SPECI FI CATION TI TLE OF THE | NVENTI ON METHOD AND APPARATUS FOR PERFORATI NG
PRI NTED Cl RCU T BOARD FIELD OF THE | NVENTI ON The present invention rel ates
to a printed circuit board perforating nmethod and apparatus for perforating
a printed circuit board with a pul sed | aser beam DESCRI PTI ON OF THE
BACKGROUND ART Consi der t hat a§$”d¥ﬁ?%ﬁyﬂﬁ§nt board havi ng n conduct or

|l ayers and n or (n-i) insulating lTayers 1"am nated alternately so that the
first layer fromthe surface of the printed circuit board is a conductor

| ayer is perforated with aTpuULEedr| @8Br INVBEMHIONOom a UV | aser (hereinafter
referred to as "laser beanf sinply) in the background art. In this case,

when t he, di t b i S t 0 m the
pr nt ed MErATY; £ ArRARASUE, on PRRFGRRIIED, bRiRELpS RR B HORRD,
t op- hat beam pul ses having a dianeter substantially equal to the entrance
di anet erFELD HeF e BEMVENBLOMg an energy distribution substantially
uniformin a plane perpendicular to the optical axis of the beam or
Gaussi an beam pul ses having 1 an energy distribution Iike a Gaussian curve
in a plane

The present invention relates to a printed circuit board
perforating method and apparatus for perforating a printed
circuit board with a pulsed laser beam.

DESCRIPTION OF THE BACKGROUND ART

Consider that a printed circuit board having n conductor
layers and n or (n-1) insulating layers laminated alternately
so that the first layer from the surface of the printed circuit
board is a conductor layer is perforated with a pulsed laser
beam from a UV laser (hereinafter referred to as "laser beam"
simply) in the background art. In this case, when the diameter
of a hole to be processed is not smaller than 50 um, the printed
circuit board is irradiated a required number of times with
top-hat beam pulses having a diameter substantially equal to
the entrance diameter of the hole and having an energy
distribution substantially uniform in a plane perpendicular

to the optical axis of the beam or Gaussian beam pulses having




perpendi cular to the optical axis of the beam (hereinafter referred to as
"punching nethod") . Alternatively, the printed circuit board is irradi ated
with a top-hat beam or a Gaussi an beam whose dianeter is snaller than the
entrance di ameter of the hoI e and not | arger than 50 m by positioning the

t op- hat beam or t St%a bleakm at ég&%i%‘n Cur ) exarrp €:nd al ong a
ci rcunf erentt diTradiation 1 r epea ed annB Some ot her

C|rcunferent|al paths (herelnafter referred to as "trepanning nmethod"). An
opti cal mogrmetianda focus nogpt el asel sised tlee posnt (baréheafaser beamto
a portion to be processed. A scan area defined by the size of the focusing

lens is S erre g%ﬂaFPnlSﬁeé@ﬁ%¥ﬁg&pU|téQQaggatgg efor éE&Q%%ggggcessing

in the ‘scan ared is ri‘nted crrcul Ar o1 Prové a next
scan area horizontally relatively to the focusing lens so as to perform

pr ocessiangrduitt bearekisstanadi @bed FortlexanpbehaiPodate508788ssian
(PCT/U895/08473) di scl oses a technique for perforating a material made of

metal , WHe d%%et‘é%‘ g Eqnéii‘&o‘lﬁén'ﬂk%‘ % % ’Eilaa‘?r%gc;%{ O for

perform n aser process noni T ofr i e ‘con t|on
processi ng, JP-A- 10 85976 or

the hole and not larger than 50 pm by positioning the top-hat
beam or the Gaussian beam at locations, for example, along a
circumferential path, and the irradiation is repeated along
some other circumferential paths (hereinafter referred to as

"trepanning method").

An optical scanner and a focusing lens are used to
position the laser beam to a portion to be processed. A scan
area defined by the size of the focusing lens is smaller than
the printed circuit board. Therefore, when processing in the
scan area is finished, the printed circuit board is moved to
a next scan area horizontally relatively to the focusing lens

so as to perform processing in the next scan area.

For example, JP-T-10-508798 (PCT/US95/08473) discloses
a techniqgue for perforating a material made of metal,

insulator, etc. using ultraviolet light.




JP- A- 2001- 102720 di scl oses a | aser processing apparatus in which a beam
splitter such as a polarizing beamsplitter or a dichroic mrror is
inserted into an optical path of a |laser beamimediately after a | aser
oscillator or immediately in front of a work so as to deflect |ight
reflected or emtted by the work fromthe optical path of the | aser beam
and sense the deflected light, or a | aser processing apparatus in which a
sensor is placed out of a laser optical path and near a work so as to sense
| i ght diffusellsoanempparatby fdire worfiormioweVersent herecessing awlyel i f f er ence
between a threshold value of deconposition energy of a conductor |ayer and

a threshaold val ue of dec 0S| ti SI formn i nsul ati ng
| ayer. e Or%ﬁ?st%ﬁf%eréﬁggnl fgﬁhohéranﬁs%hn Sdﬁ%'gpg¢t?%%9§sor
continuously irradiated with a pul sed | aser beam so as to nake a hole in a
printedJerhRerD0lbdard20hdsecsuskace lhager prescasedondueipparadyer it he

di aneter of the hole fornmed in an insulating |ayer under the conductor

| ayer beg(i)ﬁr[ﬁs Ig%%ﬁrc%ipgg }h gljuaa@t e)})oolfart %botkﬁea{rﬁ %Eaﬂfé@e{* conduct or

| ayer. ndactor a er overH ofred T n the
insulating |ayer, or the hole forned in the |nsulat|ng | ayer has a
bar r el - ki &eclshape wsuctot Hat inkertrteinediat epgdrtalopagh of a laser

beam immediately after a laser oscillator or immediately in
front of a work so as to deflect light reflected or emitted
by the work from the optical path of the laser beam and sense
the deflected light, or a laser processing apparatus in which
a sensor is placed out of a laser optical path and near a work

so as to sense light diffused or emitted by the work.

However, there is a large difference between a threshold
value of decomposition energy of a conductor layer and a
threshold value of decomposition energy of resin forming an
insulating layer. Due tothisdifference, when one and the same
portion is continuously irradiated with a pulsed laser beam
so as to make a hole in a printed circuit board whose surface
layer is a conductor layer, the diameter of the hole formed
in an insulating layer under the conductor layer becomes larger

than the diameter of the hole formed in the conductor layer.



the hole has a larger dianmeter than the entrance di aneter. \Wen hi gh-speed
el ectroplating or filled plating (a plating nethod for filling a hole

wi thgrowing a netal layer fromthe hole botton) is performed on the hole
such that the conductor |ayer overhangs the hole fornmed in the insulating

| ayer, h ole f the L e S rrel ke shape,
t he pl a?il:ln% :atskp%éjr?cne thf &Q rtrﬁ éj‘%éal}ljl% rt%ecéog% Fﬁgmggn‘éﬁ %AT' | ayer.
Thus, hol |l ow portions (v0|ds) are apt to occur in the plated layer. It is
t her ef ok esul appsgi bheet p shdrtteemallee fpratingnt the, irmnd shengribressi ng
efficiency cannot be inproved. Assune that processing is perforned with

ener 9y f805] b2 Lable b ke, SONdNG! O BYELLa; LOLSo SRS Fonubien Lhere s

a variatiron in the t i cknes e ihsulatin surface of the
conductor |ayer at the hole bottom may be danaged Further, the conductor
| ayer athehbkohel kabott dbergey dbempterceUan4tMHeﬁnthenbﬁsdﬁambm@rLayer is
made of a so-called glass-containing base material which contains gl ass
fibers, glass fibers may project largely inside a hole forned by
selectively renoving the resin of the hole side wall. A

When high-speed electroplating or filled plating (a
plating method for filling a hole withgrowing a metal layer
from the hole bottom) is performed on the hole such that the
conductor layer overhangs the hole formed in the insulating
layer, or the hole formed in the insulating layer has a
barrel-like shape, the plating is concentrated in the hole
entrance of the conductor layer. Thus, hollowportions (voids)
are apt to occur in the plated layer. It is therefore
impossible to shorten the plating time, and the processing

efficiency cannot be improved.

Assume that processing is performed with energy density
suitable to the conductor layer. In this case, when there is
a variation in the thickness of the insulating layer, the
surface of the conductor layer at the hole bottom may be
damaged. Further, the conductor layer at the hole bottom may

be pierced.



slight gap may be formed between the hole and a hol e adjacent thereto
because a | arger quantity of resin than necessary is renoved. Thus, plating
may | ead to electric connection between the adjacent holes. For this
reason, the hole-to-hole pitch cannot be narrowed and so-called board
densification contributing to reduction of the printed circuit board size
cannot be achieved. SUMVARY OF THE I NVENTION I n order to solve the foregoing
probl ens bel onging to the background art, an object of the present
invention is Wieenpthei tlesal ptingetlagercist mbdar dfper Boratiligdret hod ai med at
i nprovenent in the processing efficiency and densification of the board.

Anot her _object of the present invent i rOV|de r ed circuit
boar d p%??%?é??ﬂ aéBb%&a?ﬁEeUQ?%%rla*agglgh ?t%&ﬁsg At N print ed
circuit board perforating nethod ained at |nprovenent in the processi ng
effici egtysanfibdeasmbiycatbgacof 1nhgebgaidsillyg whihoheafpamaidudy probl ens not
taken into consideration in the background-art | aser processing appar at us,

32?2r§3?% ﬁC%fL%EgngﬁagngQ ngtggginig Iggetnolepga @2 w%qqpoants or
slight gap may be formed between the hole and a hole adjacent
thereto because a larger quantity of resin than necessary is
removed. Thus, plating may lead to electric connection
between the adjacent holes. For this reason, the hole-to-hole
pitch cannot be narrowed and so-called board densification
contributing to reduction of the printed circuit board size

cannot be achieved.

SUMMARY OF THE INVENTION

In order to solve the foregoing problems belonging to
the background art, an object of the present invention is to
provide a printed circuit board perforating method aimed at
improvement in the processing efficiency and dengification of

the board.

Another object of the present invention is to provide

a printed circuit board perforating apparatus using a laser




a beam occurring when the beam bei ng converged by a | ens penetrates an
obliquely disposed parallel plate can be reduced. In order to attain the
foregoing object, a first constitution of the present invention is a nethod
for perforating a printed circuit board having conductor |ayers and
insulating |ayers |amnated alternately, the nethod _including the steps of:

i rradi at PR TWEARIR TS theyerinteR alrpulsderd sl depeim whed ey density
is set at a value enough to process the conductor |ayer, while nonitoring

eni ssi onafhem Lbeippeeosnedt Pont tRA; pebtatpBing theinusher, ahd pul ses of
irradiation required for processing a window in the conduct or |ayer; and

processing a w ndow i n anot her pl.ace of ,tge conduct or Iaygi b% t he obt ai ned
nunber ofi€palEesabion ot ddittiositd 60X WBLEAPRRMER F it i BT CTFAS YT esent
invention is a nethod for perforating a printed circuit board having n

conduct ot ska@¥ei t8NdoAsQBetAt ipni DUt BEI Bgckayetsdlartnakedr al ternately,
the first layer fromthe surface of the printed circuit board is a

conductor |ayer, the nethod including the  steps of: irradiating the first
ConductOPrP§9§F159pPBP§FPFys' such a8 the influence of reflectidn

inside the optical components or deformation of the shape of
a beam occurring when the beam being converged by a lens
penetrates an obliquely disposed parallel plate can be

reduced.

In order to attain the foregoing object, a first
constitution of the present invention is a method for
perforating a printed circuit board having conductor layers
and insulating layers laminated alternately, the method
including the steps of: irradiating a conductor layer with a
pulsed laser beam whose energy density is set at a value
enough to process the conductor layer, while monitoring
emission from the processed portion; obtaining the number of
pulses of irradiation required for processing a window in the
conduct or layer; and processing a window in another place of
the conductor layer by the obtained number of pulses of

irradiation.



of pulses with a pul sed | aser beam whose dianeter is equal to a designated
hol e entrance di aneter and whose energy density 1is high enough to renove
the first conductor layer, so as to renove the first conductor |ayer;
irradiating the first insulating |ayer under the first conductor |ayer a
plurality of pulses with a pulsed | aser beam whose di aneter is |larger than
the diameter of the | aser beam processing the first conductor |ayer and
whose energy density is high enough to renove the first insulating |ayer
but | ow enoug® rescaml remmte. tuthieorf igfsttleomieteort |iayernt sonassta renove the
first insulating layer; irradiating the i-th (i is an integer from2 to n)

i amot ot SR P D S0t LGN A e R AP P C g e

(i-1)th conductor |ayer and whose energy density is high enough to renove
t he i -t caouhduotorl dyseper ,arsb 17 oas (o 1) enpee lehenp- hyegsdderamnatager ; and
irradiating the i-th insulating |ayer under the i-th conductor |ayer a

pluralit s wth. u I r ity i s equa
Po'that Bre iy UaEr il A eBet a8 n PPRh PREQUNARE BITEN BaT L
remove the i-th insulating |ayer; wherein the dianeter of a hole forned in

the firstimondudtomrd daper ¢snkeptotrhlsyer, the method including the
steps of: irradiating the first conductor layer a plurality
of pulses with a pulsed laser beam whose diameter is equal to
a designated hole entrance diameter and whose energy density
is high enough to remove the first conductor layer, so as to
remove the first conductor layer; irradiating the first
insulating layer under the first conductor layer a plurality
of pulses with a pulsed laser beam whose diameter is larger
than the diameter of the laser beam processing the first
conductor layer and whose energy density is high enough to
remove the first insulating layer but low enough not to remove
the first conductor layer, so as to remove the first insulating
layer; irradiating the i-th (i is an integer from 2 to n)
conductor layer a plurality of pulses with a pulsed laser beam
whose diameter is smaller than the diameter of the laser beam
processing the (i-1)th conductor layer and whose energy

density is high enough to remove the i-th conductor layer, so




A third constitution of the present inventionis a printed circuit board
perforating apparatus in which a pulsed |aser beamoutput froma | aser
oscillator is introduced through an optical systemto a printed circuit
board havi ng conductor |ayers and insulating |ayers |am nat ed alternately,

S0 that @09l & L5 DRAcessed i R0 bey b 0Gsasel DALLLONgYfnd heypr |t ed

C|rCU|tE%oar rinted circuit "boar I g app ar |nclud|ng a
sensor for nonitori ng em ssion fromthe processed porti on; a conpari son

nmeans f admsdmiamagd sarewutpigr ahe he ths epsducwiotrh layprredepéunrhﬁledyt hr eshol d
val ue; a counter for counti ng the nunber of pulses of irradiation with the

|aser  heam wiih v)’ﬂ'k?g g%%%%eodea"n%ﬁogé d ellé}; ?9&1%&%9 :hé ebubhe

conpari son*neans opera ; torage anrt orin IRdmber of

pul ses of irradiation count ed by the counter; wherel n the nunbers of pul ses
of irradiatheh ot thed apertlesam processiing tig & estsietsakat heg paybers of

pul ses of irradiation for processing the conductor |ayers and the

I nsul at 'é@alsaé/c?ﬁ'%mo%%pgﬁél V%'t?’in@hié?ﬁ“'ih? il ' &Hékgﬁnoghé B‘?‘taﬂ(e‘%%%”t

invention I's a rocessi ng appara Irradiating a work w
| aser beam so as to process the work W|th the | aser beam havi ng a Iaser
osci | | at@f & drolesdiddmetd g &Headerstteawndacbeamlsyer dpt kealt thus.

A third constitution of the present invention is a
printed circuit board perforating apparatus in which a pulsed
laser beamoutput froma laser oscillator is introduced through
an optical system to a printed circuit board having conductor
layers and insulating layers laminated alternately, so that
a hole is processed in a to-be-processed portion of the printed
circuit board, the printed circuit board perforating apparatus
including: a sensor for monitoring emission from the processed
portion; a comparison means for comparing an output of the
sensor with a predetermined threshold value; a counter for
counting the number of pulses of irradiation with the laser
beam with which the processed portion is irradiated till the
comparison means operates; and a storage unit for storing the
number of pulses of irradiation counted by the counter; wherein

the numbers of pulses of irradiation stored by test processing



systemincluding a scanner and a processing lens for positioning the |aser

beamemtted fromthe | aser oscillator, on the work, and a quarter wave

pl at e di sposed between the processing lens and the work and for polarizing
light reflected by the work. In this case, it is preferable that the beam

scan opLLcal.a SYel RULI Neludes atol pael ane sLEPLEDLE ¢TI LOL-cAAd,R Sensi ng

means for Tecerving unn| the s eerable nlrr | ect ed by
the work is dlsposed on the opposite side to the work mnth respect to the
st eer abl#haricongiuctior lsyealrsoapd efler alylsa: lfdtding lbeamssersprgtnwady .havi ng  an
opening larger than the |aser beamentted fromthe laser oscillator is

di sposed between the beam scan optical system 9 and the |aser oscillator
and substantially coaxially with an optical axis of the |laser beam A fifth
constitution of the invention is a |aser processing apparatus for

irradi ati ng aAvbokrahtderst idssri dyeamtisopassent piroceysi athé swoldlkeseirt h t he

| aser beam having a |laser oscillator for oscillating a | aser beam a beam

o OEales LSS 08 USRI A0S BOBOREER, P9 LS Lt
so as to process the work with the laser beam, having a laser
oscillator for oscillating a laser beam, a beam scan optical
system including a scanner and a processing lens for
positioning the laser beam emitted from the laser oscillator,
on the work, and a quarter wave plate disposed between the

processing lens and the work and for polarizing light reflected

by the work.

In this case, it is preferable that the beam scan optical
system includes at least one steerable mirror, and a sensing
means for receiving light running off the steerable mirror and
reflected by the work is disposed on the opposite side to the

work with respect to the steerable mirror.

It is also preferable that a beam sensing means having
an opening larger than the laser beam emitted from the laser

oscillator is disposed between the beam scan optical system



on the work, and a beam splitter disposed between the processing |ens and
the work, wherein the work is processed with the |aser beamreflected by
the beamsplitter. A sixth constitution of the present invention is a |aser
processi ng apparatus for irradiating a work with a | aser beam so as to

P OCESS dlte RN Kalbb Mol Der 1 2061 DERDLARANG A 1\Aax 030y KA Shor

oscillating a | aser beam a beam scan optica ystemi nc i ng a scanner
and a processing lens for positioning the |aser beamemtted fromthe |aser
osci | | atawticadn axie wdr Khaddsewikgami ¢ mirror di sposed between the
processing lens and the work, wherein the work is processed wth the |aser
beamreflected by the dichroic mrror. 10 A seventh constitution of the
present invention is a |aser processing apparatus for irradiating a work
with a laser beam so as to process the work with the | aser beam having a
| aser oscil | attorfiff¢h esuigtigtitigpra dfagdre Bewmntd dsedd stakeseptical system
i ncluding a scanner and a processing lens for positioning the |aser beam

emtted i r ! ; - optd j d bet ween
The pr od B g BB B b e ok O e B o

the work, and a sensing neans for sensing the light transmtted by the
SO as to process the work with the laser beam, having a laser

oscillator for oscillating a laser beam, a beam scan optical
system including a scanner and a processing lens for

positioning the laser beam emitted from the laser oscillator,
on the work, and a beam splitter disposed between the processing
lens and the work, wherein the work is processed with the laser

beam reflected by the beam splitter.

A sixth constitution of the present invention is a laser
processing apparatus for irradiating a work with a laser beam
so as to process the work with the laser beam, having a laser
oscillator for oscillating a laser beam, a beam scan optical
system including a scanner and a processing lens for
positioning the laser beam emitted from the laser oscillator,
on the work, and a dichroic mirror disposed between the
processing lens and the work, wherein the work is processed

with the lager beam reflected by the dichroic mirror.

10



optics. According to the present invention, a hole can be processed in the
conductor layers and the insulating |layers by required m ninmum energy So
that the processing efficiency can be inproved. Since there occurs no
darmage in the conductor |ayers and the insulating |ayers, the densification
of the printed circuit board can be inproved. In the |aser processing
apparatus, a light emtting plune generated at the tinme of processing or a
refl ected beam of a processing laser is introduced into the fO | ens through
the quarter wdveeleattdy adrsthidarhispl iaft ehe tdreshdhricicemi ¥ewris 1d or the

i ke. Accordingly, the SNratio of a detection signal is inproved. As a

result, + ondjt] m e V, i.f..the
detectiéﬁﬂg?ghgﬁgggg g%ﬁ?g#%%%g?g%%Fgﬁyaggﬁ?Fghgggéégéﬁ%étgéﬁﬂggesérforned.
BRI EF DESCRI PTION OF THE DRAWNGS Fig. 1 is a configuration diagramof a
print ed lamc st asboar drpeeter ahengorlppartdt theademedi hhgan &afiimst aenbodi nent
of the present invention; Fig. 2 is a flow chart show ng a processing

procedefasé¥“é¥é¥f¥héé%th}f$£é¥1fH@¥%H'E”ﬁaser beam, a beam scan

optical system including a scanner and a processing lens for
positioning the laser beam emitted from the laser oscillator,
on the work, an optics disposed between the processing lens
and the work and for transmitting light emitted from the work,
and a sensing means for sensing the light transmitted by the

optics.

According to the present invention, a hole can be
processed in the conductor layers and the insulating layers
by required minimum energy so that the processing efficiency
can be improved. Since there occurs no damage in the conductor
layers and the insulating layers, the densification of the
printed circuit board can be improved.

In the laser processing apparatus, a light emitting
plume generated at the time of processing or a reflected beam
of a processing laser is introduced into the f6 lens through

the quarter wave plate, the beam splitter, the dichroic mirror

11



Fig. 3is a flowchart of a subroutine in the processing procedure of Fig.
2, Fig. 4is aflowchart of a subroutine in the processing procedure of
Fig. 2; Figs. B5A-5C are schematic views show ng shapes of a processed
portion according to the first enbodinment; Fig. 6 is a front view of the

vicinit Locess] accor i a_seco enbodi ne. f the
pr esentéflr ge\(/%eﬁtll&(]){%;' %ggrdibﬁgﬂé’ E%%%N;?géggmogh%vé%geﬁ%g%glg#%% C
configuration of a | aser processing apparatus according to a third
enbodi neat igpronedi ndenki aesul?  Fitge @riosesselidociordiidgrraamastioeng t he
schematic configuration of a | aser processing apparatus according to a

fourth epogdhienk Of el ONaY [RDadid: 2 85 8n0) Aok cdiiagr amyghowi ng ( he
schemati € "confrguration of a laser processing apparatus according to a
fifth enbodi ment of the invention; Fig. 10 is a bl ock di agram show ng the
schenmat htghcoudl guy abronessingl ager bpr peessimgdappar at us according to a
si xth enbodi nent of the invention; Fig. 11 is a bl ock diagram show ng the

SChemat ¢ pr DESCRIPTION OF THE DRAWINGS

Fig. 1 is a configuration diagram of a printed circuit
board perforating apparatus according to a first embodiment
of the present invention;

Fig. 2 is a flow chart showing a processing procedure
according to the first embodiment;

Fig. 3 is a flow chart of a subroutine in the processing
procedure of Fig. 2;

Fig. 4 is a flow chart of a subroutine in the processing
procedure of Fig. 2;

Figs. 5A-5C are schematic views showing shapes of a
processed portion according to the first embodiment;

Fig. 6 is a front view of the vicinity of a processing
head according to a second embodiment of the present invention;
Fig. 7 is a block diagram showing the schematic
configuration of a laser processing apparatus according to a

third embodiment of the invention;

12



configuration of a | aser processing apparatus according to a seventh
enbodi nent of the invention; Fig. 12 is a perspective view of a biaxial
scanner for wuse in the |aser processing apparatus according to the second
to seventh enbodinents; and Fig. 13 is a view for explaining a sensing

method in the _|aser processi ppar atus accordi,ng to the second to seventh
Crbod ment o BEEAT et ieadi ok, PR R e B P ee 2e s T vent o
wi Il be described bel ow based on its enbodinents and with reference to the

dr awi ngscorlfd drirasti deiraddiantakeFi Prode $§i@g Gpfd inad isarcaltdigiqaracot a printed
circuit board perforating apparatus according to a first enbodi nent of the

present invention. systemcqgntroller B is connected to an apparatus

nechani ﬁﬁﬁhiqﬁdeiﬁgh%dﬁée i th A d5¥hed dotted line, a |aser

oscillator controller D and a photo-sensor 21. As will be described later,

t he system corftirepl Iri B dhasl gelc aitpart 80 showans thd ascleonpaicng out puts from

t he phot o-sensor 21 and photo-sensors 30a-30d with a predeterm ned

threShO|é£ﬁ?Héﬁ%ation of a laser processing apparatus according to a

fifth embodiment of the invention;

Fig. 10 is a block diagram showing the schematic
configuration of a laser processing apparatus according to a
sixth embodiment of the invention;

Fig. 11 is a block diagram showing the schematic
configuration of a laser processing apparatus according to a
seventh embodiment of the invention;

Fig. 12 is a perspective view of a biaxial scanner for
use in the laser processing apparatus according to the second
to seventh embodiments; and

Fig. 13 is a view for explaining a sensing method in the
laser processing apparatus according to the second to seventh
embodiments.

DETAILED DESCRIPTION OF THE INVENTION

The present invention will be described below based on

its embodiments and with reference to the drawings.
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a counter q for counting the nunber of pulses of irradiation of a processed
portion irradiated with a |laser beamtill the conparison neans p operates,
and a storage unit r for storing processing conditions and the counted
nunber of pulses of irradiation. Energy density suitable for processing

copper %pd ener density suitable for processing an insulator are stored
in the Iﬁﬁééﬁahﬁ%m§nqn advance. In the storage unit r, the dianeter of a
| aser beam for processing copper and set values of a |laser oscillator and
respective optical systens for processing 14 copper are stored in the form
of a table for each beam node ("beam node" neans an energy distribution in

a section perpendicular to ghe ogtica! axis) . ghe | as gﬁgean1ba ed on
these set val Ge< hds *En8r Gy HERLT 2y Ui T T Gt fr BESEiS CLEGHdEr. 1n the

sanme manner, the diameter of a | aser beam for processing the insulator and
set val ugsmaf g draseimospgdraitars aandridieg espectivetopinbodli meyst ens f or
processing the insulator are stored in the formof a table. The | aser beam

based on se set values has energy density suitable for processing the
insulatdﬁ%q&ﬁé@ﬁ%ﬁ?@ﬁmﬂ?ﬁﬁ?ﬁﬁﬁ?olIer Bis instructed about the beam

A system controller B is connected to an apparatus
mechanism portion A surrounded with a dashed dotted line, a
laser oscillator controller D and a photo-sensor 21. As will
be described later, the system controller B has a comparison
means p for comparing outputs from the photo-sensor 21 and
photo-sensors 30a-30d with a predetermined threshold value,
a counter g for counting the number of pulses of irradiation
of a processed portion irradiated with a laser beam till the
comparison means p operates, and a storage unit r for storing

processing conditions and the counted number of pulses of

irradiation.

Energy density suitable for processing copper and energy
density suitable for processing an insulator are stored in the
storage unit r in advance. In the storage unit r, the diameter
of a laser beam for processing copper and set values of a laser

oscillator and respective optical systems for processing

14



node and the | aser beam di aneter, the systemcontroller B sets the |aser
oscillator and the respective optical systens so as to irradiate the

t o- be-processed portion with a | aser beam suitable for processing. The
apparatus nechani smportion A has a Iaser oscillator C, a processing head
E, opti cal stens, etc ur round t he dashed d tted linpe. The
opti cal C%@E?%nﬁreo%'i‘?’é%‘ﬁwnc%% LT B di &3 @SaT e

processing head E. 15 The | aser oscill ator C out puts a pul sed

| i near - pobashzedd¥V | asehsbeamefivayel engt hibst 36h nm heserciowhich is a
Gaussi an beamwth a Gaussi an-curved beam node. A beam shaper 2 and a beam

defl ect or for xa AOM of an ust oo j cal ste OM of an
el ect roBﬁ’f?‘E‘é\‘iﬂlgv a"rl'ée e (f‘)b"r‘rc’ t*he k&%tjf%%?rjé‘?ﬁmg]?a%e a¥er beam 1

out put fromthe Iaser oscillator C. For exanple, the beam shaper 2 can

convert tRe§aUSSE aal hedmaftendrd Pridiadi BeanisbliaE @S mrdesgs ivagle i n whi ch
the energy distribution is uniform and/or can adjust the beam dianeter of

the laser, beam 1, The beam deflsc! of,3 QULRYLS Lhe, ! PSLdent, | asgr, beam 1

processing the insulator and set values of the laser oscillator
and the respective optical systems for processing the insulator
are stored in the formof a table. The laser beam based on these
set values has energy density suitable for processing the

insulator.

When the system controller B is instructed about the beam
mode and the laser beam diameter, the system controller B sets
the laser oscillator and the respective optical systems so as
to irradiate the to-be-processed portion with a laser beam

suitable for processing.

The apparatus mechanism portion A has a laser
oscillator C, a processing head E, optical systems, etc., as
surrounded by the dashed dotted line. The optical systems
optically connect the laser oscillator C with the procesgsing

head E.
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as a first-direction | aser beam4 (primary light) and/or a |laser beam6
(zero-order light) , that is, a |aser beam 4 whose energy is Q6 (Q=100 to
0) of the laser beam 1l and a | aser beam 6 whose energy is (100-Q % of the
| aser beam 1, or as a second-direction |aser beam5 (primary light) and/or
arectilinear-direction |aser beam6, or as a |laser beam 6 in accordance
wth a conmand fromthe systemcontroller B. Wien the ratio between the 16
primary light and the zero-order light is changed, the level of the energy
of the | aser Mamléaser tdeeilldseormheam@ podars e puadasted. In addition, the
nunber of pulses of the | aser beam 1 can be controlled. It is assuned here
that the Jaser beam, 4 and Glelager Deam9,are, & ol gekzed. pA peam di amet er
adj ust i ng oV vt or 7S an &perturé sa, o 'a poﬁarizatlon di'r 66T 6n rotation
unit 40, a beamsplitter 9a and a polarizing beamsplitter 10 are di sposed
on the opticdalis axGsussishddaseritheantdubetiarenutritedbeaamdeddect&ar 3 and a
mrror 11X The aperture 8a adjusts the dianmeter of a processing spot at

the ti of sk praqjectio roc i ng. aser 4 m.tted
thr ough BT S0ReEnr & Biow bl EEk e T o o i e A a T e
phot o- sensors 30a and 30b capabl e of sensing |ight

acoustooptical system or EOM of an electrooptical system) are

disposed on the optical axis of a laser beam 1 output from the

laser oscillator C.

For example, the beam shaper 2 can convert a Gaussian
beam into a top-hat beam serving as a beam mode in which the
energy distribution is uniform, and/or can adjust the beam

diameter of the laser beam 1.

The beam deflector 3 outputs the incident laser beam 1
asafirst-direction laser beam4 (primary light) and/or a laser
beam 6 (zero-order light), that is, a laser beam 4 whose energy
is 0% (Q=100 to 0) of the laser beam 1 and a laser beam 6 whose
energy is (100-Q) % of the laser beam 1, or as a second-direction
laser beam 5 (primary light) and/or a rectilinear-direction
laser beam 6, or as a laser beam 6 in accordance with a command

from the system controller B. When the ratio between the

16



with a wavel ength of 300-800 nm are di sposed on an extension of the optical
axis of the | aser beam 4a on the side where the |aser beam4a is incident
on the beamsplitter 9a and an extension of the optical axis of the |aser
beam 4a on t he side where t he | aser beam 4a is reflected by the beam
splltter t|v 17 The bea tter ects 9% f Ilght
Wth o RiaErRndiR S “Sh0t BBOTRRY BRIt rati e TARBPeHe HEgREY

pol ari zi ng beam spli tter 10 reflects incident S-polarized and transm ts

i nci dentofPtpel aniezeq. oThehpolasezabean 4icredttieon asaatiemm Bnicardbei s

consti tuted, for exanple, by a plurality of reflecting m'rrors SO as to

rotateth |rect| nof nC| Ilgh 0. degrees.

gal vanore ]e“l% danneIP af{lEi 35t Ensttt fa EFS 3%)5%/ sﬁ A" beam

di aneter adjusting collimtor 7b, an aperture 8b, a beam splitter 9b and
t he pol ar icaimppebeamtspllileter IO igr e s stirspbdedeconhbhe thpt leakravesamof t he

| aser beam 5 between the beam deflector 3 and the gal vanoneter scanner 11.

The aperture t%b aldeis stsDetaQne iaarrreet _rpoofaIaLzoeré)_cessi ng spot at the tinme of

A beam diameter adjusting collimator 7a, an aperture 8a,
a polarization direction rotation unit 40, a beam splitter 9a
and a polarizing beam splitter 10 are disposed on the optical
axis of the laser beam 4 between the beam deflector 3 and a
mirror 11X. The aperture 8a adjusts the diameter of a
processing spot at the time of mask projection processing. The
laser beam 4 transmitted through the aperture 8a will be

referred to as "laser beam 4a".

The photo-sensors 30a and 30b capable of sensing light
with a wavelength of 300-800 nm are disposed on an extension
of the optical axis of the laser beam 4a on the side where the
laser beam 4a is incident on the beam splitter 9a and an
extension of the optical axis of the laser beam 4a on the side
where the laser beam 4a is reflected by the beam splitter 9a,

respectively.
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mask projection processing. The |laser beam5 transmtted through the
aperture 8b will be referred to as "l aser beam 5a". 18 The beamsplitter 9b
reflects 99% of light with a wavelength of 300-800 nm and transmts 1% of
the light. The photo-sensors 30c and 30d capable of sensing light with a
wavel engt h of 300-800 nm are di sposed on an extension of the optical axis
of the laser beam 5 on the side where the laser beam5 is incident on the
beam splitter 9b and an extension of the optical axis of the |aser beam5
on the side wTére bidaen dpdsiernt dred@m Srafd ecefd ete byl itdiec bearh splitter 9b,
respectively. A processing table 14 disposed in a position facing the

processi n ead can ve.Ln_X and directions. A work for —printed
circuit vbagfae:l(?%% S%baagr'gggs?gd allréd \rgorl?ﬁ%sén&t(?anhgf %ﬁ%clelsokil%g {fg& e. An nxm
range designated by the arrowin Fig. 1 is a scan area of the gal vanoneter
scanner gblladireiFicgbedm ol hertemlrtr e §1bat s anresi deaquisr-geblfeari zedkesaadi pti on are
not shown. One end of an optical fiber 20 provided with a condensi ng

optical system?20a in jts forward end.is disposed in a position, for
exanpl e,t ABSUE 40 R |esl}sca£ E?V\(/Dzralo‘:'lrﬁJ’[Zheed 't 0- be- processed

The polarization direction rotation unit 40 is
constituted, for example, by a plurality of reflecting
mirrors, so as to rotate the polarization direction of incident

light by 90 degrees.

A galvanometer scanner 11 is constituted by mirrors 11X

and 11Y.

A beam diameter adjusting collimator 7b, an aperture 8b,
a beam gplitter 9b and the polarizing beam splitter 10 are
disposed on the optical axis of the laser beam 5 between the
beamdeflector 3 and the galvanometer scanner 11. The aperture
8b adjusts the diameter of a processing spot at the time of
mask projection processing. The laser beam 5 transmitted

through the aperture 8b will be referred to as "laser beam 5a".
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19 portion so as to face the scan area. The other end of the optical fiber
20 is connected to the photo-sensor 21. The optical fiber 20 has a filter
effect and selectively transmts light with a wavel ength of 400-600 nmto
t he photo-sensor 21. Next, the operation of this enbodinment wll be

described. First, the path of the |aser beam4 wll be described. The
ener gy distriBﬁ?i%ﬁaﬂnﬁgﬁhgtﬁﬁa%?dF%ﬁi?%FSo?g%h8¥LEF§EB Was&r ®beam 1 out put
fromthe laser oscillator C are set by the beam shaper 2. The | aser beam 1

i s incidentélengtheobeain - aef IngGt and3t sanshatstihe dfewdle afigtite prihese energy
is adjusted. The |aser beam 1l is output as one of the |aser beans 4, 5 and

6. The outer dianeter_of th er be 4 is set.b he. beam . di anet er
S vt RHOEGT FERSELE 280 i, AR chaPellE et s3RanY LhgnRea e thaam 41 s
formed into a | aser beam 4a (S-polarized here) . The | aser beamd4a is
conver t gdvebhéngah R pa @4 ged iy arichdippbaeidzahi an ektection odtEie on unit

40. The laser beam 4a is incident on the beamsplitter 9a. A part of the
t.ed t hrough_t he Pgan1s litter 9€hgnﬂa§g%1 nci dent

| aser beam4a is,transmt

on the BROLBALERELT Fod Mg FEAbSt Obf ChRes fageicre
beam 5 is incident on the beam splitter 9b and an extension
of the optical axis of the laser beam & on the side where the

laser beam 5 is reflected by the beam splitter 9b,

respectively.

A processing table 14 disposed in a position facing the
processing head E can move in X and Y directions. A work for
printed circuit board 13 to be processed is mounted on the

processing table. An mxm range designated by the arrow in Fig.

1 is a scan area of the galvanometer scanner 11.

In Fig. 1, corner mirrors but ones required for

description are not shown.

One end of an optical fiber 20 provided with a condensing
optical system20a in its forward end is disposed in a position,

for example, about 40 mm distant from the to-be-processed
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beam4a is reflected by the beamsplitter 9a. The | aser beam 4a reflected
by the beamsplitter 9a is transmtted through the polarizing beamsplitter
10 and incident on the mrror 11X. The position where the |aser beam 4a
will be incident on the printed circuit board 13 is set by the mrror 11X

and the mrror 11Y. The | aser beam 4a is_jincident on th rinted. circuit
Doar d 1P TS0 ST SC68) SIF POAE X155 1 oH] SEDede it ot o PhEeEa  he
printed circuit board 13. Light conposed of a part of reflected Iight 22 of
t he | aserbdreamidacoefiéect@dbyhé btopbi-seadoei 7cuUi Thbasgstdi 3] dadera part of
processing light 23 emtted fromthe processed portion is incident on the
optical fiber 20...Ln addition, a part of. the reflected Li, 22 and a part
oF e s fng ineh 955230 ek BRAPAC N et Re FREGTIEG BAPRT BAFEI al |y, pass
the beam splitter 9a, and enter the photo-sensor 30b as a transmtted
i ght 4aa.wakke angdr ofi aret-e300fni e |@sempheamfensoset1 by t he beam
di aneter adjusting collimator 7b and the aperture 8b. Thus, the |aser beam
5is fornmed into a | aser beam5a (S-polarized 21 here) . A part of the
| aser beamb5a is transmtted through the beamsplitter 9b and incident on
t he phot o-sensor 30c, while

Next, the operation of this embodiment will be described.

First, the path of the laser beam 4 will be described.
The energy distribution and the beam diameter of the
pulsed laser beam 1 output from the laser oscillator C are set
by the beam shaper 2. The laser beam 1 is incident on the beam
deflector 3 so that the level of the pulse energy is adjusted.

The laser beam 1 is output as one of the laser beams 4, 5 and

The outer diameter of the laser beam 4 is set by the beam
diameter adjusting collimator 7a and the aperture 8a. Thus,
the laser beam 4 is formed into a laser beam 4a (S-polarized
here). The laser beam 4a is converted into a P-polarized by
the polarization direction rotation unit 40. The laser beam
4a is incident on the beam splitter 9a. A part of the laser

beam 4a 1s transmitted through the beam splitter 9a and

20



the rest of the |laser beamb5a is reflected by the beamsplitter 9b. The
reflected | aser beamb5a is incident on the polarizing beamsplitter 10. The
| aser beam 5a refl ected by the polarizing beamsplitter 10 is incident on
the mrror 11X The position where the | aser beam Sa will be incident on

the printed circui rd 13 is set_ b r 11X and th mrror 11Y.
The | BoeTBeAtET BN TS ore TR G M ERPCETL tatd el $26RFough ¢ he
focusing lens (f6 lens) 12 so as to process the printed circuit board 13.

Li ght canpesed o acpaetrel pefdiectedn sghtt22r( ber e Thd haskef beated | i ght
of the | aser beam 5a is also referred to as "reflected light 22") of the

| aser bean15 ref nted circuit boar nd. a part of
e esa i A e ol H e PorFoBPLAG LT o2ae o Bat ParErarre FherkaRt on the
opti cal frber 20 In addrtron, a part of the reflected light 22 and a part

of the pecpssbngzhhghbie 23 sgQ ibaekver dnidnihdedéme @n tge piatdor an®.ref |l ect ed
by the polarizing beam splitter 10 partially pass the beam splitter 9b,
and ent t he .photo-sensor

h30€ transnltt%g I| tjgﬁe. 22 The | aser
beam 6 i<'§ ROSHEHCTON & IFor PENORACEPPEF Rt 1S W2 &Y 0eFFeam 6 i s
converted into heat.

printed circuit board 13 is set by the mirror 11X and the

mirror 11Y. The laser beam 4a is incident on the printed

circuit board 13 through the focusing lens (f6 lens) 12 so as

to process the printed circuit board 13.

Light composed of a part of reflected light 22 of the
laser beam 4a reflected by the printed circuit board 13 and
a part of processing 1light 23 emitted from the processed portion
is incident on the optical fiber 20. In addition, a part of
the reflected light 22 and a part of the processing light 23
go backward in the incoming path, partially pass the beam
splitter 9a, and enter the photo-sensor 30b as a transmitted

light 4aa.

The outer diameter of the laser beam 5 is set by the beam
diameter adjusting collimator 7b and the aperture 8b. Thus,

the laser beam 5 is formed into a laser beam 5a (S-polarized
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Next, description will be nade on the processing procedure according to the
present invention. Here, description will be nmade on the case where a
printed circuit board having n copper layers and n or (n-1) insulating

| ayers |lam nated alternately so that the first Iayer fromthe surface of

t he prlnted circuit boar a co r ayer erfo d 21is aflow
chart sh&kicng #h@aﬁFo8Zs€?%3- 5F@| Cﬂé%ﬁfé§%hFthventlon
Figs. 3 and 4 are flow charts of subroutlnes Prlor to processing, the

fol |l ow m@gapaspietees abeasdtina@Sd@ineas kg phondi-tearsr @bk ,Skhiceor di nat es
of a test processing position (k designates a position nunber of the

processin osjti n froml to ﬁ%); (% é& he nun&e of copper
yer s (QoEost stacbed 2995 Hbar 53 {5, il Robr bRy s bR abr A55RE ¢ o be
processed,; (4) D: a | aser beam dianmeter for processing the insulating
| ayers; 9b) Enengy ldensd Yaasd Bededa tedend ddept anesdiengol beiziagul ati ng
| ayers;
beam splitter 10. The laser beam 5a reflected by the
polarizing beam splitter 10 is incident on the mirror 11X. The
position where the laser beam 5a will be incident on the
printed circuit board 13 is set by the mirror 11X and the
mirror 11Y. The laser beam 5a is incident on the printed

circuit board 13 through the focusing lens (f0 lens) 12 so as

to process the printed circuit board 13.

Light composed of a part of reflected light 22 (here,
the reflected light of the laser beam 5a is also referred to
as "reflected light 22") of the laser beam 5a reflected by the
printed circuit board 13 and a part of processing light 23
emitted from the processed portion is incident on the optical
fiber 20. In addition, a part of the reflected light 22 and
a part of the processing light 23 go backward in the incoming
path, are reflected by the polarizing beam splitter 10,
partially pass the beam splitter 9b, and enter the

photo-sensor 30d as a transmitted light 5aa.
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(6) d: a | aser beam di aneter for processing the first copper |ayer; and (7)
energy density and a beam node for processing the copper |ayers. Here,
assume that the copper |ayers are processed with the | aser beam 4a whose
energy density is 8 J/cn2 and whose beamnode is a top-hat type, and the
insulating layers are processed with the | aser beam 5a whose energy density
is 1 J/cn2 and whose beamnode is a top-hat type. In addition, assune that
the | aser beam dianeter d is set to be equal to the dianmeter of a hole to
be processed, Tad lelserdbapst éri® irsciadaral we langer shohan apperdicaset er d.
More than one portion mhich will not be any products of the printed circuit

boards in t WPrﬁ1l%_ el ected as_the tes fr.0c ng position Sk. Wen
in which the e%) 15 .CO verte n
a not - shown proce55|n Tar Ut ort i7" Ur'ne he posi ti on nunber k

is set at 1, and the Iayer nunber i is set at 0 (Step S100). After that,
the | ayer nunber i is set at 1 (Step S110). Subroutine SUB A shown in Fig.
3 is executed (Step S120), and Step S130 is then performed. In the

subr_oujti ne SUI%{eﬁ‘dt a o crnz) Q%laq(%gtm | %nea{[d corpcka(glccesg\iﬁg t he

condi ti ons of I aser

procedure according to the present invention.

Here, description will be made on the case where a
printed circuit board having n copper layers and n or (n-1)
insulating layers laminated alternately so that the first layer
from the surface of the printed circuit board is a copper layer

is perforated.

Fig. 2 is a flow chart showing the processing procedure
according to the present invention. Figs. 3 and 4 are

flow charts of subroutines.

Prior to processing, the following parameters are set
as processing conditions:
(1) Sk: coordinates of a test processing position (k
designates a position number of the processing position,

ranging from 1 to max);

(2) G: the number of copper layers to be processed;
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5600), and the nunber j of pulses of irradiation is reset as 0 (Step S610).
After that, the nunber | _of pulses of irradiation is increased by one (Step
S620) . Irradiation wth the |laser beam 4a is perforned once (one pul se)
(Step S630), and the existence of em ssion is checked (Step 8640) That

is, due o irradiation with the |aser beam 4a, the copper e

pr ocesseld whi 1% tgﬁ SHREY |Q_31J'Ij|tmf2l E?@ieﬁf plbc?c‘? ‘ﬁaser beam 4a
and processing light 23 having a mavelength of 300 800 nmwith an intensity
peak nears4)500-165Q 1BBkar Begm digfkféomdherideesssed ther inenlafdnpgartial ly
incident on the optical fiber 20. The reflected light 22 is renoved by the
filter effect of the optical fiber 20 . Processing light 23a with a
wavelenéﬁﬁ“HFL400 600 nm (hereinafter referred to as "enission") passes the
optical fiber 20 and reaches the photo-sensor 21 so as to turn on the

phot o- sefsior Znmeddyy e Liapairie e heanndi< FRamso s Hiligputhd c of the
photo-sensor 21 with a predetermned threshold value THc. \Wen the output
lc is larger, than the redeterm ned threshold value THc, it is concluded
that the TP MRy Ysetai ns (that is, processing of the copper |ayer has
not yet been

(6) d: a laser beam diameter for processing the first copper
layer; and
(7) energy density and a beam mode for processing the copper

layers.

Here, assume that the copper layers are processed with
the laser beam 4a whose energy density is 8 J/cm® and whose
beam mode is a top-hat type, and the insulating layers are
processed with the laser beam Sa whose energy density is 1 J/cm?
and whose beammode is a top-hat type. In addition, assume that
the laser beam diameter d is set to be equal to the diameter
of a hole to be processed, and the diameter D is a value larger
than the diameter d. More than one portion which will not be
any products of the printed circuit boards in the work 13 is

gselected as the test processing position Sk.

When a not-shown processing start button is turned on,
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conpleted) , and Step S620 is perforned. Otherwse, that is, when it is
concl uded that a wi ndow has been processed in the copper |ayer, the
subroutine SUB Ais termnated (Step 5640). The | aser beam 4a whose ener gy
density is 8 J/cn2 can renove the copper |ayer by depth of about 1 mat one
time of _irradiation. Therefore, for exanple, when the copper layer is 9 m
thick, iT¥a8PStTdRTWIHACEReK| 28 eFC bedim a al”éi' ttélﬁeétae‘{&r JHEPET9E tPnes. In
Step 5130, the nunber | of pulses of irradiation is stored together with
the testseltr @gessi(Bgeposibopn mfERer thaandchheageppaumbayer AgnBet i. The
nunber i is corrpared vvith the nunber G Step S150 is perfornmed when i <G

and ot hervm se St ep | erfor nmed 1§}¥St ep S140), 26.In St eg\ 5150, the
di anet ePtd lofl SERE Iséleé) ]ﬁ%utfjsner a%e%h%‘ffn(’inoFb%r)a fter that, the
copper |ayer nunber i |s corrpar ed with the nunber Z (Step S160). Wen i<Z,

a subr euddie c3UR SB egphaw o) Rirth 9t ds saacutLd Hedt e Hlohed and  Step 5180
is performed. Otherwise Step S210 is perforned. Wen the dianeter d of the
| aser beam 4a is replaced by (1-0.05i)d, the aperture 8a is changed over to
the aperture 8a with a dianmeter corresponding to the dianeter (1-0.05i)d.

In the subroutine SUB A, a processing beam is set in
accordance with the conditions of the laser beam 4a (Step
S600), and the number j of pulses of irradiation is reset as
0 (Step S610). After that, the number j of pulses of
irradiation is increased by one (Step S$S620). Irradiation
with the laser beam 4a is performed once (one pulse) (Step
S630), and the existence of emission is checked (Step S640).
That is, due to irradiation with the laser beam 4a, the copper
layer is processed while reflected light 22 (wavelength 355
nm) of the laser beam 4a and processing light 23 having a
wavelength of 300-800 nm with an intensity peak near 500-550
nm are emitted from the processed portion and partially
incident on the optical fiber 20. The reflected light 22 is
removed by the filtereffect of theoptical fiber20. Processing
light 23a with a wavelength of 400-600 nm (hereinafter

referred to as "emission") passes the optical fiber 20 and

reaches the photo-sensor 21 so as to turn on the photo-sensor
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In the subroutine SUB B, a processing beamis set in accordance with the
conditions of the |laser beam5a with a dianeter D, and the nunber | of

pul ses of irradiation is reset as O (Steps S700 and S710) . After that, the
nunber j of pulses of irradiation is increased by one (Step S720)
Irradiation wth the |aser beam5a is performed once (Step S730), and
intensit%niz of reflected light is checked (Step S740). That is, in the
case where there is a copper layer under an insulating |ayer, the intensity
lz of the reflected light 22 reflected by the copper |ayer exposed when the
insulating layer has been renopved is nmuch higher than the intensity lz of

the reflected ht 22 when the insulating | ayer is bei pr.ocessed.
Therefore. ¢ hd S EEREAY 5O G e B GHTBECET ITGIRSEBY: | o E Lot he

photo-sensor 21 is conpared with a predeterm ned threshold value THz. Wen

t he i nt eisdtdey- denhd 21 ammh & haedelie rpriedet e sles & haeskolke valwhenTHz, it is
concluded that the insulating |ayer remains (that is processing of the
i nsul ati Ia er has not yet bee cQ et ed ¢ and 87%8 | s perforned.
O horwi S (EB T b 19T A e A S Hbyt MESBRL br ocessed
in the insulating | ayer, the subroutine SUB B is term nated.

value THc, it is concluded that the copper layer remains (that

is, processing of the copper layer has not yet been
completed), and Step S620 is performed. Otherwise, that is,
when it is concluded that a window has been processed in the

copper layer, the subroutine SUB A is terminated (Step S640).

The laser beam 4a whose energy density is 8 J/cm® can
remove the copper layer by depth of about 1 pum at one time of
irradiation. Therefore, for example, when the copper layer is

9 pum thick, irradiation with the laser beam 4a is repeated

about 9+1 times.

In Step S130, the number j of pulses of irradiation is
stored together with the test processing position number k and
the copper layer number i. The number i is compared with the
numper G. Step S150 is performed when i<G, and otherwise Step

S210 is performed (Step S140).
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In Step S180, the nunber 1 of pulses of irradiation is stored together with
the test processing position nunber k and the copper |ayer nunber i. The
test processing position nunmber k is conpared with a value knmax (Step
5190). Wien k<kmax, the test processing position nunber k is increased by
one (Step S200) and Step 5110 is then perforned. Otherw se (that is, when

k kmax) Step S210 is perfornmed. In Step 5210, of the nunbers j of pul ses of
irradiation over the first copper layer or insulating layer in test 28
processi ng pogit iseep S1500 SMeX ditdhetlear gesif nirbaage0fbgum ses i of
irradiation is set as the nunber of pulses of irradiation for processing

o comBRaIaTa By I PalFat hod A sos aso0r e FhoBRG ANGTnBHRGEr

processing is perforned till perforatlng all over the commanded holes is
finished (18t epmpa3@®d vActortdienthunbdrhe pregntsignjentwesan the, nanber of
pul ses irradiation enough to process a w ndow for each of the copper

| ayers the |ns b t ers_to b erforated. is det ned y test
process.%% SHD bt S F6% nf P S, S S 00 et

Step S180 is performed. Otherwise Step S210 is performed.

When the diameter d of the laser beam 4a is replaced by

(1-0.051)d, the aperture 8a is changed over to the aperture

8a with a diameter corresponding to the diameter (1-0.051)d.

In the subroutine SUB B, a processing beam is set in
accordance with the conditions of the laser beam 5a with a
diameter D, and the number j of pulses of irradiation is reset
as 0 (Steps S700 and S710). After that, the number j of pulses
of irradiation is increased by one (Step S720). Irradiation
with the laser beam 5a is performed once (Step S730), and
intensity Iz of reflected light is checked (Step S740). That
is, in the case where there is a copper layer under an
insulating layer, the intensity Iz of the reflected light 22
reflected by the copper layer exposed when the insulating
layer has been removed is much higher than the intensity Iz

of the reflected light 22 when the insulating layer is being
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processing is perforned using the determ ned nunber of pulses of

irradiation (Step S220 and Step S230 in Fig. 2) . Accordingly, even when
the thickness differs fromone |ayer to another, the quality can be nade
uni form and the control is easy. In this enmbodiment, the diameter of the

| aser beam 4a 55|n the econd and fallo er s reduced
gr adual IRFCAEE f% ant BSOF Ahbt g%ﬂg gﬁé§§§%y hSPE i s not
damaged, but high quallty proceSS|ng can be perforned 29 In addition, the

nunber 2 puwses tef the aticald -GFendAqulr ed fmgreeesittg 4 he i nsul ating
layer is confirmed. Accordingly, it is not necessary to neke the nunber of

pul ses of rradlat on.l arger, than necessar t he Rr oG SS|ng eff|C|ency
can be i JﬁﬁFkﬁ@F g%%ﬁﬁaﬁﬂ etﬁﬁghlgﬁﬁ?b SR Epe gdﬁFe i's
possible to process not only a blind hole reaching a deS|red conductor

| ayer fnewerhe hsur frare drddedegomiamddhrdiigisHudlde valhee ernes gyitdensity of the

| aser beam 5a is not intensive enough to danage the conductor |ayer.

Therefore, th er, f puls irradiation wth the | aser beam 5a does
ot havE oG B ERa de RS A A | T e 5. may be

processing of the insulating layer has not yet been
completed), and Step S720 is performed. Otherwise, that is,
when it is concluded that a window has been processed in the

insulating layer, the subroutine SUB B is terminated.

In Step S180, the number j of pulses of irradiation is
stored together with the test processing position number k and

the copper layer number 1i.

The test processing position number k is compared with
a value kmax (Step $190). When k<kmax, the test processing
position number k is increased by one (Step S200) and Step S110
is then performed. Otherwise (that is, when k2kmax) Step S210

is performed.

In Step 8210, of the numbers j of pulses of irradiation

over the first copper layer or insulating layer in test
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perfornmed a nunber of pul ses obtained by adding a margin to the maxi num

val ue of the insulating |ayer thickness on design. The nunber of pul ses of
irradiation with a | aser beam for each |ayer is set as a naxi num val ue
obt ai ned by neasurement of the thickness of the layer. However, in the case

where the thickness of .each |a er s k in advance, for_ex an
al ar m a5 S WehEaRGh RS Hu et g S YRR b i BREIRLY oF "

al |l owabl e range determ ned in advance The out puts of the photo-sensors 30a

and 30c Jgmy rhedia@nichof edsethes, t HOmexalog, plineeubput rekdtiheibaser beam
4a or the laser beam 5a is reduced for some reason, the number of pulses

of irradiation for procesglng na& ge determ ne ch ing a %Eesently
measur ed FaPGEGFHE Fayer CPRPEKNES¥EST TR HiEt ?&gﬁnd R8| aser beam
dianeter d of the |aser beam 4a for test proceSS|ng may be set as fixed

val ues. peAfficarattiey fivibehe of i fBY SRS 6F ddmmthddd o1 Ieeguisr pdrEermefr ocessi ng
a w ndow in each layer is determned, trial processing wth a |aser beam

correspondi ng he dla ter of a hole to be. rocesse rf ormed
Wt hout HRAIOPAG0! he b ABF SRS aRECRESH BEAT Lo HATAT Eaf Lpr ocessi ng
may be eval uated.

perforating all over the commanded holes is finished

(Step $230).

According to the present invention, the number of pulses
of irradiation enough to process a window for each of the copper
layers and the insulating layers to be perforated is determined
by test processing (Step S100 to Step S210 in Fig. 2), and actual
processing is performed using the determined number of pulses
of irradiation (Step S220 and Step S230inFig. 2). Accordingly,
even when the thickness differs from one layer to another, the

quality can be made uniform, and the control is easy.

In this embodiment, the diameter of the laser beam 4a
processing the second and following copper layers is reduced
gradually. Accordingly, the entrance diameter of a processed
hole is not damaged, but high-quality processing can be

performed.
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Al t hough the beam node is set as a top-hat type in which the energy
distribution is substantially uniformin the radial direction, the beam
node may be set as a Gaussian type in which the energy distribution has a
Gaussi an curved shape. 31 Although the dianeter d of the |aser beam 4a for
processi ng the second and foll ow ng copper layers is replaced by (1-0.05i)d
(Step S150 in Fig. 2), the second and follow ng copper |ayers may be
processed with the | aser beam 4a of the dianeter d. The spot dianmeter on

t he to-be- proressedi pooh| obh&ayuhiber cONtpal ed by iheadobkimator 7, or
controlled by changing the distance between the aperture 8a (or Sb) and the

t o- be- processe ortion. The intensity. of the.reflected light 22 varies in
oeor dnreIEen £he Brofestona; PRt S b0 s hett: FrBEL et (f hat 1S,

the signal level froma processed portion at a distance fromthe |ens

center mNeeveaAsSES1yN ACCQ HanCRevbEBatPeo Gakicanhe) numBeeos flignglaes when the
| evel of a detection signal 1is corrected in accordance wth the angl es of

t he nirrgr.llx . and thf mrror, 11Y, the detectign ccurac% can be further
inprovea. irradiation larger than necessary, and the processing

efficiency can be improved.

Further, according to this processing procedure, it is
possible to process not only a blind hole reaching a desired

conductor layer from the surface but also a through hole.

The energy density of the laser beam 5a is not intensive
enough to damage the conductor layer. Therefore, the number
of pulses of irradiation with the laser beam 5a does not have
to be measured, but irradiation with the laser beam 5a may be
performed a number of pulses obtained by adding a margin to

the maximum value of the insulating layer thickness on design.

The number of pulses of irradiation with a laser beam
for each layer is set as a maximum value obtained by measurement
of the thickness of the layer. However, in the case where the

thickness of each layer is known in advance, for example, an
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Li ght incident on the photo-sensor 30b or the 32 photo-sensor 30d may be
split into two, one of which is used for detecting light with a wavel ength
of 355 nm and the other of which is used for detecting light with a

wavel ength of 400-600 nm Al though the energy density for processing the

i nsul ati | ayer is fixed in the aforepenti ned enbodi nen t he energy
density b a@hkﬁg@dvﬁgl %ﬁ? FH?OHBWB%F08 s@?%ﬁeSF?é 1r§$§%€¥é?8 schemati c
vi ews showi ng shapes of a processed portion in the aforenentioned

pr ocessiing qutoeddwre.al dvwslflfd X andes @itvamitreceach cbndited or | ayer 50i and
each insulating layer 51i of the printed circuit board 13 so that the
suffix i is 1 for the uppernost (surface side) ones in Figs. b5A-5C 1In
Figs. 5A-5C, the upper row designates the cases where a copper |ayer is
processed, and the | ower row designates the cases where an insulating |ayer

i s processed. Theeogy pdessidfy thdE ghpteacknsase 39 aexpidessed nyy et ght . As
shown in Fig. 5A when processing of an insulating layer 511 is started

(Lhat | S MEdiat el a1 Ler, pr.ogeRs! Nthe b SoBRSEnl W/SLe Sy 4110 eneray
or the laser beam 5a is reduced for some reason, the number

of pulses of irradiation for processing may be determined

excluding a presently measured value of the layer thickness.

The energy density and the laser beam diameter d of the
laser beam 4a for test processing may be set as fixed values.
After the number of pulses of irradiation required for
processing a window in each layer is determined, trial
processing with a laser beam corresponding to the diameter of
a hole to be processed may be performed without changing the
energy density, and the result of the trial processing may be

evaluated.

Although the beam mode is set as a top-hat type in which
the energy distribution is substantially uniform in the radial
direction, the beam mode may be set as a Gaussian type in which

the energy distribution has a Gaussian curved shape.
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but | ow enough not to process the copper layer 501 (for exanple, 3J/cne)
After the insulating layer 511 is processed by about 70%of its thickness
on design, the energy density is set to be 1 J/cnR2. Wien the energy density
of the laser beamis controlled thus, the processing efficiency can be

i nproved, and the insulating |layer can be prevented fromremaining in the
hol e bottom As shown in Fig. 5B, the energy density for processing an
insulating layer may be varied in three | evels. Wen the energy density of

a | aser beam hstdenghokheddtihueretrhg sifdehewalalseef bR drols tipbe fornmed can
be made snoboth. Wen the first conductor |ayer and the second conduct or
| ayer are connected with each ot?e the dianeter, D of the | aser _beam 5a
for prof&SSFPRTFHeFF radCIHS @t ﬂél%{gyag TREP Y TReGE S $AnFFRISERAn the
dianeter d of the | aser beam 4a as shown in Fig, 5C. In such a manner, a

consti t went1renber) af (4thep dJisuliat Frg. | Ayercrgasieciogd BYJIPFOTESHiAY 1S
exhausted rapidly fromthe surface so that a hole wwth a snooth side
surface can b&ﬁforned. In any case, plating with | ess defect _can be

per f or TEQPPSF LAYSTHI BRY nfge frioRe’e=st H: &36E 1 REaéEr Obebhifsa i s

diameter d.

The spot diameter on the to-be-processed portion may be
controlled by the collimator 7, or controlled by changing the
distance between the aperture 8a (or 8b) and the to-be-processed

portion.

The intensity of the reflected light 22 wvaries in
accordance with the angles of the mirror 11X and the mirror
11Y (that is, the signal level from a processed portion at a
distance from the lens center decreases in accordance with the
distance). Accordingly, when the level of a detection signal
is corrected in accordance with the angles of the mirror 11X
and the mirror 11Y, the detection accuracy can be further

improved.

Light incident on the photo-sensor 30b or the
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controlled so that a taper angle a of the side surface forned in an

insulating layer is 10-90. Here, the taper angle a of the inner surface of a
hol e can be changed by controlling the beam shaper to thereby control the
radi al energy distribution of a |aser beam That is, for exanple, the taper

angl e a can be increased when the rate with which pge energy density in the
cent er ég?cfti%‘r?ed?sqq'néngg‘@ry gﬁeﬁ&li”é R r fi%al9 ‘“fhd\ﬁg’rgst Héeaeri pher al
portion is increased. Next, description will be described on a specific

exanpl e.fdPaeeessing Exanpleith sARaReCenat Brd Al sEohassat@Mal Bthgrsubstrat e)
having a copper layer thickness of 12 mand an insulating |ayer thickness

of 60 mwas. processed with a top-hat beam.of a |aser beam4a (wth a pulse
f requenc%tl\gi‘f’hg‘f:hé(? Y w\%“t#?%ﬁ?%ﬁﬁ ﬁ_ﬁghaé’ﬁstihti‘lwé‘f"e efllch%QOn%ﬁS 0ae3Paneter of

45 m In this case, a w ndow could be fornmed in the first conductor |ayer
by 11 3,mpul ses. In this event, the depth of a hole fornmed in the first
insulating |layer was not |arger than 3 pm It was confirmed that the first
insulating |ayer was hardly processed with the

Although the energy density for processing the
insulating layer is fixed in the aforementioned embodiment,

the energy density may be changed halfway through processing.

Figs. 5A-5C are schematic views showing shapes of a
processed portion in the aforementioned processing procedure.
A suffix i is given to each conductor layer 50i and each
insulating layer 51i of the printed circuit board 13 so that
the suffix i is 1 for the uppermost (surface side) ones in Figs.
bA-5C. InFigs. 5A-5C, the upper row designates the cases where
a copper layer is processed, and the lower row designates the
cases where an insulating layer is processed. Energy density

Heg in each case is expressed by height.

As shown in Fig. 5A, when processing of an insulating
layer 511 is started (that is, immediately after processing

of a copper layer 501), the energy density may be made high
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| aser beam 4a. The energy density was set stepwise (1.6, 1.0 and 0.8 J/cn®R)
in accordance with the remaining thickness of an insulating |ayer, and
three-step processing was perforned with a total of 70 pulses. Also in this
case, it was confirned that good hole quality and hol e shape coul d be
obt ai ned. Wen the ener%y density was 1 J/cnR, there was no case that a
copper |¥er oprowmy8Pta PHOGEES tHE FaPRErwWeaY arfdetfobe*@i® lshape of a
hole formed in the insulating |ayer was defective in spite of extra

irradi atipnendith 2bost He @Hlsﬁﬁéitiﬁ%tﬁéyéﬂ%l'l”§§|ﬁfé@gséé&%y hadreen
removed. In order to prevent the hole quality fromdeteriorating due to
high-tenﬁeratune deconposed substances, it is desired that so-called cycle
processi M (Florl tex &Mpicknagife AN FEA4TEL | BRC SReFEW JTItheldmSaE p& f or ned 20
pul ses for form ng one hole, f ive to-be-processed portions are grouped,

and a cygd ey i 5y WA chynd8 the dhveyy aades Prpcessere PPssEPNSafeikrradi at ed
once one by one with the |aser beamis repeated 20 pulses) is perfornmed in

real processing. Here, the diameter of the |aser beam for processing the
n-th condkrRberlles drhvs et R IRe 03w G fird eicamseey bef impeoved,

and the insulating layer can be prevented from remaining in

the hole bottom.

As shown in Fig. 5B, the energy density for processing
an insulating layer may be varied in three levels. When the
energy density of a laser beam is controlled thus, the side

wall of a hole to be formed can be made smooth.

When the first conductor layer and the second conductor
layer are connected with each other, the diameter D of the laser
beam 5a for processing the first insulating layer may be made
smaller than the diameter d of the laser beam 4a as shown in
Fig. 5C. In such a manner, a constituent member of the
insulating layer gasified by processing is exhausted rapidly
from the surface so that a hole with a smooth side surface can
be formed.

In any case, plating with less defect can be performed

34



| aser beam for processing the (n-1) th conductor layer. It is, however,
preferable that the dianmeter of the | aser beamfor processing the n-th
conductor layer is made equal to the dianmeter of the bottom of the hole
processed by the |aser beamfor processing the (n-1)th conductor |ayer. The

present .invention is not limted to punchin t hod, but it can be
appl i ed %aaphtaéﬁélﬁnipﬁﬁcﬁﬁsh&cf Whec P hape z?rynég‘r?ogeafscﬁr fGtRs@ n a hole with
a |l aser beam having a smaller dianeter than the dianmeter of the hole. Mst

of the laserdigam 48 Lt ecteddy ahBeeMiréOrenkl sand sartatingotheaf ocusi ng
lens 12 is transmtted through the focusing |lens 12. However, a snall

mnority of the |aser beam 4a is reflected by the surface of the focusing
|l ens 121iMafdd 1igeed aydd¥ndrd St ithd G19%nmi ng path so as to enter the 37
phot o- sensor 30b. That is, the |aser beam 4a reflected by the processed
portion and the | aser beam 4a reflected by the surface of the focusing |ens
12 are incident on the photo-sensor 30b sinmultaneously. In this enbodi nent,
it is necessa%y to identify only the |aser beam 4a refl ected by_the
processed poFEiren. LIReCRRSEr 2PBAM WP F % dted by UHé csurfadelBt et he
focusing lens 12 is regarded as noise. Therefore, the

can be changed by controlling the beam shaper to thereby control

the radial energy distribution of a laser beam. That is, for
example, the taper angle a can be increased when the rate with
which the energy density in the center portion of the laser
beam is reduced radially toward the peripheral portion is

increased.

Next, description will be described on a specific
example.

(Processing Example 1)

An RCC material (glass containing substrate) having a
copper layer thickness of 12 um and an insulating layer
thickness of 60 pm was processed with a top-hat beam of a laser

beam 4a (with a pulse frequency f of 30 KHz) with an energy

density of 8 J/cm® and a diameter of 45 pm. In this case, a

window could be formed in the first conductor layer by 11
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intensity range of the | aser beam 4a reflected by the surface of the

focusing lens 12 is obtained in advance. The intensity of the |aser beam 4a
reflected by the surface of the focusing lens 12 is subtracted froma

detected val ue of the photo-sensor 30b. Wen the intensity obtained thus is
used as the intensity of the reflected light 22, it is possible to inprove
the deteetson. atouwrlacy emeart peheotentimgfaa donidudameldayartieifigstpr ocessed
is finished and the detection accuracy when perforating an insulating |ayer

is finis 1 1.Seco odi rent | the_in enS|t of therflect d I'ight
22 inci d{eﬁj“l rhap}ﬁe?o asser?s?otr 1§5 elrstﬁg 5tH@ det ec”tl on cLUIInaéje may be

| onered. 38 Next description wll be made on a nodificati on of the pr esent
i nvent i ophatFitde 6irstaimsehat Vi@ afen wesvherdiyypobcaspedoaisdi e head
according to the nodification (second embodi nent) of the present invention.
A l/4-Xp %@éle 00, S gl sposed on the printed circuit board 13 side of the
focusing lens 12. e 1/4-X. plate 60 is characterized by outputting

The energy density was set stepwise (1.6, 1.0 and 0.8
J/cm?) in accordance with the remaining thickness of an
insulating layer, and three-step processing was performed with
a total of 70 pulses. Also in this case, it was confirmed that

good hole guality and hole shape could be obtained.

When the energy density was 1 J/cm?, there was no case
that a copper layer just under an insulating layer was damaged
or the shape of a hole formed in the insulating layer was
defective in spite of extra irradiation with about 10 pulses

after the insulating layer had been removed.

In order to prevent the hole quality from deteriorating
due to high-temperature decomposed substances, it is desired
that so-called cycle processing (for example, when irradiation
with a laser beam ig performed 20 pulses for forming one hole,

five to-be-processed portions are grouped, and a cycle in which
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incident linearly polarized light in the formof circularly polarized

| ight, and outputting incident circularly polarized Ilight in the form of
linearly polarized light. Wien circularly polarized light is reflected, for
exanple, by a mrror, the polarization direction of the reflected
circularly %olarized light is reversed, that is, the rotation djrection

t her eof G€ tdNEnHRAPBYPTEEEEGHRIT T THRP 1167 & THATER 1S TG OF&r PY

pol ari zed |ight whose rotation direction has been reversed is incident on

the 1/ 4-oke plidte t6Q agaier, bbb Rl akpeatbanzodputstbpnithgeesbringdrot ated by
90 degrees with respect to the polarization direction at the tine of the

i ncidence. That is, for exanple, when the light incident on the 1/4-.plate
60 is aPHSlamTASESSIT 1ight reflected by the processed portion and
output fromthe 1/4-2, plate 60 (that is, the reflected |ight 39 22) is an
S-pol arized. The mrror 11Y is constituted by a beamsplitter transmtting
light with a wavel ength of 500-550 nm and a photo-sensor 50 is di sposed on

the transm ssion side of the mrror 11Y. ng hat o- sensor 50 detects |ight
having a wav&S&iTgt HESf‘ES%‘D@‘S%?é Q#nté‘ﬁd%i’"%ﬂ ?%H YRR CESFES It&?er. Next ,
the operation of the second enbodi nent will be

n-th conductor layer was set to be 95% of the diameter of the

laser beam for processing the (n-1)th conductor layer. It is,

however, preferable that the diameter of the laser beam for

processing then-th conductor layer ismade equal tothediameter

of the bottom of the hole processed by the laser beam for

processing the (n-1)th conductor layer.

The present invention is not limited to a punching
method, but it can be applied to a trepanning method which is
a method for processing a hole with a laser beam having a

smaller diameter than the diameter of the hole.

Most of the laser beam 4a reflected by the mirror 11 and
entering the focusing lens 12 is transmitted through the
focusing lens 12. However, a small minority of the laser beam
4a is reflected by the surface of the focusing lens 12, and

goes backward in the incoming path so as to enter the

37



described. A linearly polarized (P-polarized) |laser beam4a incident on the
1/4-1, plate 60 is emtted fromthe 1/4-A plate 60 as a circularly

pol ari zed | aser beam 4a (4ac in Fig. 6). The circularly polarized |aser
beam 4a IS inci dent on a processed portion. Even when the light is changed

from ol arjzed ht . to circul arl olarize l'igh ternms of
t he poI 8 O? \F/S S@Fr &0P; oﬁplh hife § ﬁr@sé’ﬁ %@gmléha TR ‘%FY tReis
therefore possible to obtain the same processing result as that in the case

of processicegsedigord i fieanty ol askzekdn ghtre fReIJreA B¢ dHegbtirRacécircul arly
pol ari zed | aser beam 4ac) 40 reflected by the processed port| on goes

backward i n th i ncom ath, and |l eaves the 1/4-a, plate
S-pol ar Pfelibfef? %E?eﬂgnf?@$t1§2“xTH€C$ 8FaPPzEBer%??%gféﬁnFP§h§092 is

reflected by the polarizing beamsplitter 10, and incident on the photo-

sensor 3Qew1©antbesoiherrhaitth s tdibddseintbeann 4ias nefdesé gy obo the surface
of the focusing Iens 12 passes the polarizing beam splitter 10 and enters

t he phot, -sen ccordin this i ment, the detection

accur acy %é( P Ve |aIS§P& Tc &R g@fﬂ'&%e SW rrfe:esseéj
portion. The laser beam 4a reflected by the surface of the
focusing lens 12 is regarded as noise. Therefore, the
intensity range of the laser beam 4a reflected by the surface
of the focusing lens 12 is obtained in advance. The intensity
of the laser beam 4a reflected by the surface of the focusing
lens 12 is subtracted from a detected value of the photo-sensor
30b. When the intensity obtained thus is used as the intensity
of the reflected light 22, it is possible to improve the
detection accuracy when perforating a conductor layer being
processed is finished and the detection accuracy when
perforating an insulating layer is finished.

[Second Embodiment]

When the intensity of the reflected light 22 incident
on the photo-sensor 30b is low, the detection accuracy may be

lowered.
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out put of the photo-sensor 30d is nonitored. In the sane manner, the
detection accuracy of the reflected |ight 22 of the | aser beam 5a can be
made hi gh when the output of the photo-sensor 30b is nonitored. Here, when
the depth of a hole processed is increased, the intensity of em ssion 23a
becones | ower. Therefore, the detection accuracy of the photo-sensor 21 may
be | owered. TeXtor desiong paiginevbeét wee madse caxa snedi f heaphon s éhsor 50 and
the axis of the hole being processed is snaller than the crossing angle

bet ween t.he axi siJWer?J%rPhOt o-sensor 21 and the axis of 41 the hol e being
processed. Accordingly, the intensity of the enission 23a incident on the

photo-sensor 50 is higher than the intensity of the em ssion 23a incident
on the photo- Bensdr i21a Thast vhewaek ity ita nidentdf ¢ precesisigigon 23a can
be i nmproved when the output of the photo-sensor 50 is nonitored. The

phot o- sensok s, 303 AR, ggctﬁ%oﬁf&%%%gd<g¥canahéﬂod%&%fpaé kher and a

phot o- sensor. The third beamsplitter i I spose et ween the | aser
oscillator 1 and the beamdeflector 3 so as to reflect 99%of light with a
wavel eng@resfnl008ac1em and transmit 1% of the Iight. The photo-sensor is
di sposed on the transm ssion side of the third beamsplitter. In this
Al/4-Aplate 60 is disposed on the printed circuit board
13 side of the focusing lens 12.
The 1/4-A plate 60 is characterized by outputting
incident linearly polarized light in the form of circularly
polarized light, and outputting incident circularly polarized
light in the formof linearly polarized light. When circularly
polarized light is reflected, for example, by a mirror, the
polarization direction of the reflected circularly polarized
light is reversed, that is, the rotation direction thereof is
changed by 180 degrees. Therefore, when the circularly
polarized light whose rotation direction has been reversed is
incident on the 1/4-A plate 60 again, the polarization
direction thereof is rotated by 90 degrees with respect to the
polarization direction at the time of the incidence. That is,
for example, when the light incident on the 1/4-A plate 60 is

a P-polarized, the light reflected by the processed portion

and output from the 1/4-X plate 60 (that is, the reflected light
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case, the photo-sensors 30a and 30c do not have to be provided. Though not
shown, the beamsplitter 9a nay be replaced by a pair of beamsplitters.
The pair of beamsplitters is disposed so that their rotation axes are
skewed from each other. The beamsplitters are designed so that each beam
splitter can rotate around its rotation axis (that is, a pair of steerable
mrrors %e I PosedPIistiZRf of the beamsplitter 9a) . Thus, the
irradiation positions of two beans are controlled individually so that two
different sites on the printed 42 circuit board can be processed. Further,
the | aser beam 4a, 5a may be split, for exanple, into two by a beam
splitter so that the two can be supplied to two processing heads
respectivel y. TE6r TEXHAI &1 ¥Hen astditedest ohe haant ePkitre’iit board is
wi de, test processing may be perforned again in the mddle of processing.

Ref | ect ad-dr Gt tAME MO BY PerLRackRin A i HOEass] Nghdya way of
caution. In such a manner, the reliability of processing can be further

i nproved. The |aser oscillator 1 generally has a frequency-out put

char act e ERET0IT DS IHFP @p &het hEapaserséssi BiLdeoPt thencreases
till the frequency reaches a certain val ue.

mirror 11Y. The photo-sensor 50 detects light having a

wavelength of 500-550 nm and reflected from a copper layer.

Next, the operation of the second embodiment will be
described.

A linearly polarized (P-polarized) laser beam 4a
incident on the 1/4-X plate 60 is emitted from the 1/4-A plate
60 as a circularly polarized laser beam 4a (4ac in Fig. 6).
The circularly polarized laser beam 4a is incident on a
processed portion. Even when the light is changed from
linearly polarized light to circularly polarized light in
terms of the polarization direction, there is no change in the
energy. It is therefore possible to obtain the same
processing result as that in the case of processing with

linearly polarized light.

Reflected light 22 (circularly polarized laser beam4ac)
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However, the output decreases after the frequency reaches the certain
value. That is, the output characteristic of the laser oscillator 1 draws
an upward convex curve when the abscissa designates the frequency and the
ordi nate designates the output. The value of the energy density can be
obtained by 43 dividing the output by the frequency. Even when the val ue of
t he enenmfldensidlyy thefpxerksddibpproteasiocrs sadidvdtrdns i€ inebmiggt er m ned
uni quel y. However according to experi mental results, it is effective to

i ncrease th t e_out put nd he uency when i,s intended taq increase
the pro sEGVes, ?s}‘é?]fae%i iPe 30> rBGE@éll?SfihrFEgeSG? fut and the

frequency Wnen it is |ntended to inprove the processing quality. [Third
Enbodi manightFeg.. TThes Sa paleak zdidcagedieshedi hijjghhe2 = dhemetfilecteenbiygur at i on
of a | aser processi ng apparatus according to a third enbodi nent of the

pr esent |nven i_on. ; 7 n.the Iaser roc 55|n appar a accordi ng
to this AbERTEAE né; q?%ﬂ]slp& &Rt &° ’pS‘Pfil Tnﬁa n QESSP%’PE& ng control
portion 103 for positioning and controlling a board 111 nounted on an X-Y
tabl e 1llknsadiadl.aski ttenbtheriednd othk02aker soahrad ldgfd ected on

the surface of the focusing lens 12 passes the polarizing beam

splitter 10 and enters the photo-sensor 30b.

That is, according to this embodiment, the detection
accuracy of the reflected light 22 can be made high when the

output of the photo-sensor 30d is monitored.

In the same manner, the detection accuracy of the
reflected light 22 of the laser beam 5a can be made high when

the output of the photo-sensor 30b is monitored.

Here, when the depth of a hole processed is increased,
the intensity of emission 23a becomes lower. Therefore, the
detection accuracy of the photo-sensor 21 may be lowered.
The crossing angle between the axis of the photo-sensor 50 and
the axis of thehole beingprocessedis smaller than the crossing

angle between the axis of the photo-sensor 21 and the axis of
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a |laser beam 105 with which the board ill will be irradiated. A |aser
oscillator 104 is connected to the |aser control portion 102. The | aser
oscillator 104 emts the | aser beam 105 based on a conmand fromthe | aser
control portion 102. A mask 106 is di sposed under the |aser oscillator 104,
44 and a polarizing beamsplitter 107 is disposed further under the mask.
The | asehebbanelbbingi predefsem t Becloasiemgdsci kthet onteh@4 tiysoifnthdent on t he
pol ari zing beamsplitter 107 through the nask 106. The pol ari zi ng beam

opti cal DACRER fna TEsarns o TR8 EyShe e RERETal TR ARRRRTFRAtC: (he

| aser beam 105 by 90 degrees. The | aser beam 105 whose traveling direction
has beenthehamgedsiisyi wtfr ddec ethiisstiona 23icaxinali derdanmer t1G8 piivtwhr will be
described in detail later. An fOlens 109 is disposed wunder the biaxial

scanner , a rt i I ; 1.5 . di sposed be n fhe fO lens
109 ands%%%oﬁﬁg?d I%%g’fﬁee fﬁ%ﬁ%ﬁ;§%é%%%¥5§6%£§§ﬁ$f% S %gﬁﬁhé?g of the
| aser beam 105 incident on the fOlens 109. The | aser beam 105 passes

t hr ough bet treppereed ghewantee phapet L0t hagphct camerised 501 i poeitledeedi ned
position of the board 111. The | aser beam 105 applied on the board 111 is
reflected

The photo-sensors 30a and 30c may be replaced by a third
beam splitter and a photo-sensor. The third beam splitter is
disposed between the laser oscillator 1 and the beam deflector
3 so as to reflect 99% of light with a wavelength of 300-800
nm and transmit 1% of the light. The photo-sensor is disposed
on the transmission side of the third beam splitter. In this

case, the photo-sensors 30a and 30c do not have to be provided.

Though not shown, the beam splitter 9a may be replaced
by a pair of beam splitters. The pair of beam splitters is
disposed so that their rotation axes are skewed from each other.
The beam splitters are designed so that each beam splitter can
rotate around its rotation axis (that is, a pair of steerable
mirrors are disposed instead of the beam splitter 9a). Thus,
the irradiation positions of two beams are controlled

individually so that two different sites on the printed
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by a copper foil portion belonging to the board 111, so as to generate a
board refl ected beam 113. The board refl ected beam 113 travels through the
optical path in the opposite direction to the direction of the |aser beam
105 emitted fromthe |aser oscillator. That is, the board refl ected beam
113 passes 45 through the quarter wave plate 110, the f6 lens 109 and the
bi axi al stecnner H&8rdinchn e peacdesed he pol ari zi ng beam splitter 107. In
this polarizing beamsplitter 107, the board reflected beam 113 is not
reflected but transmitted by the polarizing beamsplitter 107 differently
fromthe | aser beam 105. A condenser |ens 115 to which the board reflected
beam 113 transmtted thus will be introduced is disposed at the back of

the pol ari zi ngrhedmspkhet BasdObeathea pGar day ¢fd ept ed, btamexbiplegndensed by
this condenser lens 115 is introduced into an optical sensor 116. The

tical 116 ts the board reflected beam 113 int lectri
o gnal . TGS S (o TS Tode £5oh brEeses AGTEPFoF RISt 0

portion 117 and judged as to a processing error. Fig. 12 is a perspective
vi ew showd ngvd herdiesd flg sieeaderre et IRl pj axi al scanner 108 has two
steerable mrrors 120 and 121. one steerable mrror 120 can swi ng around a
hori zont al

For example, when the area of one printed circuit board
is wide, test processing may be performed again in the middle
of processing. Reflected light or emission may be checked
during processing by way of caution. In such a manner, the

reliability of processing can be further improved.

The laser oscillator 1 generally has a frequency-output
characteristic as follows. The output of the laser oscillator
1 increases till the frequency reaches a certain value.
However, the output decreases after the frequency reaches the
certain value. That is, the output characteristic of the laser
oscillator 1 draws an upward convex curve when the abscissa
designates the frequency and the ordinate designates the

output.

The value of the energy density can be obtained by
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axis so as to nake the | aser beam 105 scan a to-be-processed area of the
board 111 nounted on the XY stage 112 in the X-axis direction. The other
steerable mrror 121 can swing around a vertical axis so as to nmake the
| aser beam 105 scan the to-be-processed area of the board 111 in the Y-axis

directiagn. .46 The two steerable mrrors 120 and 121 are_ di sposed
orthogo%&WPé?nﬁhEhﬁo%V?P%Eﬂﬁ@tgﬁh?F@HuﬁﬁFyro@“THS“gﬁﬁkF5ﬁéva9H€ Pt ati on
angles of the steerable mrrors 120 and 121. When processing in the

t 0- be- proeessety Pl didiyng st hiexdd Axhal procasseng ihd i fomd shednothe XY
stage 112 sets and positions a next to-be-processed area of the board 111
in the scan area , of .the _biaxial scanner 108. The operatjons of the

pol ari zf§ SBEAMESHMPEARELY07 BRI Ve e HIRREENNaR PIREEIRIBEAL I | be
described below with reference to the schematic view of Fig. 13. The

pol ari ziraguheam isphstéefedOivé st haladid pRR DY her 8usputt kAg Phpol ari zed
light which is |ight having an oscillating direction parallel to the paper
of Fig. 13, and reflecting S-polarized |ight ich is light having an
osciIIaFFﬁ&uEPF§€Y¢%%Jﬁe%%éﬁﬁFEGFQﬁ“?6nFﬁ ASEApt PEPCESFITERSPYREN t he | aser
beam 105 emtted fromthe laser oscillator 104 is S-polarized, the |aser
beam 103n3si 4 Q@ ffective to reduce both the output and the frequency

when it is intended to improve the processing quality.

[Third Embodiment]

Fig. 7 1s a block diagram showing the schematic
configuration of a laser processing apparatus according to a
third embodiment of the present invention. In Fig. 7, in the
laser processing apparatus according to this embodiment, a
machine control portion 101 has a positioning control portion
103 for positioning and controlling a board 111 mounted on an
X-Y table 112, and a laser control portion 102 for controlling
a laser beam 105 with which the board 111 will be irradiated.
Alaser oscillator 104 is connected to the laser control portion
102. The laser oscillator 104 emits the laser beam 105 based

on a command from the laser control portion 102,

A mask 106 is disposed under the laser oscillator 104,
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reflected by the polarizing beamsplitter 107, and the angl

beam 105 is controlled by the biaxial scanner 108 so that the |aser
105 is incident on the fOlens 109. The fdens 109 is constituted by a

e of the |aser

plurality of |enses 109a, 109b, .. . for conpensating aberration etc.,

t he opposite sides of 47 each | ens 109a . ar oat
o | oot 8 i PROSELARDS: BERBCPPLECTET il Bl ke ﬁ%egéﬁF

reflection to a good extent but cannot prevent reflection

CHH

perfe

anti
Pfevent
ctly.

beam

and

Usual | y,tHd maski naviet abter thizaal how drefd tagd feBmofhe abeuwlr 8s¢%3.06€8rri ng in
each surface. Wen reflection of about 0.1% occurs in each surface of each

| ens 109a, reflectgp ht . corr EFndlng to the_ nunber _of
i s incidéft 1SordncHde IQ IhRgPBeZ

114. The | ens reflected beam 114 is not transmitted through

| ense

s. 109a,

£pPPtPERT™1BR 450671 éAS FBFPEBRed beam

t he pol ari zing

beam spldHd eask0vobut Theayel srasingfHent edlikight 10 ovwas dildhe Jeasat
oscillator 104. The |aser beam 105 transmtted through the fO lens 109

ala

used for proc ssigg tgg board 11%. In this event, ther

di f f er erfde 3P &bSbrint FERTEF St Het N aseiPHeam1b eb%FPWe‘éﬁ %%‘i:hhqan
| ayer and each conductor |ayer belonging to the board 111 forned into
mul tipl e dspebsamACeorst B¢l Yo dignge the direction of the laser beam

bFati ng

105 by 90 degrees. The laser beam 105 whose travelingdirection

has been changed is introduced into a biaxial scanner 108 which

will be described in detail later. An f0 lens 109 is disposed

under the biaxial scanner 108, and a quarter wave plate 110

is disposed between the f0 lens 109 and the board 111.

The

biaxial scanner 108 controls the angle of the laser beam 105

incident on the £0 lens 109. The laser beam 105 passes through

the quarter wave plate 110 and is applied on a predetermined

position of the board 111.

The laser beam 105 applied on the board 111 is reflected

by a copper foil portion belonging to the board 111, so as to

generate a board reflected beam 113. The board reflected beam

113 travels through the optical path in the opposite direction

to the direction of the laser beam 105 emitted from the laser

oscillator. That is, the board reflected beam 113 passes
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board reflected beam 113 varies in accordance with the difference in
absorption. Cenerally, the conductor layer is higher in reflection than the
insulating |ayer. Therefore, when the reflected beam 113 can be sensed,
nonitoring to know which 48 is being processed, the conductor |ayer or the
insulating |layer can be perfornmed. The reflected beam 113 can be sensed
easi | y itfthtdegls iHeacpianrtougwsess pdfattehd Ioarthel £P ilenlsow oeneugh the be
regarded as snooth. However, the reflected beam 113 may be refl ected

conabot ar Taybr TR biar A LLL e TR T oavel SratK ot~ 1Pe T4a8r “beam 105

applied on the surface. In this case, the light intensity of the reflected
beam 113pkidfiewciled -byIn kaiscpptanizinadaam gpailtgerol e Wpt bealrdsensor
116 becomes so slight that the lens reflected beam 114 reflected by each

surface t es| 4 s; el i The iknflu e of this
surface %)fulg%ﬁceiog Bo th%1 olaErF] %ﬂiigb%%)%efd qg%@ng%f%&%rﬂlsbgﬁ% nﬂg ehe
short-wavel ength |l aser is used. In order to solve this problem according to
this erboldimeFing teawsalisterale’ plaftendntliys Biepddwl lsaaedsarhe board
111 and the fO lens 109. When the | aser beam 105 has

105. A condenser lens 115 to which the board reflected beam
113 transmitted thus will be introduced is disposed at the back
of the polarizing beam gsplitter 107. The board reflected beam
113 condensed by this condenser lens 115 is introduced into
an optical sensor 116. The optical sensor 116 converts the
board reflected beam 113 into an electric signal. The
converted signal is sent to a processing error diagnostic

portion 117 and judged as to a processing error.

Fig. 12 is a perspective view showing the biaxial scanner
108. The biaxial scanner 108 has two steerable mirrors 120 and
121. One steerable mirror 120 can swing around a horizontal
axis so as to make the laser beam 105 scan a to-be-processed
area of the board 111 mounted on the XY stage 112 in the X-axis
direction. The other steerable mirror 121 can swing around a
vertical axis so as to make the laser beam 105 scan the

to-be-processed area of the board 111 in the Y-axis direction.
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penetrated the quarter wave plate 110 (outward), the |aser beam 105
transmtted through the quarter wave plate 110 becones polarized
circularly. On the other hand, when the | aser beam 49 105 reflected by the
board 111 has penetrated the quarter wave plate 110 again as the board

reflected beam 113 (h war,d the pol arization direction turns 90 degrees.
The | eng FN@b?&&egégﬁglfﬁréﬁﬂstH@Ob8§@d1?éfPé@té&%ﬁ%ﬁﬁd113 return

t oget her through the sane optical path and reach the polarizing beam

spli tt eort®bgohe 1hensriefd@set eitbpaam dddk rd s geft 8eh edobycbherpdkari zi ng
beam splitter 107 because its polarized state remains S-polarized. However,

t he boar?l reflected b an11%3 is transmtted through thg polariﬁing beam
spl i t t e NEO7°bRELAR @NFE HBF 4t 8H ST 3P4 SIS BT &%ioz%’a due' - t 8"ERe turn of

90 degrees. The board reflected beam 113 transmtted thus passes through
t he congerseisdiers ihle hand d-He -ipHocediseed airelko udiecopiie i pensor 116.
According to this enbodi nent, the | aser processing apparatus has the
guarter wave plate 110_between Hﬂgan |l ens 109 and the _board 111 so that
only thé&eamr éf’ﬁe&?eﬁl%}/gﬁ%' P BERSEan 1BeSSERsRRdRIRSt b1PRE

pol arizing characteristic of the quarter wave plate 110. Thus, the
processedne@Bdibi®d-processed area of the board 111 in the scan area

of the biaxial scanner 108.

The operations of the polarizing beam splitter 107 and
the quarter wave plate 110 will be described below with
reference to the schematic viewof Fig. 13. The polarizing beam
splitter 107 is characterized by transmitting P-polarized
light which is 1light having an oscillating direction parallel
to the paper of Fig. 13, and reflecting S-polarized light which
is light having an oscillating direction perpendicular to the
paper of Fig. 13. When the laser beam 105 emitted from the laser
oscillator 104 is S-polarized, the laser beam 105 is 100%
reflected by the polarizing beam splitter 107, and the angle
of the laser beam 105 is controlled by the biaxial scanner 108
so that the laser beam 105 is incident on the f0 lens 109. The

f0lens109isconstitutedbyapluralityof lenses109a, 109b, ...

for compensating aberration etc., and the opposite sides of
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of the board ill can be determ ned surely even if the reflected beamfrom
the board 111 is so weak that a sensed signal thereof 50 is faint. [Fourth
Enbodi ment] Fig. 8 is a block diagram showi ng the schematic configuration
of a | aser processing apparatus 100 according to a fourth enbodi nent of the
invention. Fig. 8 shows only a path portion of a reflected beam This
enbodi negach sedpfiiant 09br om t heetdnatedwbblianinire hl et ve fpdmari zi ng
plate 123 is added. Due to the addition of the polarizing plate 123, the

| ayout of an optical systemfor sensing a reflected beam 113 is different
fromthat in the third enbodiment. The angle with which a |aser beam 105 is
incident on an fOlens 109 is controlled by a biaxial scanner 108. Thus, a
pr edet er m ned Arpostafilmrtofven iokrsl avietl Yablia rpwt sandl wi cdn teeverer beam 105
so that the board 111 is perforated. In that event, the board reflected
beam 11 r %g@é vl%e%, ughness of
each coﬁf uﬁcltee(;ér’E 5ar§g:ré ‘—9@&%2 oarrgcjlﬂl%tlés-ﬁ;ena é]lhﬁ ﬁﬂéﬁ@l 1gard
reflected beam 113 is reflected irregularly with a considerably spread

angl e. MEheathe spPendlargl etiss ik 1itdel 9 heegdilam yefdfdcddiord olfi ght

about 0.1% occurring in each surface. When reflection of about

0.1% occurs in each surface of each lens 109a, ..., reflected
light corresponding to the number of lenses109%a, ... isincident

on the polarizing beam splitter 107 as a lens reflected beam
114. The lens reflected beam 114 is not transmitted through
the polarizing beam splitter 107 but travels as reflected

light toward the laser oscillator 104.

The laser beam 105 transmitted through the f0 lens 109
is used for processing the board 111. In this event, there is
a large difference in absorption of the laser beam 105 between
each insulating layer and each conductor layer belonging to
the board 111 formed into multiple layers. Accordingly, the
board reflected beam 113 varies in accordance with the
difference in absorption. Generally, the conductor layer is
higherinreflectionthanthe insulatinglayer. Therefore, when

the reflected beam 113 can be sensed, monitoring to know which
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al so l eaks fromthe periphery of steerable mrrors 120 of the 51 biaxial
scanner 108. A lens reflected beam 114 reflected by the fGlens 109 may
al so have a spread angle due to the shape or layout of |enses 109a, ...
Thus, the lens reflected beam 114 may al so |l eak fromthe periphery of the

steerabl.e mrror 120. en the hoard refl ected beam 113 | eaking fromthe
o phors BT BroteaPEtl dLr FPBR eS0T T B e N RO LaTgEar T or vave

plate 110, the board refl ected beam 113 becones a beam whose pol ari zati on
di recti eant benpeIFownicld.r espect to the lens reflected beam 114. Thus, the
| ens refl ected beam 114 is bl ocked by the polarizing plate 123 when the
polarizing plate 123 is aligned with the direction in which the board
reflected beam 113 is transmtted. As a result, only the board reflected
beam 113 passes through a condenser lens 115 and is received by an optical

sensor 116. Acbtershfigedited beamenmdai®id sehibedpel=wrnivzi pgaH aterd2d bl ocks

the lens reflected beam 114 so that only the beam reflected by the board

111 can be sensed. _Thus, .even if the _surface rouyghness of each conductor

Fayer - oFCURETBRE: I TEG SOREE High Bnde™ (o Cyetarty oA EEd gt T eaches

t he biaxial scanner portion, the faint board reflected beam 113 can be
smooth. However, the reflected beam 113 may be reflected

irregularly due to some relationship between the surface

roughness of each conductor layer of the board 111 and the
wavelength of the laser beam 105 applied on the surface. 1In
this case, the light intensity of the reflected beam 113

reflected by the board 111 and returning to the optical sensor
116 becomes so slight that the lens reflected beam 114 reflected
by each surface of the f0 lenses is not negligible as noise.
The influence of this surface roughness of the board 111 becomes

conspicuous when a short-wavelength laser is used.

In order to solve this problem, according to this
embodiment, the quarter wave plate 110 is disposed between the
board 111 and the f0 lens 109. When the laser beam 105 has
penetrated the quarter wave plate 110 (outward), the laser beam
105 transmitted through the quarter wave plate 110 becomes

polarized circularly. On the other hand, when the laser beam
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sensed so that the processed condition of the board 111 can 52 be

determ ned surely. [Fifth Enbodinent] Fig. 9 is a bl ock diagram show ng the
schematic configuration of a | aser processing apparatus 100 according to a
fifth enbodi mrent of the invention. Fig. 9 shows only a reflected-1ight

ol ar1 SRS Br Erecisl nd B R ddit iPLer RSl Fa5Rd S G A AdSIVR e  ne

configuration of the third enbodinent shown in Fig. 7, and the condenser

| ens i s Qnritkt edo thaief kemhA beasar rdibetsedopagat ed3t ohbhewapd) ¢cal fiber
array 125. In accordance wth this, the |ayout of an optical system for
sensingtgireflected beanbél3 IS chaqg_ A |l aser beam 105 passes through the
opti cal &P LA A&Ft1PFs FrEHE Db P@z@ﬁgdﬁﬁ§ﬁ 5124 having a hole a little
| arger than the beam di aneter of the |aser beam 105, and reaches a bi axi al
scanner 108. The angle of the |l aser beam 105 incident on an f6 lens 109 is
controll ed by the biaxial scanner 108 so that a position to be irradiated

i e Teser bR 100 ) s ROPLLLANES, LA prodeler Ted oSt Ligp of B

113 return together through the same optical path and reach
the polarizing beam splitter 107. The lens reflected beam 114
is reflected by the polarizing beam splitter 107 because its
polarized state remains S-polarized. However, the board

reflected beam 113 is transmitted through the polarizing beam
splitter 107 because its polarized state is P-polarized due
to the turn of 90 degrees. The board reflected beam 113

transmitted thus passes through the condenser lens 115 and is

introduced into the optical sensor 116.

According to this embodiment, the laser processing

apparatus has the quarter wave plate 110 between the f0 lens

109 and the board 111 so that only the beam reflected by the
board 111 can be sensed due to the polarizing characteristic
of the gquarter wave plate 110. Thus, the processed condition
of the board 111 can be determined surely even if the reflected

beam from the board 111 is so weak that a sensed signal thereof
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53 reflected beam 113 is emtted fromthe board 111. This board reflected
beam 113 cones back through the outward path together with a lens refl ected
beam 114. The board reflected beam 113 and the |lens reflected beam 114
becone beans thicker than the |aser beam 105 due to the influence of
irregular _reflection or lens curvature. Accordingly, the board reflected
beam 1135ah@fhe | ens reflected beam 114 are partiaily prevented from
passi ng through the hole of the polarizing plate 124, and incident on the
pol ari zijpgupt at emb34isentoundi ng the hole. The polarization direction of the
board refl ected beam 113 having nmade a round trip via a quarter wave pl ate
turns 90 with respect to the lens reflected beam 114. Thus, the | ens
reflected beam 114 is bl ocked by the polarizing plate 124 when the

pol arizing plate 124 is aligned with the direction in which the board

reflected beamidl3si sst kapgBickt adaghsmashestihty, tael ychieh@theard refl ected
beam 113 passes through the optical fiber array 125 and is received by the

opti cal sor 116. Accordin to this enbodinment, the |ens refl|l ected beam
R § o GOBERGHTES OThBEpD! b ETT T BT &Te M3 LT He® oAl T ePTOtESa bear 113

is introduced into the optical sensor 116 through the optical fiber array
125. Thys, aofdyrthemesdneaid eat edebynt-bacboard rig. 8 shows only a

path portion of a reflected beam. This embodiment is different
from the third embodiment in that a polarizing plate 123 is
added. Due to the addition of the polarizing plate 123, the
layout of an optical system for sensing a reflected beam 113
is different from that in the third embodiment. The angle with
which a laser beam 105 is incident on an f0 lens 109 is

controlled by a biaxial scanner 108. Thus, a predetermined
position of a board 111 is irradiated with the laser beam 105
so that the board 111 is perforated. 1In that event, the board

reflected beam 113 is emitted from the bocard 111.

Here, when the surface roughness of each conductor layer
of the board 111 is remarkably high, the board reflected beam
113 is reflected irregularlyxuitheaconsiderably'spread.angle.
When the spread angle is wide, the irregularly reflected light

also leaks from the periphery of steerable mirrors 120 of the
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54 can be sensed. As a result, even if the sensed signal is faint, the
processed condition can be determ ned surely. [Sixth Enbodinment] Fig. 10 is
a bl ock diagram showi ng the schematic configuration of a | aser processing
apparatus 100 according to a sixth enbodi ment of the invention. Al though a

beam splitter, is disposed between the_laser oscillator dth xi al
scanner At erenrREr d Y8nbdti r&hdwe tER E?GW ?}4arﬁgiﬁFt§ | PYter 118 is
di sposed between an f6 |l ens 109 and a board 111 in this enbodinent. The

quarter tpRveopl ahe Iﬂ§5@%&§3@ls@h&@%nat£§ré&|a&@é%eﬁ'&% the bpapd 111 is

omtted. A laser beam emtted froma laser oscillator 104 is incident
directly on a biaxiai scann§h9108 viaTg mask th which the

106. Th | ]
| aser bEeImlEHEUES OfnbPRERE SA%Ehe  { O | $56 Grepoceh tREkE B e b oxi A

scanner 108 is controlled by this biaxial scanner 108. After that, a major

part of imhewhgsel sobtask 10boh scHefdeaditrk80 Jfy thhesbeamabdpki il ko118
di sposed at an angle of 45 with respect to the optical path. A

predet erm ned_position of the ppard 1is jrradiated with th | aser beam
05 g0 A PRI BoHia Haar Cper Tt st deeaTiet ks {Fiaksae tion' he

periphery of the steerable mirror 120 makes a round trip via

a quarter wave plate 110, the board reflected beam 113 becomes

a beam whose polarization direction turns 90° with respect to

the lens reflected beam 114. Thus, the lens reflected beam 114

is blocked by the polarizing plate 123 when the polarizing

plate 123 is aligned with the direction in which the board

reflected beam 113 is transmitted. As a result, only the board

reflected beam 113 passes through a condenser lens 115 and is

received by an optical sensor 116.

According to this embodiment, the polarizing plate 123
blocks the lens reflected beam 114 so that only the beam
reflected by the board 111 can be sensed. Thus, even if the
surface roughness of each conductor layer of the board 111 is
so high that irregularly reflected light reaches the biaxial
scanner portion, the faint board reflected beam 113 can be

sensed so that the processed condition of the board 111 can
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ratio of reflection to transm ssion of the |aser beam 105 in the beam
splitter 118 is about 99:1. A part of a board reflected beam 113 generated
due to reflection by the board 111 is transmtted through the beam
splitter 118, condensed by a focusing |ens 115, and then incident on an
optical .sensor 116. The optical sensor 116 converts the board reflected
beam 11%5 FES AN At E Signal . After that, processing similar to that in
t he enbodi nent shown in Fig. 7 is perforned. In this enbodi ment, the |aser
beam i nirrigduceshbddimetta opti cal sensor 116 consists of the board
reflected beam 113. Accordingly, the processed condition can be grasped
surely even froma faint signal of the board reflected beam 113 wi t hout

i nfluence of the lens reflected beam in the f6 lens 109. In this

enbodi ment, the beamsplitter 118 is disposed between the f8 Iens 109 and

the board 111riand st he boaldcklliagsapr @tessed WHeh ddierkearn refl ected by
the beamsplitter 118. Here, processing is perforned not wth the
transmtted beam but with_the reflected beamfor the_follow ng.reason. That
s, 1T GRK BRGNS 8d (BT oE PERESSF PR PPREA WPl PPaRSRPELAET 56 by the
paral l el -plate type beamsplitter 118 di sposed

to a fifth embodiment of the invention. Fig. 9 shows only a

reflected-light sensing portion in the same manner as Fig. 8.
In this embodiment, a polarizing plate 124 and an optical

fiber array 125 are added to the configuration of the third
embodiment shown in Fig. 7, and the condenser lens is omitted
therefrom. A sensor 116 is connected to the optical fiber array
125. In accordance with this, the layout of an optical system

for sensing a reflected beam 113 is changed.

A laser beam 105 passes through the optical fiber array
125 and the polarizing plate 124 having a hole a little larger
than the beam diameter of the laser beam 105, and reaches a
biaxial scanner 108. The angle of the laser beam 105 incident
on an f6 lens 109 is controlled by the biaxial scanner 108 so
that a position to be irradiated with the laser beam 105 is
positioned in a predetermined position of a board 111. When

the board 111 is processed with the laser beam 105, a board
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obliquely at an angle of 45, astigmatismwould occur to cause a problem
that the shape of a beam spot near a focal point would be rectangul ar.

[ Sevent h Enbodi nent] Fig. 11 is a bl ock di agram show ng the
configuration of a |aser processing apparatus 100 accordi ng

enbodi nent__of the. invention. This ephodi ne
enbodi nﬁr‘?tﬂ?ﬁ&ﬁgl PRAR §13 167 ier?“tttjfaﬁg%

schemati c
to a seventh

differs fromthe sixth

ﬁowbﬁgéc§°@¥§p5%%d BetReBRaFfe f9 | ens

109 and the board 111 is different. That is, although the beamsplitter 118
i s di spesgdedtRd heasi X 18MRegidE Mac® thir@ugh).the duahaid padror 119 is

di sposed in this enbodi nent. Wien the dichroic mrror 119 is

used, the
em. tting

processed condition of the board 111 |s determned b i ght

pl ume 15?9e§g§6iWPE§I?ffﬂFh§ i%ﬂ?%#%hﬁﬁpr6}4ilg esb8%§§o§@gT§Ftﬁﬂ angl e of
45 degrees with respect to the optical path. The |laser beam 105 is

refl ect egdaly1tbBeasid ciHOlend Fedledt8dsHedhatll 4 bepiadeberisnediprei-ti on of

the board 111 is irradiated with the |aser beam 105. Thus,

the board 111 is
beam 105, a

per f or at ed. en_. 57 the board 111 is processed with the | aser
Pht A G droie 22 Thadh ThE 19 e matateC oo e AR 1P 11

reflectionor lens curvature. Accordingly, theboardreflected

beam 113 and the lens reflected beam 114 are partially prevented

from passing through the hole of the polarizing plate 124, and

incident on the polarizing plate 124 surrounding the hole.

The polarization direction of the board reflected beam

113 having made a round trip via a quarter wave plate turns

90° with respect to the lens reflected beam 114. Thus, the lens

reflected beam 114 is blocked by the polarizing plate 124 when

the polarizing plate 124 is aligned with the direction in which

the board reflected beam 113 is transmitted. As a result, only

the board reflected beam 113 passes through the optical fiber

array 125 and is received by the optical sensor 116. According

to this embodiment, the lens reflected beam 114 is blocked by

the polarizing plate 124 and the board reflected beam 113 is

introduced into the optical sensor 116 through the optical

fiber array 125. Thus, only the beam reflected by the board
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is emtted together with a board reflected beam 113. The dichroic mrror
119 can reflect only specific-wavelength |ight. A dichroic mrror
reflecting only the wavel ength of the |aser beam 105 is used as the
dichroic mrror 119. Wien the board reflected beam 113 is reflected by the
dichroic mrror 119, only the light emtting plume 122 is transmtted

t hr ough adrebdi ednetd. nPeroresld tanevenndebseddnsesd sbgdenses faliens 115.
Subsequent processing is simlar to that of each aforenentioned enbodi nent.

ACCOFdI (ﬁ(b{JE ;@@qﬂg ionﬁ%ﬁ%f%%%i é?ﬁhﬁ ﬁlgggg beam 113 is

i ntroduce o an optical” sensor I nce e optical sensor 116 is not
affected by the lens reflected beam it is p055|ble to grasp the processed
condi ti obSbfth Hemibomdrersuk el y. I n this enbodi nent, the dichroic mrror 119
di sposed between the fOlens 119 and the board 111 is designed to reflect
t he wavel ength of the |aser beam 105 to be used. Here, not the transmtted
beam but the reflected beamis used for the follow ng reason. If the beam
condensed by a lens or the like were transnmtted by the parallel-plate type
beam splitter HikB 58 disposebdbldipetan atheaniangllee ofcSnatsei gmat i sm woul d
occur. As a result, the shape of a beam spot near a focal point

configuration of a laser processing apparatus 100 according

to a sixth embodiment of the invention. Although a beam

splitter is disposed between the laser oscillator and the axial

gscanner 108 in the third embodiment shown in Fig. 7, a beam

splitter 118 is disposed between an f6 lens 109 and a board

111 in this embodiment. The quarter wave plate disposed

between the f0 lens 109 and the board 111 is omitted.

A laser beam 105 emitted from a laser oscillator 104 is
incident directly on a biaxial scanner 108 via a mask 106. The
angle with which the laser beam 105 is incident on the £6 lens
109 disposed next to the biaxial scanner 108 is controlled by
this biaxial scanner 108. After that, a major part of the laser
beam 105 is reflected 90° by the beam splitter 118 disposed
at an angle of 45° with respect to the optical path. 2
predetermined position of the board 111 is irradiated with the

laser beam 105 so that the board 111 is perforated. Here, the
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woul d be rectangular. In addition, even if the wavelength of the |ight
emtting plunme 122 is changed when the material of the board 111 is
changed, the light emtting plume 122 can be sensed. 59 What is clained is:
1. A nethod for perforating a printed circuit board having conductor |ayers
and insulating layers lamnated alternately, the nethod conprising the

st eps ofratiia adi acifdgcéacin tontdusnemitayen of ttthen agseddawdr05 Beam whose
energy density is set at a value enough to process the conductor |ayer,

whi |l e ngcfrﬂél %‘%]? seé‘iﬁ:sﬂé)f‘ ]ffé)?s a,pLacessed portion; obtaining the number of

pul ses ation required for processing a wndow in the conductor

| ayer; and processing a wi ndow in another place of the conductor |ayer by
t he obtai ned nunber of pulses of irradiation; wherein the nunber of pulses
of irradiation required for processing a window in each conductor |ayer is

obtained in ea f I lLid %-9f dicffenent, RLac and & | mym val ue
of the obtai n:Ad nu%béﬁs%o O%‘ul ses of i rera(r?i %{mI on igﬁnget as the nunber of
pul ses of irradiation for the

reflection by the board 111 is transmitted through the beam

splitter 118, condensed by a focusing lens 115, and then
incident on an optical sensor 116. The optical sensor 116
converts the board reflected beam 113 into an electric signal.
After that, processing similar to that in the embodiment shown
in Fig. 7 is performed. In this embodiment, the laser beam
introduced into the optical sensor 116 consists of the board
reflected beam 113. Accordingly, the processed condition can
be grasped surely even from a faint signal of the board
reflected beam 113 without influence of the lens reflected beam

in the f6 lens 109.

In this embodiment, the beam splitter 118 is disposed
between the f0 lens 109 and the board 111, and the board 111
1s processed with the beam reflected by the beam splitter 118.
Here, processing is performed not with the transmitted beam
but with the reflected beam for the following reason. That is,

if the beam condensed by a lens or the like were transmitted
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conductor layer. 2. A nmethod for perforating a printed circuit board
according to claiml1, wherein the wavel ength of the em ssion to be
nonitored is set at 500-600 nm 3. A nethod for perforating a printed
circuit board according to claim1l, wherein each insulating |layer is
irradiated a plurality of pulses with a pulsed | aser beam whose energy
density bg thghpanalbdl tplaeeovept hecamnspl attey 1a§edibpbskdw enough not to
renove any conductor |ayer, so that a hole reaching a conductor |ayer under
the insulating, |layer or reaching.the outside is forned in the insulating
ayer SO R A S EE s | P sl e PP L Hoal § CMor di ng. Lo
claim 3, wherein each conductor |layer is scanned with a | aser beam having a
snal | er diramitlem than thehehdpanet erbedmsped] redp dhéoprdcessed,wad d hat t he
hole is processed in the conductor layer. 5. A nethod for perforating a
printed gcirgui according to claim3, wherein the dianeter of the
| aser bggnfﬁ%%%g§§?%ﬁ'the insulating layers are irradiated is nade |arger
than the dianmeter of the |aser beam w th which

[Seventh Embodiment]

Fig. 11 is a block diagram showing the schematic
configuration of a laser processing apparatus 100 according
to a seventh embodiment of the invention. This embodiment
differs from the sixth embodiment shown in Fig. 10 in that an
optics disposed between the £f0 lens 109 and the board 111 is
different. That is, although the beamsplitter 118 is disposed
in the six embodiment of Fig. 10, a dichroic mirror 119 is
disposed in this embodiment. When the dichroic mirror 119 is
used, the processed condition of the board 111 is determined

by a light emitting plume 122.

Specifically, the dichroic mirror 119 is disposed at an
angle of 45 degrees with regpect to the optical path. The laser
beam 105 is reflected by the dichroic mirror 119 so that a
predetermined position of the board 111 is irradiated with

the laser beam 105. Thus, the board 111 is perforated. When
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the conductor layers are irradiated. 6. A nethod for perforating a printed
circuit board according to claim3, wherein the dianeter of the | aser beam
with which the first insulating layer is irradiated is mnade smaller than
the dianeter of the |aser beamw th which the first conductor |ayer is
irradiated. 7. A nmethod for perforating a printed circuit board according
to cl ai nit8s hwwardkill it hies eneraqps ehgiittilres hef lelser baser Uoégns prighessi ng t he
first to i-th conductor layers are nade equal to one another. 8. A nethod

for perf j s i n i_rcui.t_bpar ' ai rein each
of the Iegélggre %%ﬁlmdper g?%s gjier?gﬁtlhg ??r gl?e f}g&?%?%ggoén%utﬂeor agryde\ﬁ,rsﬁt apers a
side surface of a processed hole at a taper angle of 10-900. 9. A nethod
for perfis aning ed progetgteci weth ta bozadd wetbecli egd boeawl aitn 3,Theherei n one
printed circuit board is processed by: 61 a test processing step for

det er m nj e nu p e L radati e fromthe
first | acgl/{(gchqé(?loc gﬁm‘?xﬁ%%g{dle% %%I?]d{sj%%?é%r&?i u%é%?%%?a@%??h%ﬁ%{% processi ng
step for irradiating a to-be-processed

light. A dichroic mirror reflecting only the wavelength of
the laser beam 105 is used as the dichroic mirror 119. When
the board reflected beam 113 is reflected by the dichroic

mirror 119, only the light emitting plume 122 is transmitted
through the dichroic mirror 119 and condensed by a condenser
lens 115. Subsequent processing is similar to that of each
aforementioned embodiment. According to this embodiment,

only the board reflected beam 113 is introduced into an optical
sensor 116. Since the optical sensor 116 is not affected by
the lens reflected beam, it is possible to grasp the processed

condition of the board surely.

In this embodiment, the dichroic mirror 119 disposed
between the f0 lens 119 and the board 111 is designed to reflect
the wavelength of the laser beam 105 to be used. Here, not the
transmitted beam but the reflected beam is used for the
following reason. If the beam condensed by a lens or the like

were transmitted by the parallel-plate type beam splitter 118
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portion with the pul sed | aser beam a nunber of pulses of irradiation
determ ned by the test processing step, so as to process the

t o- be-processed portion. 10. A printed circuit board perforating apparatus
in which a pulsed | aser beamoutput froma |aser oscillator is introduced
t hrough an optical systemto a printed circuit board having conductor

| ayers &AEPOSSY @bildguedyerrds araminedice®fal45er nassigmagd sthatovd chol e i s
processed in a to- be-processed portion of the printed circuit board, the
print ed RAgUi tadaardspet f et ERgpaRPRLAbESN GPIH hebRla f>EANSBHntOr
nonitoring em ssion fromthe processed portion; a conparison neans for
conparing an output of the sensor with a predeterm ned threshold value; a
count er "P&L BNt RERREEL AtinbdP 8RdpEESRs Bfen itk AdicatryR 1St RE | aser
beamwi th which the processed portion is irradiated till the conparison
means OR@laleght éﬂ@t@iﬁ%%ﬁﬁﬁeumi forerdrfd nghiehe themReE i spubges of
irradiation counted by the counter; wherein the nunbers of pul ses of

irradiation stored by test processing are used as the nunmbers of pul ses of
the board 111°is changed, the light emitting plume 122 can be

sensed.
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irradiation for processing the conductor |layers and the insulating |ayers
respectively, and wherein a database in which setting values of the |aser
oscillator and respective optical systenms are set for each beam node and
each dianeter of the |laser beamis provided in the storage unit. 62 11. A
printed circuit board perforating apparatus according to claim 10, wherein
t he sensoiWhis dsspbsedednis: position where the sensor can nonitor the

em ssion directly. 12. A printed circuit board perforating apparatus
according to claim 10, further conprising: a splitting nmeans and sensors

di sposed in thg @pthéal fosysd€re: 4t itthe o peorkag sideuof bbghi fromthe
processed portion, the splitting neans splitting light with a_ wavel ength
of 500- 60O3HAIt RENALATRF sl AR Tty el lefing 1RYERE WRPhnateRvel ength

Cirouit boara BerTorati NG Apnaraloe L AcaaPdrhg T6 Erarm 10, wherein the.
optical systemhazdiaamenscy adirstudtiont ilayegselvethi agputaasd tapabl e of
beam whose energy density is set at a value enough to
process the conductor layer, while monitoring emission from

a processed portion;

obtaining the number of pulses of irradiation required
for processing a window in the conductor layer; and

processing a window in another place of the conductor
layer by the obtained number of pulses of irradiation;

wherein the number of pulses of irradiation required
for processing a window in each conductor layer is obtained
in each of a plurality of different places, and a maximum
value of the cobtained numbers of pulses of irradiation is

set as the number of pulses of irradiation for the

conductor layer.

2. A method for perforating a printed circuit becard
according to claim 1, wherein the wavelength of the

emission to be monitored is set at 500-600 nm.

3. A method for perforating a printed circuit board
according to claim 1, wherein each insulating layer is
irradiated a plurality of pulses with a pulsed laser beam
whose energy density is high enough to remove the
insulating layer but low enough not to remove any conductor
layer, so that a hole reaching a conductor layer under the
insulating layer or reaching the outside is formed in the

insulating layer.
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selecting one of a top-hat distribution in which the energy distribution of
the | aser beamis substantially uniformin a plane direction perpendicul ar
to an optical axis of the |I|aser beam and a Gaussian distribution in which
the energy distribution of the | aser beam shows a Gaussian curve in a

pl ane direction pergendicular to the optical axis of the |aser beam 14. A
met hod for® -per Pof&ENRE S°pr PREEIFRTIRAIG Mo KavicHd tnPe8rduct or | ayers

and n or (RebrdiRgukat bigihayergheten nai@d AdeiRatehyyetthesfirst layer
fromthe surface of the printed circuit board is a conductor |ayer, the
met hod coaeinsdngitheasiaper opeam rhziding isngmadd efri ddemesaduchan | ayer a

plurality w_th_a S e whaqse . di r.is_equal to 63
a designafg%aﬁggggg%frgﬁc% H?g%efgrgiﬁﬁkﬁﬁgggk%n§$b§%agg§é?t90?5 ﬂ?gh enough
t o renove grioeefsisesit iaondactondlayer ,1awer.as to renove the first conductor

| ayer; irradiating the first insulating |ayer under the first conductor

| ayer a plurality of pulses with a pulsed | aser beam whose dianeter is

larger than the diarBhercof ptheord@sey PeMivLCcessi-ngt Beakhrst conduct or
| ayer and whose

according to claim 3, wherein the diameter of the laser

beam with which the insulating layers are irradiated is

made larger than the diameter of the laser beam with which

the conductor layers are irradiated.

6. A method for perforating a printed circuit beoard
according to claim 3, wherein the diameter of the laser
beam with which the first insulating layer is irradiated is
made smaller than the diameter of the laser beam with which

the first conductor layer is irradiated.

7. A method for perforating a printed circuit beoard
according to claim 3, wherein the energy densities of the
laser beams processing the first to i-th conductor layers

are made equal to one another.

8. A method for perforating a printed circuit board
according to claim 3, wherein each of the laser beams
processing the first to i-th conductor layers tapers a side

surface of a processed hole at a taper angle of 10-90°.
9. A method for perforating a printed circuit board

according to claim 3, wherein one printed circuit board is

processed by:
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energy density is high enough to renove the first insulating |ayer but |ow
enough not to renove the first conductor |layer, so as to renove the first
insulating layer; irradiating the i-th (i is an integer from2 to n)
conductor layer a plurality of pulses with a pul sed | aser beam whose
dianmeter is smaller than the dianeter of a |aser beam processing the
(i-1)th conduc@oﬁeﬁéyﬁroaﬁésMh@s%teﬁnﬁigykﬁéﬁ§umynesthﬁgﬁu@ﬁéﬁghfto remove

the i-th tq as_ 1o gpqv t - { 0 and
irradiat| %%% tﬁkgﬁggﬁt??%g§ % %é rx?ﬁngE?ﬁ% gg% ?o&g ay er a
pIuraIityimﬁ apulisesndetihcanfutsed ¢ﬁsfmsuﬂnﬁmngwh@serenam@y den5|ty i s equal

to that of the |aser bean1 rocessin first insulating | ayer, so as to
orove the i PhEEACEPALIAGSE Sy ro WHEH IR G @ eeter POLCAoHERe for med | n

the first preRnduCvaknl ayer plissk@ptaddWveakd.a Aumlchodf pliipesf grating a
printed CIrCUIt board according to claim 14, wherein the energy densities

of the |adsardBesrenpletessingdte Fhe stedto HraaeSEERAUSESP. | 69eP8 are nmde
equal to QQF;Q@B%QErthéetoAbgeﬁf%EkgégdFﬁ%?éi Afing a printed circuit board

10. A printed circuit board perforating apparatus in which
a pulsed laser beam output from a laser oscillator is
introduced through an optical system to a printed circuit
board having conductor layers and insulating layers
laminated alternately, so that a hcocle is processed in a to-
be-processed portion of the printed circuit board, the
printed circuit board perforating apparatus comprising:

a sensor for monitoring emission from the processed
portion;

a comparison means for comparing an output of the
sensor with a predetermined threshold value;

a counter for counting the number of pulses of
irradiation with the laser beam with which the processed
portion is irradiated till the comparison means operates;
and

a storage unit for storing the number of pulses of
irradiation counted by the counter;

wherein the numbers of pulses of irradiation stored by
test processing are used as the numbers of pulses of
irradiation for processing the conductor layers and the
insulating layers respectively, and

wherein a database in which setting values of the
laser oscillator and respective optical systems are set for
each beam mode and each diameter of the laser beam is

provided in the storage unit.
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according to claim 14, wherein each of the | aser beans processing the first
to i-th conductor |ayers tapers a side 64 surface of a processed hole at a
taper angle of 10-900. 17. A nethod for perforating a printed circuit board
according to claim 14, wherein one printed circuit board is processed by: a
test processing step for determining the nunber of pulses of irradiation
for each layer fromthe first layer to an intended conductor or insulating

tho pul sed T aonr Thoa S BB b e et B P e er i hed by the |
test processpndisgepe sbams 1@ ,0 wreosass tihke stosbe- ppodéspedepornian. 18. A

met hod for Eegtorat%ng a% rinted circuit b%ard haccor.din(g to claim 14,
wher ei n e&CRTcORAUETDTE| @ rSTE O EAMMET™ O 5PPa8B8tSBE8M having a smal | er
di amet er thasctipe dianeter of a hole to be processed, so that the hole is
processed in the conductor |ayer. 65

12. A printed circuit board perforating apparatus

according to claim 10, further comprising:

a splitting means and sensors disposed in the optical

system on the incoming side of light from the processed

portion, the splitting means splitting light with a

wavelength of 500-600 nm, the sensors detecting the split

light with a wavelength 500-600 nm and light with other

wavelengths respectively.

13. A printed circuit board perforating apparatus
according to claim 10, wherein the optical system has:

an energy distribution selecting means capable of
selecting one of a top-hat distribution in which the energy
distribution of the laser beam is substantially uniform in
a plane direction perpendicular to an optical axis of the
laser beam and a Gaussian distribution in which the energy
distribution of the laser beam shows a Gaussian curve in a
plane direction perpendicular tc the optical axis of the

laser beam.

14. A method for perforating a printed circuit board
having n conductor layers and n or (n-1) insulating layers
laminated alternately, the first layer from the surface of
the printed circuit board is a conductor layer, the method
comprising the steps of:

irradiating the first conductor layer a plurality of

pulses with a pulsed laser beam whose diameter is equal to
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a designated hole entrance diameter and whose energy
density is high enough to remove the first conductor layer,
SO as to remove the first conductor layer;

irradiating the first insulating layer under the first
conductor layer a plurality of pulses with a pulsed laser
beam whose diameter is larger than the diameter of the
laser beam processing the first conductor layer and whose
energy density is high enough to remove the first
insulating layer but low encugh not to remove the first
conductor layer, so as to remove the first insulating
layer;

irradiating the i-th (i is an integer from 2 to n)
conductor layer a plurality of pulses with a pulsed laser
beam whose diameter is smaller than the diameter of a laser
beam processing the (i-1)th conductor layer and whose
energy density is high enough to remove the i-th conductor
layer, so as to remove the i-th conductor layer; and

irradiating the i-th insulating layer under the i-th
conductor layer a plurality of pulses with a pulsed laser
beam whose energy density is equal to that of the laser
beam processing the first insulating layer, so as to remove
the i-th insulating layer;

wherein the diameter of a hole formed in the first

conductor layer is kept thus.

15. A methed for perforating a printed circuit board
according to claim 14, wherein the energy densities of the
laser beams processing the first to i-th conductor layers

are made equal to one another.

16. A method for perforating a printed circuit board
according to claim 14, wherein each of the laser beams

processing the first to i-th conductor layers tapers a side
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surface of a processed hole at a taper angle of 10-90°.

17. A method for perforating a printed circuit board
according to claim 14, wherein one printed circuit board is
processed by:

a test processing step for determining the number of
pulses of irradiation for each layer from the first layer
to an intended conductor or insulating layer; and

a processing step for irradiating a to-be-processed
portion with the pulsed laser beam a number of pulses of
irradiation determined by the test processing step, so as

to process the to-be-processed portion.

18. A method for perforating a printed circuit board
according to claim 14, wherein each conductor layer is
scanned with a laser beam having a smaller diameter than
the diameter of a hole to be processed, so that the hole is

processed in the conductor layer.
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