat or 10 is a constant if the pitch
of the holes is a constant, as a result, a variation in the |aser output

nventi on ar e kept uen T ol g R e B A R Bl A

I nvention are kept even if the pi t. A
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printed circuit board 12 is conposed of a certain materia Such™ & case,
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t he scanni driam) and i/ colrdedopaneiné positibheetasdr 341 and the printe _
circuit bo;?él&uﬁz may be repeated by a plurality of shots. In both the third

and fourth enbodifr@mplacf thenddjkta therprizdedieiscuii bextding ik harseromdat a
used i nstead of the honbgeneous optical system 13 and the
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such a case, after the half of the drillii ocessing re 12-1
i s conpl et éperation fhabd cenesre ar predeteriingd distamessBoyspordliRy &) Wegﬁgfbﬁﬂ 4 then

the. dri 111 M54 BeB & oR%BUbMoves @t atanstantaate. havhemaniongorits b chiped i | ng
the printed circuit board 12 reaches a predetermined position, the position is
irradiated with the laser light.

Since the operation of the laser drill apparatus is the same as that in the
first embodiment, the description thereof will be omitted.

Referring to Fig. 10, a fourth embodiment of the present invention will
now be described. This embodiment differs from the third embodiment in the
following points.  In this embodiment, the oscillation operation of the laser
oscillator 10 is controlled based on the displacement or position of the mask 11.
Concretely, the mask 11 moves at a constant rate in synchronism with the
movement of the printed circuit board 12. The controller 30 outputs the
oscillation trigger signal to the laser oscillator 10 based on the detection signal
from a position detector 35 when the mask 11 reaches a predetermined position.
The laser oscillator 10 starts on reception of the oscillation trigger signal and
emits the laser light. This means that the laser oscillator 10 oscillates in
synchronism with the movement of the mask 11 (mask stage).

For the reason, in this embodiment, the position detector 35 for

detecting the displacement of the mask stage as means for detecting the



ssing in Fig. 11 (d) is opposite to the scanning direction in Fig.
~%?(2;?Cgf cgurse, ?he foﬁn%d hol es have the same drill pattern. Referring
to Fig. 12, a fifth enbodi nent of the present invention will now be
described. This enbodiment is a nodification of the third enbodi nent and
the mask 11' is fixed. Accordingly, the1 sk stage drive mechanismis not
necessary. For the reason, the mask 11' “flas a single-row hole pattern as
shown in Fig. 13 which is different fromthe nask 11 described in the above

e oy po o o G 11 R0 Y HAPIGTRNG.

novenent of the printed circuit boar
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unit 32 are the sane as those described in th ment, the
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equal to 1, 6Ct?ﬁ? 00 M. In addition, the pitch of the holes is
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Toves. at o oo SRERImEA! 8 (G RE SRR BT Sy RO BB the oSl rRT e
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15 Tt i o 90p otk stagedts meveiyahn samesdistaineof i te casoridfaticomAgal Lo { he
wi dth size n!1‘a23(I< glfze ttc;1 ﬁ1ep 6r%%g§§iri18 9egrigr(‘:1] i1%?1 <1Jf2 211 , the mask stage moves by two

times the moved distance of the work stage. Accordingly, the controller 30 in

this embodiment carries out of the output of the oscillation trigger signal to the

laser oscillator 10 in consideration of the above-mentioned projection ratio.

Since the operation of the laser drill apparatus is the same as that in the
third embodiment, the descripﬁon thereof will be omitted.
In both the third embodiment and the fourth embodiment, although the

laser oscillator 10 oscillates upon reception of the oscillation trigger signal and

emits the laser light, there is a time delay from the reception of the oscillation

trigger signal to the oscillation. It is supposed that the time delay is 1

microsecond. It is also supposed that the oscillation frequency of the laser

oscillator 10 is 150 Hz, and that the work stage 17 moves at a constant rate of

150 mm/sec. In this case, the time delay of 1 microsecond causes a

misalignment of 0.15 um from the target position of the laser light. However,

there is no problem because such a misalignment is negligibly small. If the

misalignment is not negligible, the above-mentioned misalignment can be

compensated by addition of an offset to the processing parameter set by the



19 In-such a case, after the half of the drilling for the processing region
12-1-is conpleted, the processing region 12-1 is noved by a predeterm ned
di stance in a direction perpendicular to the scanning direction and then

the drilling is carried out. In this case, the scanning direction during
processing in Fig. 13(d) is opposite toqtshe scanning direction in Fig.
13(c). O course, the fornmed holes have the sanme drill pattern. In this

enbodi ment, the honogeni zer 20 described in the second enbodi mrent may be
used i nst eaRRraMetéreseitinggeitad®is optical system 13 and the cylindrical |ens
15. By the way, a disadvantage of the fixed mask 11' is that the fornmed

hol es are el liptil® agldlitian, e pravessingmyaramietereset Gy dh@ garamétee-semaNinig

di rection. SA-gwever,, by using a pul se | aser oscillator having a small pul se
Wi dth, thi SlSRbiEmt the pitch efdhpihslessthe pasitipnsof the hides upptweed t hat

t he nmoving [ of the work stage 17 js 150 mm sec, and if the |aser

osci | | at or \ﬁgrty:?snaogrdmtg(ga% Bf‘ﬁﬁ%fw@‘.dﬂ"ﬁiw@n@s‘é@)e basedon the Xaans Y7 noves
only 0.03 r’g)glérrhgg b tosci |lation. In this event, if the diameter of the
hole is 50 m the gls ance 0.03 mis negligible, and the shape of the holes

b ded aicdnrgi . i _the, | osci | | 10
can be | motement gy eror gk thafuBYioh AP RPIERIS o ket ErRdger
osci | | at or a:edabee&ﬁéeaéﬁua%r’][megg%( f’th&ﬁ?sérrqsﬁfﬂa{b?r1'5qg'a1c%<{n§¥gnt.iﬂﬁg the

fourth harnonic (4w) thereof, n exci mer laser oscrl

wor kpi ece fpitchdsfithé hoResiis ansnstant] 44 resuld 4 ¢sidiH s a printed
circuit board and may be a material such as a ceraﬁqngﬁét/ﬁsr??gﬁg)tug, which is

used as an intesglitnbeogmeaiserdllal HowelerctheavantyEeaebiding totheereBhe.
capaci tors and pi ezoel ectric elenments. Furthernore, the present invention
can be appl'T&NMOF ared@nt gven idbe pitphof t1e boles lis not a nomdtanh a mask having a
predeterm ned ma I S _L.h ntact with the workpi ece such as a printed
circuit board. | %P‘W@%Qg Sef H@@yﬂw ARERARS Miish he tpesigrmed when the

printed circuit board 12 is composed of a certain material. In such a case, the
scanning operation by the movement of the mask 11 and the printed circuit
board 12 may be repeated by a plurality of shots.

In both the third and fourth embodiments, the homogenizer 20
described in the second embodiment may be used instead of the homogeneous
optical system 13 and the cylindrical lens 15.

In addition, when the size of the mask 11 is smaller than the size of the
processing region 12-1 of the printed circuit board 12, the operation is
performed according to Fig. 11. In Fig. 11, itis supposed that the size L1 of the
mask 11 in the scanning direction is equal to the size L2 of the processing
region 12-1 in the scanning direction. Itis also supposed that the size L3 of
the mask 11 in the perpendicular direction to the scanning direction is 1/2 the
size L4 of the processing region 12-1 in the perpendicular direction to the
scanning direction. In such a case, after the half of the drilling for the
processing region 12-1 is completed, the processing region 12-1 is moved by a
predetermined distance in the perpendicular direction to the scanning direction

and then the drilling is carried out. In this case, the scanning direction during



20 According to the present invention, as described above, many hol es can
+be frormed within a short tine conpared with a known | aser drill apparatus
usi ng a gal vanoscanner. Furthernore, in the mask pattern of the novable
mask used in the present invention, since the arrangenent of a plurality of
hol es can be appropriately deternmined, iig is realized the drilling having
the flexibility. According to the drill apparatus in the third to fifth
enbodi ments, holes can be fornmed exactly at positions to be drilled and the

wor k st age proeessing inBige 1${d) pavopposits tontheesanminyidineetish Y Fighus(c)t hOg
apparatus has high productivity. Industrial Applicability As described

above, the dasse, tieifoimedhbled have thesants drill pattendi ng to the present

invention is suitable for drill of printed circuit boards and materials

such as cerami c tReferingtoekigud2da fighienshddimentofitheqresent inverdioaowitl ovwe

conponents, for exargg{Le capacitors and piezoelectric elenents. 21 CLAI M5
Tet

1. A laser k@ feseriRpdhetiiiziempodiraent,is sgnedificatien ftheithirg epybadiment ard ng a
er)relégt g?% %%hrﬁlggiﬂ)d% I{lgq%, f,&é)cno]rginlg?? the r%%%l(lsltaaéeoéri\}ehrrn%% Qni%mngsn%thaw ng @
necessary. For the reason, the mask 11' has a single-row hole pattern as
shown in Fig. 13 which is different from the mask 11 described in the above
embodiments. The laser oscillator 10 is oscillated in synchronism with the
movement of the printed circuit board 12 (work stage 17). The functions of the
position detector 31, the controlier 30, and the parameter-setting unit 32 are the
same as those described in the third embodiment, the description thereof is
omitted.

With the movement of the work stage 17, the pulse is output from the
linear encoder or rotary encoder for every predetermined distance (for example,
every 1 um) and is counted up in the position detector 31.

For example, in the drill of the printed circuit board 12 at a pitch of 1 mm,
the controiler 30 outputs the oscillation trigger signal to the laser oscillator 10
when the counted number becomes equal to 1,000 (1,000 um). In addition,
the pitch of the holes is preliminarily input as the processing parameter through
the parameter-setting unit 32.

The work stage 17 does not repeat the stepwise operation that moves
at a predetermined distance and the then stops, but moves at a constant rate.
When a portion to be drilied in the printed circuit board 12 reaches a
predetermined position, the position is irradiated with the laser light.

When the width size of the mask 11' is smaller than the width size of the
processing region 12-1 of the printed circuit board 12, the operation is
performed according to Fig. 13. In Fig. 13, it is supposed that the width size
L10 of the mask 11' is equal to the width size L20 of the processing region 12-1.



wherein said laser light is transforned into |aser |ight having a |inear
cross-section, an irradiation position of said linear laser light is fixed,
and said mask and sai d workpi ece are synchronously noved so that said mask
passes through an irradiation position of said |aser [ight while the noving
direction thereof is nade perpendicul ary§o the extending direction of said
linear |laser light so that said mask is scanned by said linear |aser |ight,
the drilling defined by said mask pattern thereby being carried out to said
wor kpi ece. |d.sutha taseeafter thd haifohtbelmrilliraciootite pwpcessingaegion,12+4hés ei n, by
arranging an imging | ens between said mask and said workpi ece, the

proj ect i on completedt, trmprboessingpagivart®-1 ds swivedbyrd pieseteroined distance iB. The

| aser drilling method according to either claim1l or 2, wherein the,
di spl aceners diséction perpesdicular dathe seanaingdisectiongndtheadhe gilingris carried
oscillation operation of said |aser oscillator is controlled in accordance

with the detWct Buthi§ epsedBasRRNNIAG d_}xep%&rzeﬁumg Pqui"ésﬁﬁtiﬂ d'ﬂ-f@r(&ciér ryi ng out
e L ks 964 SLLA B RCR B A | 5Pl RS ERET
ai d it 4 3HEFANE BB BalBIE: m ned position s itradiated wih said
linear laser |ighhh@¥nbodiment, the homogenizer 20 described in the second

embodiment may be used instead of the homogeneous optical system 13 and

the cylindrical lens 15.

By the way, a disadvantage of the fixed mask 11' is that the formed

holes are elliptic which has the major axis extending in the scanning direction.

However, by using a pulse laser oscillator having a small pulse width, this

disadvantage is negligible. For example, it is supposed that the moving rate of

the work stage 17 is 150 mm/sec, and if the laser oscillator having a pulse width

of 0.2 um is used, the work stage 17 moves only 0.03 um during the oscillation.

In this event, if the diameter of the hole is 50 um, the distance 0.03 um is

negligible, and the shape of the holes can be regarded as a circle.

In every embodiment, the laser oscillator 10 can be implemented by a

CO, laser oscillator, a YAG and YLF laser oscillators, the second harmonic (2w),

the third harmonic (3w), and the fourth harmonic (4w) thereof, and an excimer

laser oscillator. The workpiece for drilling is not limited to a resinous layer

such as a printed circuit board and may be a material such as a ceramic thin

plate, which is used as an insulating material in electronic components, for

example, capacitors and piezoelectric elements. Furthermore, the present

invention can be applied to a contact mask type of drilling in which a mask

having a predetermined mask is in contact with the workpiece such as a printed

circuit board. In this case, the imaging lens is omitted.



22 sai-d workpiece is noved in the perpendicular direction to the extending
-direction of said linear laser |ight, so that said workpiece is scanned by
said | aser light passing through said mask, the drilling defined by said
mask pattern thereby being carried out to said workpiece. 5. The |aser
drilling nethod according to claim4, whgrein, by arranging an imaging |ens
bet ween sai d nask and said workpiece, the projection ratio of said nmask
pattern to said workpiece can be set. 6. The laser drilling nethod
according to eit haccartimgno4heprésentiraeation t dweddscribericatore] menytles

wor kpi ece is detected, and the oscillation operation of said | aser

osci |l ator ¢an beffenmed withinre aberd ticencampared witrea debect leserddriipapzearist . 7. A
| aser drilling apparatus for carrying out the drilling by irradiating a

wor kpi ece V\m'ng@@%vanqsgﬁmnemorﬁtu?/hea@@re,@sme maskpatiernottheanavatiehavi ng a
pr edet er m ned Eask pattern, sajd %ﬁparatus conprising: an optical system

for transfoff#® é‘sgﬁi"ﬂthe_aﬁ'@sem HNENTieN, §iNcestep arraggententiong riuralitefholes
e A AR o T,
o d oot Ce <yt aminincibate bR PR R o,
sai d laser &agBb forid a%et@@atqiéfsﬁfahs%b}efwm@efan*aetpgh BvdRABREGBEIALEN! 2T T o

the extending direction of "sai'd linear [aser |I ( d mask is
scanned by swive stépwise buearivesicohtinuduity; dnis, thitapiRirafiethadhigii d mask
pattern thereby being carried out to said workpiece.

productivity.

Industrial Applicability

As described above, the laser drill method and apparatus according to
the present invention is suitable for drill of printed circuit boards and materials
such as ceramic thin plates used as insulating materials in electronic

components, for example, capacitors and piezoelectric elements.



8. The laser drilling apparatus according to claim7, wherein an inmagi ng
‘lens i s arranged between said mask and sai d workpi ece and the projection
ratio of said nask pattern to said workpiece can be set by said i magi ng
lens. 23 9. The laser drilling apparatus according to either claim7 or 8,
wherein said optical systemis a honogenijzer. 10. The |aser drilling
apparatus according to either claim?7 or 8, wherein said optical system
conpri ses a honbgeneous optical systemthat honpgeni zes the energy density
about the cross-section of the laser light fromsaid | aser oscillator and a
cylindrical lens that transforns the cross-section of the laser |light from
sai d honobgeneous optical systeminto &UAIMS8ar shape. 11. The laser drilling
appar at us accordipgoé? any one of claims 7 to 10, further conprising a
posi tion det ect or!f ot IRR8r &kilinggmethoddps parmyagent ther drjingibywradiatingaand a
controller for contrall|ing.the osci]lation operation of said |aser
oscillator ¥ rkgb%&‘ﬁg'ﬁbée\?vihgw froma ajiaspr 9%%'@Eﬁth&@@b@@@wa§/mgjaposi tion
detector. ‘ i lLing apparatus according to any one of clains 7
el gk o

to 10, furthe 'tion detector for detecting the

operation of sai 1ok oAd Bt ohP R f e Emed g BRbl o B B ot

detect ed bycrggs-debtign tion detector. 13. A laser drilling apparatus for
carrying out the drilling by irradiating a workpiece with |aser light from

a |l aser oscill at an irtediatgn positiarkohsald Ngedr IRs@ARIHEISTRRY affBSk pattern, said
apparatus conprising: an optical systemfor transformng said |aser |ight
into |aser |ight saidmagkand saidwarkpisse see syrmhromoubly moved so that said
mask passes through an irradiation position of said laser light while the moving
direction thereof is made perpendicular to the extending direction of said linear
laser light so that said mask is scanned by said linear laser light, the drilling
defined by said mask pattern thereby being carried out to said workpiece.
2. The laser drilling method according to claim 1, wherein, by
arranging an imaging lens between said mask and said workpiece, the
projection ratio of said mask pattern to said workpiece can be set.
3. The laser drilling method according to either claim 1 or 2, wherein
the displacement of said mask or said workpiece is detected, and the oscillation
operation of said laser oscillator is controlled in accordance with the detected
displacement.
4. A laser drilling method for carrying out the drilling by irradiating a
workpiece with laser light from a laser oscillator through a mask having a
predetermined mask pattern,
wherein said laser light is transformed into laser light having a linear
cross-section,
said mask arranged at a predetermined position is irradiated with said

linear laser light, and



a drive nechani smfor noving said workpi ece; said mask arranged at a
predeterm ned position being irradiated with said |inear |laser light from
sai d optical system said drive nechani sm noves said workpiece in the

per pendi cul ar direction to the extending direction of the |inear |aser

| ight so that said workpiece is scannedohly the |aser |ight passing through
said mask, 24 the drilling defined by said nask pattern thereby being
carried out to said workpiece. 14. The laser drilling apparatus according
to claim13, whersaithwankpieegismoledsn the penpandiedlabeiraetion teathe exteridingd sai d
wor kpi ece and the projection ratio of said mask pattern to said workpi ece
can be set directiah®fisautiinearilases light.sotthat saidevorkipiete isscarpyear by saidaccor di ng
to either claim113 or 14, wherein said optical systemis a honpgenizer. 16.

The | aser dpeenlighy Paspiagdhipsidhciaid masy, the dillingdetined by saidonagik patigrsr ei n
he. enor gy HELYPEB Gaadiedp 588 BRERERF of the | aser |1ght fromsaid
S LAt O e e G kB Bl OB R bR o "
shape. arranging an imaging lens between said mask and said workpiece, the
projection ratio of said mask pattern to said workpiece can be set.
6. The laser drilling method according to either claim 4 or 5, wherein
the displacement of said workpiece is detected, and the oscillation operation of
said laser oscillator is controlled in accordance with the detected displacement.
7. Alaser drilling apparatus for carrying out the drilling by irradiating a
- workpiece with laser light from a laser oscillator through a mask having a
predetermined mask pattern, said apparatus comprising:
an optical system for transforming said laser light into laser light having
a linear cross-section; and
a drive mechanism for synchronously moving said mask and said
workpiece;
an irradiation position of said linear laser light from said optical system
being fixed,
said drive mechanism moves said mask and said workpiece so that
said mask passes through an irradiation position of said laser light, the moving
direction thereof being made perpendicular to the extending direction of said
linear laser light so that said mask is scanned by said linear laser light, the
drilling defined by said mask pattern thereby being carried out to said workpiece.
8. The laser drilling apparatus according to claim 7, wherein an
imaging lens is arranged between said mask and said workpiece and the
projection ratio of said mask pattern to said workpiece can be set by said

imaging lens.



17. The laser drilling apparatus according to any one of clains 13 to 16,

-further conprising a position detector for detecting the displacenent of

sai d wor kpi ece and a controller for controlling the oscillation operation
of said laser oscillator in accordance with the displacenent detected by

the position detector. 23

9. The laser drilling apparatus according to either claim 7 or 8,
wherein said optical system is a homogenizer.

10. The laser drilling apparatus according to either claim 7 or 8,
wherein said optical system comprises a homogeneous optical system that
homogenizes the energy density about the cross-section of the laser light from
said laser oscillator and a cylindrical lens that transforms the cross-section of
the laser light from said homogeneous optical system into a linear shape.

11. The laser drilling apparatus according to any one of claims 7 to 10,
further comprising a position detector for detecting the displacement of said
workpiece and a controller for controlling the oscillation operation of said laser
oscillator in accordance with the displacement detected by said position
detector.

12. The laser drilling apparatus according to any one of claims 7 to 10,
further comprising a position detector for detecting the displacement of said
mask and a controller for controlling the oscillation operation of said laser
oscillator in accordance with the displacement detected by said position
detector.

13. Alaser drilling apparatus for carrying out the drilling by irradiating
a workpiece with laser light from a laser oscillator through a mask having a
predetermined mask pattern, said apparatus comprising:

an optical system for transforming said laser light into laser light having
a linear cross-section; and

a drive mechanism for moving said workpiece;

said mask arranged at a predetermined position being irradiated with
said linear laser light from said optical system,

said drive mechanism moves said workpiece in the perpendicular
direction to the extending direction of the linear laser light so that said

workpiece is scanned by the laser light passing through said mask,



24

the drilling defined by said mask pattern thereby being carried out to said
workpiece.

14. The laser drilling apparatus according to claim 13, wherein an
imaging lens is arranged between said mask and said workpiece and the
projection ratio of said mask pattern to said workpiece can be set by said
imaging lens.

15. The laser drilling apparatus according to either claim 13 or 14,
wherein said optical system is a homogenizer.

16. The laser drilling apparatus according to either claim 13 or 14,
wherein said optical system comprises a homogeneous optical system that
homogenizes the energy density about the cross-section of the laser light from
said laser oscillator and a cylindrical lens that transforms the cross-section of
the laser light from said homogeneous optical system into a linear shape.

17. The laser drilling apparatus according to any one of claims 13 to
16, further comprising a position detector for detecting the displacement of said
workpiece and a controller for controlling the oscillation operation of said laser

oscillator in accordance with the displacement detected by the position detector.



