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 Consider that a printed circuit board having n conductor

| ayers and n or (n-1) insulating |ayers lamnated alternately so that the
first layer fromthe surface of thecprrohedorircuit board is a conductor

| ayer is perforated with a pulsed |laser beamfroma UV | aser (hereinafter

referred to as "l aser beant i.mpl int ound art. In this case,
when the dianeter of a hoIgnﬁgﬂgé%%ﬂggﬁggﬁﬁgﬁﬁﬁﬂ%t smal l er than 50 m the
printed circuit board is irradiated a required nunmber of tines with

t op- hat bemmHI 8 PRAARATUS i EORetFERR FORISTIAY | B 1T B ual RAWOI T th@ArEmt r ance
di aneter of the hole and having an energy distribution substantially

éghgg{ghiE&%ﬁﬁ%gﬁ§3§&%§$ﬁ%§ﬁ¥kﬁ{ to the optical axis of the beam or

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



an energy distribution |ike a Gaussian curve in a plane perpendicular to
the optical axis of the beam (hereinafter referred to as "punching

nmet hod"). Alternatively, the printed circuit board is irradiated with a

t op- hat beam or a Gaussian beam whose dianeter is snaller than the entrance
di aneter of the hole and not larger than 50 m by positioning the top-hat
beam or the Gaussi an beam at | ocations, for exanple, along a

ci rcunf er ent eakrpgat 8isandbtibeonr Ladkaki cauksianapeated ahoagplsore ot her
circunferential paths (hereinafter referred to as "trepanning method"). An

optical sganper andia.f peusfndolens ar e usedet o, pRsiii Q. the I gser beam to
a portiontt € pProcesse sCRi* “8red™déf ne 8 si'zé of %t he focu5|ng
lens is snaller than the printed circuit board. Therefore, when processing
in the scafeared ticabi''puiEding hetppdit ed Aditreonatt ibednd, cbempviettdd a next
scan area horizontally relatively to the focusing lens so as to perform

proceSSin%b%QV%E d9 $;u§%%r%d§%te%9&1§éégﬁ!gg} £e£91398; aussian

( PCT/ US95 oses echni que for oratlng erial mde of
metal, insulator, etc. using ultraviolet light. 2
beam whose diameter is smaller than the entrance diameter of

the hole and not larger than 50 um 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 technique for perforating a material made of metal,

insulator, etc. using ultraviolet light.



As an apparatus for performng |aser processing while nonitoring the
condition of the processing, JP-A-10-85976 or JP-A-2001-102720 discl oses a
| aser processing apparatus in which a beamsplitter such as a polari zing
beam splitter or a dichroic mrror is inserted into an optical path of a

| aser beamimediately after a laser oscillator or imediately in front of
a work so as to deflect light reflected or emtted by the work fromthe
optical path of the | aser beam and sense the deflected light, or a |aser
processi ng apparatus in which a sensor is placed out of a |laser optical

ath and near a.wrk so as to sense |light, diffused or emtted .t he work.
However . there DS | BPRRATUFET ef oh e BETHBLIF 4 15 ol S S hie b e

deconposition energy of a conductor |ayer and a threshold val ue of
deconposi mbantenéngytlod desdit fat mmghanproasstahgngibayero - Oue7¢6 o hi s
di fference, when one and the same portion is continuously irradiated with a

pul sed | asgr b _ t .naﬁe a_hale_in a printed circuit board whose
Surface TyBroPLalBRlancRarct a7er. ot R AT aREPEF o5t "Ene THATE thgr e i an
i nsul ating | ayer under the conductor |ayer beconmes |arger than the dianeter
of the hoWbitbraeldeam $bekictoaduston dayerpoldarizing beam splitter or

a dichroic mirror is inserted into an optical path 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.



Thus, the conductor |ayer may overhang the hole fornmed in the insulating
| ayer, or the hole fornmed in the insulating |ayer has a barrel-1like shape
such that the internediate portion of the hole has a |arger dianmeter than
the entrance diameter. Wien hi gh-speed electroplating or filled plating (a
plating nmethod for filling a hole withgrowing a netal |layer fromthe hole
bottom) is perfornmed on the hole such that the conductor |ayer overhangs
t he hol e Thuspdhe ddieliasid atiyeg mbhayeverloang hehehabé ef 6orrddi intdie
insulating layer has a barrel-like shape, the plating is concentrated in

the hole .ent ce of _the condyctor -l a hus, | j voi ds)

are apt t%gggggglﬁﬁ 1%%6%1é%%3HF%35P? %ggwggtﬁ%r%?%r%£$$§%%%%$gﬁ%ﬁ%§ shorten
the plating time, and the processing efficiency cannot be inproved. Assune

t hat pr ockssiadarsegerlfidrarstiapiet Buenertpt dérsihyerwaidtabkepoot the conduct or

| ayer. In this case, when there is a variation in the thickness of the

i | at i - t I t I tt
e damgBle arEndre Pno egaduit s rarer a0 RS BOrE°RSet auay-Tbe
pi erced. 4

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-1like shape, the plating is concentrated in the hole
entrance of the conductor layer. Thus, hollow portions (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.



When the insulating layer is nade of a so-called glass-containing base

mat eri al which contains glass fibers, glass fibers may project largely
inside a hole formed by selectively renoving the resin of the hole side
wall. A slight gap may be fornmed between the hole and a hol e adj acent
thereto because a larger quantity of resin than necessary is renoved. 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 achi eyfd, SHRMRY,CE THE 1 DYENTI SN Le-opger 18 aghyeqlhe foregolng
probl ens belonging to t heé Bacﬁgr und“art, an obj ect of the present
invention is to provide a printed circuit board perforating method ai med at
i nproveneglasa-thetprocegsbageehdtereat ywhanch denst 4 1 catg lors ©f £ 1kbdwes boar d
Anot her obj ect of the present invention is to provide a printed circuit

boar d per%%%y ?Q?QPB%Q “%82%@9 251888, Pn8PHeSY! hakke shonkheprinted

circuit boar pertoratin tho
selectively removing the resin of the hole side wall. A
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 densification of

the board.

Another object of the present invention is to provide

a printed circuit board perforating apparatus using a laser



aimed at inprovenent in the processing efficiency and densification of the
board, by which apparatus, problens not taken into consideration in the
background-art |aser processing apparatus, such as the influence of
reflection inside the optical conponents 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

f or egoi ngandj ecitalel ¢ itstthec pashitiedt concol t tiheapd gsenf oratvend ingetlicgl a et hod
for perforating a printed circuit board having conductor |ayers and

i nsul ating,Layels | aninated alternately, Lhe, fetbed; iaelyding the steps of:
irradiating a conduCtor ayer wth-a pquse I'dser “beam whoSe energy density
is set at a value enough to process the conductor |ayer, while nonitoring
em ssi on flensif heapiovesteathgdrdarwh; bybwhi ahngepdeatnusberroblepslses of
irradiation required for processing a windowin the conduct or |ayer; and

processi ng. R\ ndow LonapaLiet 1Bhagh ehe bOEKGPBAHALQL! 3%8E.PY the obtained

nunmber of pu?ses o%lklrra ration.

processing apparatus, such as the influence of reflection
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.



A second constitution of the present invention is a nethod for perforating
a printed circuit board having n conductor |layers and n or (n-1) insulating
| ayers lam nated alternately, the first |layer fromthe surface of the
printed circuit board is a conductor |ayer, the nethod including the steps
of: irradiating the first conductor layer a plurality of pulses with a

pul sed | aser beam whose di aneter is equal to a designated hole entrance

di anet er and whose energy density is high enough to renove the first
conductor l|ayer, so as to renove the first conductor layer; irradiating the

first insul at'ﬂgségéﬁﬁé HBQ%&EH Ehrég ERQdé%QEnFaX‘BQeﬁtEﬁW ity of

pul ses with a pul se AseF beam whose di anst ar ger an thé di amet er
of the | aser beam processing the first conductor Iayer and whose energy
density i sehhghd €noughrforarengve phentedstiirpsdkabioagd aparingun | ow enough
not to renove the first conductor layer, so as to renove the first

i | ati t t .1 Nt
conduct or PRYEr R pl GV ol Py G ptl sEe Wi (AT Sh | ee bon et

diameter is smaller than the dianeter of the |aser beam processing the
(i-1)th cohtacherelayethandi whoskexarerfgpm darsuypsehp ht kpargnted r enove
the i-th conductor |ayer, so
circuit board is a conductor layer, 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



7 as to renove the i-th conductor layer; and irradiating the i-th

i nsul ating |layer under the i-th conductor layer a plurality of pulses with
a pul sed | aser beam whose energy density is equal to that of the |aser beam
processing the first insulating layer, so as to renobve the i-th insulating

| ayer; wherein the diameter of a hole forned in the first conductor |ayer
is kept thus. Athird constitution of the present inventionis a printed
circuit baarth penboeatliang -appasadust dn lalyieah an@ulreediidaisey theaim dut put
froma |aser oscillator is introduced through an optical systemto a

printed C|rcu board_havin gsanduct or | ayers .an |nsulat| I
| am nat ed QFFe?E%{P%I yaygg s ? 2Rt etklls Cypr% o%%ts%rg Fnat cprhg‘ler Slrlocissed
portion of the printed circuit board the printed circuit board perforating
appar at usofipndlagH wtha pehsed ]fECHeHYbHEmMHCTEgE enesgiaterfgsiomn ttheeqralcessed
portion; a comparison nmeans for conparing an output of the sensor with a

br edet er m 564, AL eshol €. Y8l Uei B LOULEInd Bho G (RS 816 BUTer Of pUl ses

irradiation wth the Taser processe ion is
irradiated till the conparison neans operates; and a storage unit for
storing the asmopb@mmafe phkesestlofinspdadiiag bay evounted <oyr the dloumtesr wherein

of a hole formed in the first conductor layer is kept 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 wvalue; 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



the nunbers of pulses of irradiation stored by test processing 8 are used as
the nunbers of pulses of irradiation for processing the conductor |ayers and
the insulating | ayers respectively. A fourth constitution of the present
invention is a laser processing apparatus for irradiating a work with a

| aser beam so as to process the work with the |aser beam having a | aser
oscillator for oscillating a | aser beam a beam scan optical system

i ncl udi ngaaesganners tdnd nampeeecess ipng skenst fiarrapdsittiicont ag die-d ssiatg beam
emtted fromthe |aser oscillator, on the work, and a quarter wave plate
di sposed tween.the rocessing lLens. and,the k and for larizing |ight
e ot ede byt A ek TR o0 £ B8 A A PP nim B B scar
optical systemincludes at |east one steerable mrror, and a sensing neans
for receiving light running off the steerable mrror and reflected by the
work is disposed on the opposite side to the wrk with respect to the

s di sposed on the opposi te res .
openi ng | arger PghticPastr PhEATR T Pl R R PEEE R CE RS 1T

di sposed between the beam scan optical system
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 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



9 and the laser oscillator and substantially coaxially with an optical axis
of the laser beam A fifth constitution of the invention is a |aser
processi ng apparatus for irradiating a work with a | aser beam so as to
process the work with the | aser beam having a |aser oscillator for
oscillating a | aser beam a beam scan optical systemincluding a scanner
and a processing lens for positioning the |aser beamemtted fromthe | aser
osci | | at oand woie tThesawrdgcidrichtavbhead spbethear idiliposedxbel genithen
processing |lens and the work, wherein the work is processed with the |aser

bean1r¢f|8§£§gafyakgg B%aghgphggg%rbeémgixth constitution of the present

invention'ts a laser  processing apparatus for irradiating a work with a
| aser beam so as to process the work with the |aser beam having a | aser
oscillator for oscillating a | aser beam a beam scan optical system

i ncluding a scanner and a processing lens for positioning the | aser beam

itted f th LLL ~ di [ '
i sposed botwech §ho ot CRBESrHG PBn  aftct e WBF & wher &1 n°ChG work | s

processed wth the |aser beamreflected by the dichroic mrror.
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 beamsplitter 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 laser beam reflected by the dichroic mirror.

10
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nth constitution of the present invention is a |aser processing
for irradiating a work with a |aser beamso as to process the
the | aser beam having a |laser oscillator for oscillating a | aser

eam scan optical systemincluding a scanner and a processi
tioning the |l aser beamemtted fromthe | aser oscillator,

ng | ens
on the

optics di sposed between the processing lens and the work and for
ing light emtted fromthe work, and a sensing nmeans for sensing
transmtted by the optics. According to the present invention, a

m ni e processin I"Ci ency” "can

be prpcessed in_the conductor_ | ayer n he i nsul.ating Layers by
nu§1%%%?%§hs%o?ﬁ5%ggﬁlon R érg?gng'lnven%lO% 6% anroved.

re occurs no damage in the conductor |ayers and the insulating
| ayers, thesdensiddestimgnapbatrhe uspfontiedaciiraguirty boaridk ednhbe iaggwoved. | n

processing apparatus, a light emtting plunme generated at

FRRSRL P e SO0, AL, BTy oy

mrror
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, 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 f0 lens through

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

11
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11 or the like. Accordingly, the SN ratio of a detection signal is
inproved. As a result, the processed condition can be determ ned surely
even if the detection signal is faint. Thus, high-quality processing can be
performed. BRI EF DESCRI PTION OF THE DRAWNGS Fig. 1 is a configuration
diagramof a printed circuit board perforating apparatus according to a
first enbodi mnent of the present invention; Fig. 2 is a flow chart show ng a
processi ngrpflocadine. Accordinglyo tie IN st ienbodimtectFign Sidala fl ow
chart of a subroutine in the processing procedure of Fig. 2; Fig. 4 is a

flow chart of a_ subroutine in t pr.ocessin rocedure of Fig. .2: Figs.
5A-5C ar e Sch8RRPTE Vi z\ﬁs asﬁ(?\ﬁuﬁ‘g ’sﬁiﬁe?r&‘%ﬁs}% &coé]sélgdl%ﬁﬁg‘brpéaccor di ng
to the first enbodinent; Fig. 6 is a front view of the vicinity of a

pr ocessi ngetaeatinad candi Ingetrenai s ebentk eoidimenynal 1d€apneserithugyventi on;

Fig. 7 is a block diagramshow ng the schematic configuration of a |aser

pr ocessi ng; apparat ys, ageording tocan pe performed.

BRIEF 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 cf a subroutine in the processing
procedure of Fig. 2;

Figs. B5A-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



third enbodi nent of the invention; 12 Fig. 8 is a bl ock diagram show ng the
schematic configuration of a | aser processing apparatus according to a
fourth enbodi ment of the invention; Fig. 9 is a bl ock diagram show ng the
schematic configuration of a | aser processing apparatus according to a
fifth enbodi mrent of the invention; Fig. 10 is a bl ock diagram show ng the
schematic configuration of a | aser processing apparatus according to a

si xth enbodi nenkigf 8&hesi avebbrrndikygamlihosiagbtheksdhagaamcshow ng the
schemati c conflguratlon of a | aser proceSS|ng apparatus according to a

seventh e nﬁlngn tgon be VentIOQOC em a_pers ectlée V|em10f a
bi axi al 588 &F “f or T lse |n gser procgéspﬁa gppara as acc%rdlng to the
second to seventh enbodlnents, and Fig. 13 is a view for explaining a

sensi ng nmebhodhi ambhéimkasepfprtbeessivagtappar atus according to the second to
seventh enbodi nents. DETAI LED DESCRI PTI ON OF THE | NVENTI ON

Fig. 9 is a block diagram showing the schematic
configuration 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.

13



The present invention will be described bel ow based on its enbodi rents and
with reference to the drawings. 13 First Enbodinent Fig. 1 is a
configuration diagramof a printed circuit board perforating apparatus
according to a first enbodi nent of the present invention. A system
controller B is connected to an apparatus nechanism portion A surrounded
Wi th a dashed dotted Iine, a |aser oscillator controller D and a

phot o- sensors2lEmBsdwinkht be described |l ater, the systemcontroller B has a
conparison neans p for conparing outputs fromthe photo-sensor 21 and

phot o- sensors 30a-30d with a predeterm ned threshold value, a counter q for
counting the nunber of pulses of irradiation of a processed portion
irradiated with a | aser beamtill the conparison nmeans p operates, and a
storage unit r Fog. sl ars rgcopfdgessitigncdndptrhonst andot et edunted:tunber of
pul ses of irradiation. Energy density suitable for processing copper and

toror dB &y é%‘f%%?k?néo%%ﬁ%ﬁ&?égQ@e&”di ?Uéé‘t g Sl ddhd he
ge Unl vance e orage uni anet er
of the present invention.
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
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r beam for processing copper and set values of a | aser osc

ctive optical systens for processing 14 copper are stored
tabl e for each beam node ("beam node" neans an energy

ion in a section perpendicular to the optical axis). The

d on these set values has energy density suitable for proc

n the sanme manner, the dianmeter of a |aser beamfor proces

illator
n the
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essing
sing the

i nsul at or capdesetryabtiesedf ihhehdasermostia ladore s ddweh riespectddee opti ca

systens f
| aser bea
processin
t he beam

or processing the insulator are stored in the formof a table. The
\gased og Lhesensset val ues gas % denS|ty SU|tabIe for

gl H&™ TRSGI al'or epﬁgggy %eﬁ1 | & B PSSTASTr uct ed about
node and the | aser bean1d|aneter, the systen1contro||er B sets

t he | aserpespehtiatotaandot tiee regspecd 1 wexiopt | cdhe syssensbsamadsasd¢d o radi ate
t he to-be-processed portion wth a |aser beam suitable for processing. The

2 opti caf Tousr or, vapitt el IS dy B L AR S R
optical systens

copper. In the same manner, the diameter of a laser beam for
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 i1rradiate 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 processing

head E.
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optically connect the |laser oscillator Cwith the processing

head E. 15 The

| aser oscillator C outputs a pulsed Ilinear-polarized UV | aser beam

(wavel ength is 355 nmhere), which is a Gaussian beamwith a
Gaussi an- curved beam node. A beam shaper 2 and a beam deflector 3 (for
exanpl e, AOM of an acoustooptical systemor EOM of an el ectrooptical
systen) are disposed on the optical axis of a |aser beam 1l output fromthe
| aser oscillator C. For exanple, the beam shaper 2 can convert a Gaussi an

beaminto a top-hat beam serving as a beam node in which the

ener gy

di stribution iSTHggigé%%osggé95?%§?S@?hg§$uggeab§§?gggianeter of the | aser

beam 1. The beam ou ncrden
first-direction | aser beam4 (primary light) and/or a | aser

er beam1l as a

beam 6

(zero-ordeéinkaghpplarihatl US, laséaskeeabebmve Wnseh eherdys ns @rg)Q=100 to
0) of the laser beam 1 and a | aser beam 6 whose energy is (100-Q o of the

a rectilinear-ditection %1aser eam or as a | aser beam
with a conmand

|aser beapy 1,01 85 A secopdrdientinn, daner heans don

}ﬁo'dieg. ht& and/ or
i n accordance

beam shaper 2 and a beam deflector 3 (for example, AOM of an
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 Q0% (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



fromthe systemcontroller B. Wen the ratio between the 16 prinmary |ight
and the zero-order light is changed, the |level of the energy of the |aser
beam 4 or the | aser beam5 can be adjusted. In addition, the nunber of

pul ses of the |aser beam 1 can be controlled. It is assunmed here that the
| aser beam 4 and the |aser beam5 are S-polarized. A beam di aneter
adjusting collimator 7a, an aperture 8a, a polarization direction rotation
unit 40, arbeanysplght etn@aheaned re-paldanr ziggtbetamisphged ertdd lare1di sposed
on the opti cal axis of the |laser beam 4 between the beam deflector 3 and a

mrror i e aperiyre: 93, 2diusts e, di arefgr of 2. pLogessing apot at

thetrrreo i on proces |n aser Beam 4°transm t

t hrough t he aperture 8a will be referred to as "laser beam 4a". The

phot 0- sensdrssBed. add 3081icapabl eheohusirsi n§ builges ofi theal amerelmagt h of
300-800 nm are di sposed on an extension of the optical axis of the |aser

beam 4a o d@ L de where & he I#;%ﬁ abeam 4and Se 141¢ %Ej e O ddie heam
a an of t

splitter extension o e optical axis e |l aser beam 4a on

the side where the | aser beam4a is reflected by the beamsplitter 9a,
4 and the laser beam 5 are S-polarized.

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 gplitter 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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respectively. 17 The beamsplitter 9a reflects 99% of light with a

wavel ength of 300-800 nm and transmts 1% of the light. The polarizing
beamsplitter 10 reflects incident S-polarized and transmts incident

P- pol ari zed. The polarization direction rotation unit 40 is constituted,
for exanple, by a plurality of reflecting mrrors, so as to rotate the

pol ari zation direction of incident [|ight by 90 degrees. A gal vanoneter
scanner 11 is constituted by mrrors 11X and 11Y. A beam di anet er adj usting
collimator 7b, an aperture 8b, a beamsplitter 9b and the pol arizi ng beam

splitter 10 2l oth irégg %p Et&@? 88%8@#8&39@ &?eiES?[LgGWQ%WQ bet ween

t he beanldeflec e gal vanonet er Sscanner aperture Be
adj usts the dianmeter of a processing spot at the tinme of nask projection
processi ngavihengakerf BEM B @& mansantt edanshi baght tdfe tdpeedtighé .8Cw | | be
referred to as "laser beam 5a" . 18 The beamsplitter 9b reflects 99% of
i ght m‘tgoﬁarizing beam splitter 10 reflects incident S-polarized and

transmits incident P-polarized.

The polarization direction rotation unit 40 is
constituted, for example, by a plurality of reflecting
mirrors, so as to rotate the polarizationdirection 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 splitter 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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wavel ength of 300-800 nm and transmts 1% of the light. The photo-sensors
30c and 30d capable of sensing light wwth a wavel ength of 300-800 nm are

di sposed on an extension of the optical axis of the |aser beam5 on the
side where the laser beam5 is incident on the beamsplitter 9b and an
extension of the optical axis of the |laser beam 5 on the side where the

| aser beam 5 is reflected by the beamsplitter 9b, respectively. A
processi ng tablenhd4dbdasposetittarasposetiontfasbrgotheighroeesai ag head E can
nmove in X and Y directions. A work for printed circuit board 13 to be

processed, L. TRHOLES, 01 dhe: B agessiag Lable: an o 1ands desi gngled by the

arrow in S'a scan area o anoneter Scanner

cor ner nirrors but ones required for description are not shown. One end of
an opti caphbibeseBopeov¥Ddednwi BAdacepadéasphgseoptngall igyst emt20a in its
forward end is disposed in a position, for exanple about 40 mm di st ant

from the %«QVQ? g?ﬁeﬁf%olz%cp&rﬁri Sk Bi8n ‘f;%df % é&ﬁé‘léﬁegﬁ_tﬂﬁ‘:em her

end of the opti I ber IS connecte 0- Sensor

optical fiber
optical axis of the laser beam 5 on the side where the laser

beam 5 ig incident on the beam splitter 9b and an extension
of the optical axis of the laser beam 5 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 system 20a in its forward end is disposed in a position,

for example, about 40 mm distant from the to-be-processed
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20 has a filter effect and selectively transmts light with a wavel ength of
400-600 nmto the photo-sensor 21. Next, the operation of this enbodi nent
will be described. First, the path of the | aser beam4 will be descri bed.
The energy distribution and the beam di aneter of the pul sed | aser beam 1
output fromthe laser oscillator C are set by the beam shaper 2. The | aser
beam 1 is incident on the beam deflector 3 so that the |evel of the pul se
ener gy i spadi ushed as therd@seheheam dres. oThpuit lasr end of thhegtaserl beans 4,
5 and 6 The outer dianeter of the |aser beam4 is set by the beam dianeter
adjusting.col limator 7a and the aperture 8a. Thus, he |laser_-beam4 is
formed i nfbb%r P2sef Cﬁé‘élr%%gd(g-yﬁﬁeﬁ}?élte%' S%?%S .%Theﬁ}eagg * 8%%161 als
converted into a P-polarized by the polarization direction rotation unit
40. The | asehabeantiYeet sef fied demntd ore tdrer bhesly sptdridnert Dal idhtparitiof the

| aser beam4a is transmtted through the beamsplitter 9a and 20 incident

on the photo-s r.30 Kl he rest of | agser . beam4a is reflected
by the be%mwas%%?éﬁg};éQg? %g 8Es]ergmb§§mt8 aﬂrqg}:?egggaogyag]he beam splitter
9a is transmtted through

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 is transmitted through the beam splitter 9a and

20



the polarizing beamsplitter 10 and incident on the mrror 11X The
position where the | aser beam4a will be incident on the printed circuit
board 13 is set by the mirror 11X and the mrror 11Y. The |l aser beam4a is
incident on the printed circuit board 13 through the focusing lens (f6

l ens) 12 so as to process the printed circuit board 13. Light conposed of a
part of reflected light 22 of the |aser beam 4a reflected by the printed
circuit boattdddt and the pabtookepsoee3sangvlilghtt i23remitt b €dt e dmadere
processed portion is incident on the optical fiber 20. In addition, a part

of the reflected |ight nd._a._par f e .pro Si [ 0
backwar d ?%aﬁﬁﬁafﬁ%é%?%é%%éﬁhgypsggi%?g@f§2§% eﬁg%%baggh%pﬁ$%?%§) a, and
enter the photo-sensor 30b as a transmitted |ight 4aa. The outer dianeter
of the | aserrbebactedsbgethdybede figlamtal dretier tadjnusti e dlbdamgtor 7b and

the aperture 8b. Thus, the laser beam5 is forned into a | aser beam 5a

S-pol ari - I ' ' NSt t th h
Uhe. beant CpF1 e O SaRa° Rl deri on TRE: phot o Sengor 300 WRF 16" 1 ho 1 est

of the laser beam5a is reflected by the beamsplitter
The position where the laser beam 4a will be incident on the

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 (£0 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 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, 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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9b. The reflected | aser beam 5a is incident on the polarizing beamsplitter
10. The | aser beam 5a reflected by the polarizing beamsplitter 10 is
incident on the mirror 11X. The position where the |aser beam 5a will be
incident on the printed circuit board 13 is set by the mrror 11X and the
mrror 11Y. The |l aser beam5a is incident on the printed circuit board 13

t hrough the focusing lens (f6 lens) 12 so as to process the printed circuit
board 13.hérght eopposedf athealpart béamefd éet edahbght t2d (hesegh tiHee
reflected light of the |aser beamb5a is also referred to as "reflected

l'ight 22") of the laser..beam %a r.efl| ected he, rin i rcui,t. board 13
and a par cof %ﬁo%%%%?ﬁgjffg%?nfﬁ%egﬁi?ﬁe%ﬁ¥r%%?%%gs%?%§g§§%%'ﬁgPﬁan i's
incident on the optical fiber 20. in addition, a part of the reflected
i ght 22 @hd restparfttiod lidsermpbeeassa ng refghec28ddey baekimaad sl ttheenr ncom ng
path, are reflected by the polarizing beamsplitter 10, partially pass the

path, ar , : | ally pass
Saa 52 Tho [L0et Choam 6ol KT HEIHANt B b St NS AR R U LTt oh t he

| aser beam 6 is converted i nto heat.
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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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 layer fromthe surface of
the printed circuit board is a copper layer 1is perforated. Fig. 2 is a flow
chart showi ng the processing procedure according to the present invention.
Figs. 3 and 4 are flow charts of subroutines. Prior to processing, the
foll ow ng paranmeters are set as processing conditions: (1) Sk: coordi nates

of a test procefﬁ%npggogition Kk desL%na es_a pog%%ion nunber t he

f
processi ng posi angi g T rom Lte haxyy T23° SQ?ﬂfrﬁﬁﬁﬁﬁacﬁsbopper

| ayers to be processed; 23 (3) Z: the nunber of insulating |ayers to be
processedin y#dich: thel dseerbbaamdiamet epnirertpdodcessi hgathe i nsul ati ng
| ayers; (5) energy density and a beam node for processing the
Next, description will be made on the processing
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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insulating layers; (6) d: a |aser beam di ameter for processing the first
copper layer; and (7) energy density and a beam node for processing the
copper |layers. Here, assunme that the copper |ayers are processed with the
| aser beam 4a whose energy density is 8 J/cnR2 and whose beam node 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 beam node is a top-hat type.

I n addi ti ¢on) assunehé hatmbéheofasesubeaimdi asptes doi besetrotesbedequal to
the dianeter of a hole to be processed, and the dianeter D is a val ue

| arger than t di et er han ortion. mhl t any
products (S?pt hgﬁprl n rmbre@ﬁrfwg % 9 Ef'[):eoc\:/\%sril 43§ e lnﬁ c?Cldjgals t he
test processing p05|t|on Sk. Wen a not shomn proceSS|ng start button is

turned onlaRdrshe position nunber k is set at 1, and the |ayer nunber i is

set at 0 (Step S100). After that, the layer nunber i is set at 1 (Step
S110). Subouting. ShB ASDOM) LAaFhOpedhn foa€*EEH! SH-LSLERGIRAL: and Step

S130 is t per
insulating layers;
(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 5a 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

selected as the test processing position Sk.

When a not-shown processing start button is turned on,
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In the su
condi tion
irradi ati
of irradi
beam 4a |
em ssi on

broutine SUB A, a processing beamis set in accordance wt

h the

s of the |laser beamd4a (Step 5600), and the nunber |j of pul ses of

on is reset as 0 (Step 5610). After that, the nunber j of

pul ses

ation is increased by one (Step 5620). Irradiation wth the |aser
s perfornmed once (one pulse) (Step S630) , and the existence of

is checked (Step 5640). That is, due to irradiation with t

he | aser

beam 4a, the goppefon|dydser sk processed whi bedrehé etdedr | hghbe 221 (Mmvel engt h
355 nn) of the | aser beam 4a and processing light 23 having a wavel ength

0 i th ' [ K 0- 550 ] d f h
20rtT ol NPT tigl 1 YAEFRg: BERT ot net b1 AT ber S The

of 300-80
processed
refl ected
Processin

ially “Inciden ica

light 22 is renovedbythefiltereffectof theoptical fiber?20.

gt Li ghte@3a1mwdih Subeveltemgt ISUB MEOCE00 immHiler & niaf t er

referred

to as "em ssion") passes the optical fiber 20 and reaches the photo-sensor

R R e A T e R o R N v e

21 so as
an out put
THc. \Vhen

h sehsor 2 pred

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 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

25

eshol d val ue



the output Ic is larger than the predeterm ned threshold value THc, it is
concluded that the copper |layer remains (that 1is, processing of the copper

| ayer has not yet been conpleted), and Step 5620 is performed. O herw se,
that is, when it is concluded that a wi ndow has been processed in the
copper layer, the subroutine SUB A is termnated (Step S640). The | aser beam
4a whose energy density is 8 J/cnR2 can renove the copper |ayer by depth of
about 1 mxat one tinme of irradiation. Therefore, for exanple, when the
copper layer is 9 mthick, irradiation with the | aser beam4a is repeated
about 91 tines. In Step 5130, the nunber | of pulses of irradiation is
stored together with the test processing position nunber k and the copper

| ayer nunber i. The nunber i is conpared with the nunber G Step 5150 is
per formed when Tk canok 0t fen wisen St gpcor§2de s saperhiopuedI ¢ SOEptHE40). 26 In
Step S150, the dianeter d of the | aser beam4a is replaced by (1-0.05i)d.

After twéhow SN W{"kﬁ g%&%gé%e 1r§e&9f{9§é§81§ﬂx}a{‘l&é‘%1{8“g§ﬁ{e eéStep

5160) . subrou I's execut

S170), and
the output Ic is larger than the predetermined threshold

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 1is,
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 um thick, irradiation with the laser beam 4a is repeated

about 9x1 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
number G. Step S150 is performed when i<G, and otherwise Step

S210 1s performed (Step S140).
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Step 5180 is performed. O herwise Step S210 is perforned. Wen the dianeter
d of the |laser beam4a is replaced by (1-0.05i)d, the aperture 8a is
changed over to the aperture 8a with a dianeter corresponding to the
dianeter (1-0.05i)d. 1In the subroutine SUB B, a processing beamis set in
accordance with the conditions of the |aser beam5a wth a dianmeter D, and
the nunber | of pulses of irradiation is reset as 0O (Steps S700 and 5710)
After that, the nunmber j of pulses of irradiation is increased by one (Step
S720). Irradiation wth the |aser beam Sa is perfornmed once (Step S730),

and intensity Jz of re ted light | hecked t 740). That . _is, in
t he case where %%eg%e?ségggbpgg? géé@?éﬁﬁdgrggntﬁgnggfgfigéapaﬁgr}sthe
intensity Iz of the reflected light 22 reflected by the copper |ayer
exposed wheplabedilmsullatt ngbildyerfhas been, removerbipsr e hirghéren han t he

intensity lz of the reflected Iight 22 when the insulating |ayer is being

27 processe e, .the_int 1 z h | e l.i ght _ 22 1 nput
to Fhe phgtg§s%§§%%£§§ VéEQOE%gr§Q§§%¥hka(§%?%d§%é§2fng%g%hfés’ofh valug

THz. When the intensity Iz is |ower than the predeterm ned threshold val ue
THz, it isubroutine SUB B shown in Fig. 4 is executed (Step S170), and

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 (1-0.051i)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 $730), and
intensity Iz of reflected light is checked (Step $740). 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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concluded that the insulating layer remains (that is, processing of the

i nsul ating |ayer has not yet been conpleted), and Step S720 is perforned.

QO herwise, that is, when it is concluded that a wi ndow has been processed
inthe insulating |ayer, the subroutine SUB B is termnated. In Step 5180,
t he nunber j of pulses of irradiation is stored together wth the test
processi ng position nunber k and the copper |ayer nunber i. The test
processi ngrposssédn mMhwtrerf deal, st benpereeds wit hzao vaheer kfibxc( Stiep §3190) . When
k<kmax, the test processing position nunber k is increased by one (Step

S200) and,Ste 110 i h rfor . her w at .1s, .when k?kmax) Step
5210 is p%??%&%gg.9?négéegﬂgggo?gggggh%gﬁﬁgbﬁéﬁsfg%? %ﬁ%geg of irradiation
over the first copper layer or insulating layer in test 28 processing

posi ti onspBSidepeSmaxedt hier¢angedt valmderHz . ofhpol ses infensradi Bt iion is set
as the nunmber of pulses of irradiation for processing each copper |ayer or

| nsul at | 9ok aYSinadhefle pRERLOLaL AT Oh LDRCLAT 58, 80°18F copmaaded holes is

per f or med ep € Same nmanner, processing 1s performed til

concluded that the insulating layer remains (that is,
processing of the insulating layer has not yet been
completed), and Step S720 is performed. Otherwise, that 1is,
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 1.

The test processing position number k is compared with
a value kmax (Step S190). 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 k>kmax) Step S210

is performed.

In Step S210, of the numbers j of pulses of irradiation

over the first copper layer or insulating layer in test
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perforating all over the commanded holes is finished (Step 5230). According
to the present invention, the nunber of pulses of irradiation enough to
process a wi ndow for each of the copper layers and the insulating layers to
be perforated is determ ned by test processing (Step S100 to Step S210 in
Fig. 2) , and actual processing is perforned using the determ ned nunber of
pul ses of irradiation (Step S220 and Step S230 in Fig. 2) . Accordingly,
even whenptbeetbingpess tdidifeEs tfo snmeanechayergee tanotiher ,j dhepulgead ity can
be made uniform and the control is easy. In this enbodinment, the dianeter

of the laser, beam da processing the seqond apd.{pldowing copper. igyers is
reduced gradually. %ccordlng y, the entranceé di aneter of a processed hole
i s not danaged, but high-quality processing can be perforned. 29 In

addi ti on, fohepnundesing adlsesomier rirrgdiratironnspéquiingd LByerpr ddessi ng t he
insulating layer is confirmed. Accordingly, it is not necessary to make the

nunber of pBybss.: o 141 AdAtL0R.! 810%r LRARLNRREABIYs ADbd o RHApesSi ng
eff|C|enc§ can be I nproved.
(Step S220) . In the same manner, processing is performed till

perforating all over the commanded holes is finished

(Step S$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.

29



Further, according to this processing procedure, it is possible to process
not only a blind hole reaching a desired conductor |ayer fromthe surface
but also a through hole. The energy density of the |aser beam 5a is not

i ntensi ve enough to damage the conductor |ayer. Therefore, the nunber of

pul ses of irradiation wth the | aser beam 5a does not have to be neasured,
but irradiation with the | aser beam 5a may be perfornmed a nunber of pul ses
obtained by adding a margin to the nmaxi nrum val ue of the insulating |ayer

t hi ckness on design. The nunber of pulses of irradiation with a | aser beam

for each layer |s set.as a i mum val ue_obt |ned ment of the
t hi ckness of th%nl%§é+Fl?Bmg€§? n?ﬁb?ﬁeogag%?ﬁﬁ%r% tﬁgraﬁ g%ﬁgss of each
| ayer is known in advance, for exanple, an 30 alarm nmay be given when the

nunber of rpulisesdoforrpadcatsongi sheuinefilaniagl dagblke isangefdetredn ned in
advance. The outputs of the photo sensors 30a and 30c nmay be nonitored.

When. 0TS8R G e OULPUL cof L becLagero hen #he ar.bhe Jasen eam Sa i s

reduced fOof Sone 7 s6s o Irra pr ocessi ng
may be determ ned excluding a presently neasured val ue of the Iayer
t hi cknessof 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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The energy density and the | aser beamdianeter d of the |aser beam 4a for
test processing may be set as fixed values. After the nunber of pul ses of
irradiation required for processing a window in each layer is determ ned,
trial processing with a | aser beam corresponding to the diameter of a hole
to be processed may be performed w thout changing the energy density, and
the result of the trial processing nay be evaluated. Al though the beam node
i s set asapatoprdatbd ypevem widrchhd heundreer @yf giudtgasbutfi drrdeslisuhistrant i al |y
uniformin the radial direction, the beam node may be set as a Gaussi an

type in whic th e I i ion . ssja d shape. 31

Al t hough %%eg%?aﬁgtgﬂ %Q%?g%ﬁéélggéégbggﬁgﬁﬁlﬁgg §%r%§g§é¥§g t he second and
foll owi ng copper layers is replaced by (1-0.05i)d (Step S150 in Fig. 2),

the second and followi ng copper |ayers nmay be processed with the | aser beam

4a of the dianmeter d. The spot dianmeter on the to-be-processed portion may
be controlled t Ligpt 7 cont Lol Led, by ga LN h di st ance
hOLo COOLEOL S €50 DY 2 f8208ENPAY NG
bet ween t he aper TUre %é&%orggbgﬁgn% ?%% ?o-%e-proces%e a§ ©
monitored. When, for example, the output of the laser beam 4a
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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portion. The intensity of the reflected |ight 22 varies in accordance with
the angles of the mrror 11X and the mrror 11Y (that is, the signal |evel
froma processed portion at a distance fromthe |l ens center decreases in
accordance with the distance). Accordingly, when the |evel of a detection
signal is corrected in accordance with the angles of the mrror 11X and
the mrror 11Y, the detection accuracy can be further inproved. Light

i nci dent on the photo-sensor 30b or the 32 photo-sensor 30d nay be split
into two, one of which is used for detecting light with a wavel ength of 355

nm and the ot of which s _used for detecting light w,th.a wavel ength of
400-600 nm Alt &Hﬁﬂu?%et%%e?b%m%%%gi§yogo$ﬁ%r%%eggi%ag?h%g F%gulating | ayer
is fixed in the aforenenti oned enbodi nent, the energy density may be

changed hatdwaysthg dugh sprocessnadg o H qsindAcbCear agehenns ireplisgws! showi ng
shapes of a processed portion in the aforenmenti oned processing procedure. A

suffix i s given 40 £ach £oRdust o #-ayen)50} ,angde €358 and following

copper layers may be processed with the laser beam 4a of the

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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insulating layer 51i of the printed circuit board 13 so that the suffix i is
1 for the uppernost (surface side) ones in Figs. 5A-5C. In 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 |layer is processed.
Energy density HE in each case is expressed by height. As shown in Fig. 5A,
when processing of an insulating layer 511 is started (that is, inmmediately
after progessongensdrazcopmey Beayerl i50inhtot beoenengyoflensi¢ly imyudzed nade

hi gh 33 but Iow enough not to process the copper |ayer 501 (for exanple,

3J/cm) . Aft h;n{g{nhu %R:I nggha%%ra\,% ngsthprQCéagged bgggc% Cvép% of its

t hi ckness %ﬁ c? e Jenef be 1 en the
energy density of the | aser beamis controlled thus, the processing

ef fi ci encyf ednichei s npedvied; deaadt i he liinsul it iing wayerercarh bé 4reevéit ed from
remaining in the hole bottom As shown in Fig. SB, the energy density for
pr ocessi ng. an insulating layer may be varied in three | evels. Wen the
ener gy denS|ty of a |aser beamis controlled thus, the side wall of a hole
to be formed can be nmade snoot h.

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 501 and each
insulating layer 511 of the printed circuit board 13 so that
the suffix i is 1 for the uppermost (surface side) ones in Figs.
5A-5C. InFigs. 5A-5C, the upper rowdesignates the cases where
a copper layer is processed, and the lower row designates the
cases where an insulating layer is processed. Energy density

Hr 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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When the first conductor |ayer and the second conductor |ayer are connected
with each other, the dianeter D of the |aser beam 5a for processing the
first insulating | ayer may be nade snaller than the dianmeter d of the |aser
beam 4a as shown in Fig. 5C. In such a nmanner, a constituent nenber of the
insulating |ayer gasified by processing is exhausted rapidly fromthe
surface so that a hole with a snooth side surface can be fornmed. In any
case, plapungom ¢mohgls sodet e girocars shehp erchaereta Bdr o 1a ( pbatdxegnireocess i f
the shape of the |aser beamb5a is controlled so that a taper angle a of the

o de surfseecfor oo Lp o Laseh 308 LaVeE 1 10,900, tsa b d oo anol e

a of the inhér 'surface con beam
shaper to thereby control the radial energy distribution of a |aser beam
That is, 70% okxarpltdidknedsaper dasglbe atbanchergncdeasedy whersetheaate with
whi ch the energy density in the center portion of the |aser beamis reduced

radial |y poverd;the peRLRNeRA! cROEL|OBehS: tl NGEeRREd1 abEX! pedfsqLi Pion Wil
be described on a specific
controlled thus, the processing efficiency can be improved,

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
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exanpl e. (Processing Exanple 1) An RCC material (glass containing substrate)
havi ng a copper layer thickness of 12 mand an insulating |ayer thickness
of 60 Ft mwas processed with a top-hat beamof a |aser beamd4a (with a
pul se frequency f of 30 KHz) with an energy density of 8 J/cn2 and a
diameter of 45 m In this case, a window could be forned in the first
conductor layer by 11 35 pulses. In this event, the depth of a hole forned
in the fitsta phstulayipgotayer ifashaothbdpegef thanl3dser btawasacasfirned
that the first insulating | ayer was hardly processed with the |aser beam

4a. The ener nsi t set _stepwise (1.6, 1.0 and 0.8 _J/c i

rocor dancE WY RLLRR. L RoLERFERHALEE 5f Odnt Tk na et 35 AroEngs

t hree-step processing was perforned with a total of 70 pulses. Also in this
case, it wasagconfistiheditfalaygoodshobeosqual ity and hol e shape coul d be
obt ai ned. Wen the energy density was 1 J/cnR2, there was no case that a
copper layer just under an insulating | ayer was danmaged or the shape of a
hole formed in the insulating | ayer was

Here, the taper angle a of the inner surface of a hole

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 « 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 um 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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defective in spite of extra irradiation wth about 10 pul ses after the

i nsul ating | ayer had been renoved. In order to prevent the hole quality from
deteriorating due to high-tenperature deconposed substances, it is desired
that so-called cycle processing (for exanple, when irradiation wth a |aser
beamis perforned 20 pul ses for formng one hole, five to-be-processed
portions are grouped, and a cycle in which 36 the five to-be-processed
portions @ikséd r adhatleds enesmtgnehbydeptie ofi &hdhe floaserd beaths & irepeat ed 20
pul ses) is performed in real processing Here, the diameter of the |aser

b f t h t t to be 9 %) f th
i amot or BFOTIRS  RSEA HodiiT 0F° pridtees frnd. Lh: 1)ith "eenGaator oyor . 11

is, however, preferable that the di aneter of the |aser beam for processing
t he n-th tclomdudteorf irayeinsslandegetpiadr ot herdiignetecesoeédtiet tbdatttecom of t he
hol e processed by the | aser beamfor processing the (n-1)th conductor

| ayer. The gggs&g qloyention is not limted to a punching method, but it
can be app i ed repanni ng method which is a nethod for processing a
hole with a | aser bean1haV|ng a

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 quality 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 is performed 20 pulses for forming one hole,

five to-be-processed portions are grouped, and a cycle in which
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smal | er dianeter than the dianeter of the hole. Mst of the | aser beam 4a
reflected by the mrror 11 and entering the focusing lens 12 is transmtted
through the focusing lens 12. However, a snmall mnority of the |aser beam
4a is reflected by the surface of the focusing lens 12, and goes backward
in the incomng path so as to enter the 37 photo-sensor 30b. That is, the

| aser beam 4a refl ected by the processed portion and the |aser beam 4a
refl ect edcy fihes sur-freceraafeddrrl focusiong bkeasitPadt etéedcodeatoron Myhe
phot o- sensor 30b sinultaneously. In this enbodinment, it is necessary to

identify y & I r_be 4a refl ect by rocessed tion. The

| aser bea%lq%lamrte I%%fsglda%eyraﬁleeaanéulrgf ace e(;%fctet%éo‘oh%g@l?sels g Seﬁseq:%:fﬂlmse%r egar ded
as noise. Therefore, the intensity range of the |aser beam 4a refl ected by
the surface refil tpeodosssiag | ens 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 |ight 22,

it is possible to inprove the detection accuracy when perforating a
conduct or | ayerHdyed nghe diameter of the laser beam for processing the

n-th conductor layer was set to be 95% of the diameter of the
lagser beam for processing the (n-1)th conductor layer. It is,
however, preferable that the diameter of the laser beam for
processing then-thconductor layer ismade equal to the diameter
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
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processed is finished and the detection accuracy when perforating an
insulating layer is finished. [Second Enbodi nent] Wen the intensity of the
reflected light 22 incident on the photo-sensor 30b is |low, the detection
accuracy may be |owered. 38 Next, description will be nmade on a

nodi fication of the present invention. Fig. 6 is a front view of the
vicinity of a processing head according to the nodification (second

enbodi nendhotod - ddresoprr@ient Thawvernt,i ehe PadédAbéapl aberé60l st diidposeed on t he
printed circuit board 13 side of the focusing lens 12. The 1/4-1. plate 60

is characterized out put t i i-nci dent _|inear olarized light in the
form of CQIS%CU Sésﬁ%/)iéoﬁgﬁgpiazrle&(;gPFglhats,eraﬁ arBlﬁltaplﬁ %?%gt?ﬁayd@ﬁ Séli%:%c?ﬁlearl y
polarized Ilight inthe formof linearly polarized |ight. Wen circularly
pol ari zedof itgie ficxusafioedead, 1Roarexanpl @éenthyora tiea poot dtsenguod d0ikzat | on
direction of the reflected circularly polarized light is reversed, that is,

the rOtaIéf%hfg§ﬁ§%d§H&Fh?hegkigsembodiment, it is necessary to

identify only the laser beam 4a reflected by the processed
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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changed by 180 degrees. Therefore, when the circularly polarized |ight
whose rotation direction has been reversed is incident on the 1/4-1, 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 exanple, when the light incident on the 1/4-X plate 60 is a

P-pol arized, the light reflected by the processed portion and output from
the 1/4-1, platee8), @dwiris,idrheinéf beat®tt ldrnght m8@1i 22yat $oamS-tpel ari zed.
The mirror 11Y is constituted by a beamsplitter transmtting light with a
wavel engt 0: and a photo-sensor 50 is disposed on the

transm s Eé?%?% * ?éh%P%nn1rror 11Y. The phot o-sensor 50 detects |ight
having a wavel ength of 500-550 nm and reflected froma copper |ayer. Next,
the operation dfidq he secendrembodigwnofwithé biecimieserabed pradassdard y

pol ari zed (P—polarized) | aser beam 4a incident on the 1/4-a. plate 60 is

tted f 4
emtte %%éécprcuﬁqarl S%J] c%o%%ﬁaser dDQJnﬂgg%ﬁan?S@f beam 4a

(4ac in arized beam 4a 1's inci ent on a

present invention.

Al/4-)plate 60 is disposed on the printed circuit board
13 side of the focusing lens 12.

The 1/4-) 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 fromthe 1/4-A plate 60 (that is, the reflected light
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processed portion. Even when the light is changed from linearly polarized
light to circularly polarized light in ternms 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

pol arized light. Reflected light 22 (circularly polarized | aser beamiac) 40
reflected by the processed portion goes backward in the incomng path, and
| eaves the2 )1/ 4s , soh as epbDansz&d pol ari zed refl ected |ight 22. The S-polarized
reflected light 22 is reflected by the polarizing beamsplitter 10, and

i ncident on the photo- sensor 30d. On the other hand, the | aser beam 4a
reflected on the surface of the focusing |l ens 12 passes the pol arizing beam
splitter 10 and enters the photo-sensor 30b. That is, according to this
enbodi nent, theTlhetrettian 1HEcus acynsfitieed by extledahi ght i22ecan be nade
hi gh when the output of the photo-sensor 30d is nonitored. In the sane

manner, t | f_t t hgh 2_qof aser beam
5a can begﬁagg%ﬁg%ﬁgahgﬁgHgﬂgy%ﬁt%u?g%?1§%%§%ﬁggo%ggn§%§ %@b %ggn%nitored.
photo-sensor 50 is disposed on the transmission side of the

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-A 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 1ight 22 (circularly polarized laser beam 4ac)
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Here, when the depth of a hole processed is increased, the intensity of

em ssion 23a becones | ower. Therefore, the detection accuracy of the

phot o-sensor 21 nmay be |lowered. The crossing angle between the axis of the
phot o-sensor 50 and the axis of the hole being processed is snaller than
the crossing angle between the axis of the photo-sensor 21 and the axis of
41 the hol e being processed. Accordingly, the intensity of the em ssion 23a
i nci dent =f Yder gphbt/a-lsepsote 58ed poritghergddmhackhe rdntrenké tiyicafmitriae

em ssion 23a incident on the photo- sensor 21. Thus, the accuracy to

identify t em ssi-on _23a_can e,inmproved when the output of..th

phot o- ser%agtreh{%@ri lrﬁ%fietsoFé(?. 1’(‘?(5%%2?5? s%%saosr %’?@gafﬁf%geﬁfcggdr epl aced
by a third beamsplitter and a photo-sensor. The third beamsplitter is

di sposed beghear? .t hEh¢ &gro loscl 2edtmmt lecard fhghbeabh deftadftiearte@lbyo as to
reflect 99% of light with a wavel ength of 300-800 nmand transmt 1% of the

light. T -Se i i sed t I, ] SSi hde of .the third
beam spl i %P@éfl}anﬁt% Bcezasrg,s%?%e p ro?lorb-'s%%%rlg%g?f%?ngj%%g%dg%ﬁ&o have to
be provided. Though not shown, the beamsplitter 9a may be replaced by a
pair of beamssplidt.er@n tive opdier bandearhs plisttrebsains4éa reflected 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 the hole being processed is smaller than the crossing

angle between the axis of the photo-sensor 21 and the axis of
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di sposed so that their rotation axes are skewed from each other. The beam
splitters are designed so that each beamsplitter can rotate around its
rotation axis (that is, a pair of steerable mrrors are disposed instead 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 exanptles hold Mdiwy yrcardeead sphetdedisgly hathd henttevos can dfe t3$ueppl | ed

to two processing heads respectively. For exanple, when the area of one

printed cjrcuit d.is. wde, t_ processjn e perforned,again in
Phe n dai " <5t g o sh i 8T ok Bir RIS SR 50N B e
during processing by way of caution. In such a manner, the reliability of
processi ngheamtendity hef thprevedsiJhe2dasencodent | abothé gkoepal |y has a

frequency-output characteristic as follows. The output of the |aser

illat ' tih] - [
Fovever, TR QUCRIL JoeT e seBs ol et TRE Tretucnty FoSRes The eerTai n

value. That is, the output characteristic of the |aser
be improved when the output of the photo-sensor 50 is monitored.

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 fromeach 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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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 43 dividing the output by the frequency. Even
when the value of the energy density is fixed, the processing conditions
are not determ ned uniquely. However, according to experinental results,
it is effective to increase both the output and the frequency when it is

i nt ended ¢ordunct easerd heapriocessoagsspded, and it is effective to reduce
both the output and the frequency when it is intended to inprove the
processing quality. [Third Enbodinment] Fig. 7 is a block diagram show ng
the schematic configuration of a | aser processing apparatus according to a
third enbodi nrent of the present invention. In Fig. 7, in the |aser

processi ng appdattiisenactbedl aget dad $a erfsodamert spa itnatdr rxacgiter, ol
portion 101 has a positioning control portion 103 for positioning and

trolli - t ab| 2, I . trol
por 1 on 1057 o L oI TR T 1 acer BeamT05 i (R W eh Fns BOA A1 w1

be irradi ated.
to two processing heads respectively.

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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A |l aser oscillator 104 is connected to the |aser control portion 102. The

| aser oscillator 104 emits the | aser beam 105 based on a command 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 | aser beam 105 enmitted fromthe |aser oscillator 104 is incident
on the polarizing beamsplitter 107 through the mask 106. The pol ari zi ng
beam spl idierdiy tis diusposetdyathe afrangdecof ZBHedegheestid thalnespeact to the
optical path of the |aser beam 105 so as to change the direction of the

| aser be [ ees ... I r._beam_105 .ravel i n irection
has beenq%kaéggﬂggéggﬁgﬁg inélgggé gﬁ%#ﬁ%Fass§€' ﬁggaiﬁgoﬂﬁi%ﬂﬁgﬁgll be
described in detail later. An fB lens 109 is disposed under the biaxial
scanner 198 emnthed quarqeslwavEopkate, 120coirdidpsposedpketiweartatlhe f6 | ens
109 and the board 111. The biaxial scanner 108 controls the angle of the

| aser beamJOs 1 ngi dent, 9 tihe S 8.l ens,109. The, | AseroRsAm 105, passes

t hr ough e quarter ‘'wave plate 'S appli on a er m ned

position of the board 111. The | aser beam 105 applied on the board 111 is
refl ect edfrequency when it is intended to increase the processing speed,

and it is effective to reduce both the output and the frequency
when it is intended to improve the processing quality.

[Third Embodiment]

Fig. 7 is 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.
A laser 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,

44



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 reflected beam
113 passes 45 through the quarter wave plate 110, the fO lens 109 and the
bi axi al scanner 108 and then reaches the pol arizing beam splitter 107. In
t hi s pol aanisngdieam=apld beam $p7ittbe boariks diefdecied redmrl Ldides not
reflected but transmtted by the polarizing beamsplitter 107 differently

from the 1asehdiean, 1034 condanser,| ensq a5 { epuhi g, L he haard et fect ed

beam 113"tFaRSHitted be i At T oduced josed “at the back

the polarizing beamsplitter 107. The board reflected beam 113 condensed by
this condeisers |iensi der® i itita gduced 4imto beam @ptliicdle rsérsiorit hkbtéighThe
optical sensor 116 converts the board reflected beam 113 into an electric

signal . 1411%3 %’k"‘fg%ed ﬁqegpéllair%zi% tbégmasgfirlgcfcee '1'69 %rools Hagngstic

portion géed ‘as to a procéssing a perspective
vi ew show ng the bi axi al scanner 108. The bi axi al scanner 108 has two
st eer abl eamiarradres 0o£205 ateprees with respect to the optical path of the

laser beam 105 so as to change the direction of the laser beam
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 f6 lens 109 is disposed
under the biaxial scanner 108, and a quarter wave plate 110
is disposed between the f6 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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121. One steerable mrror 120 can swing around a horizontal axis so as to
make 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 make the | aser beam
105 scan the to-be-processed area of the board ill in the Y-axis direction.
46 The two steerable mrrors 120 and 121 are di sposed orthogonally. The
posi ti oni tigr SWdt rtthe pRidtosr LoBve aptdtd S11d heeHeotft ilemsanglesmef tiee
steerable mrrors 120 and 121. Wien processing in the to-be-processed area

usi ng thebPéﬂ%f" ?éﬁﬁé@e{oéognéistﬁéﬂ'@%gh%é hﬁoar 8%%‘%?.2}915@85& and

posi tions next to-Dbé-processed area e scan area of
t he bi axial scanner 108. The operations of the polarizing beamsplitter 107
and the sphiteer idve plattdiklpowkirh zbagdesan isped thelrowowi t the efegdence to
the schematic view of Fig. 13. The polarizing beam splitter 107 is

char act erjzed. byedransfi 140, Papol pcizedcchight whlbyis.Lhoht baying an

oscillating direction paralle e paper ecting

S-pol arized light which is |ight haV|n% an OSC|IIat|ng di rection
per pendi cebBarisinhdean splltter 107 differently from the laser beam

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 splitter 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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paper of Fig. 13. Wen the | aser beam 105 emtted fromthe | aser oscillator
104 is S-polarized, the | aser beam 105 is 100% reflected by the polarizing
beam splitter 107, and the angle of the |laser beam 105 is controlled by the
bi axi al scanner 108 so that the | aser beam 105 is incident on the fOlens
109. The fOlens 109 is constituted by a plurality of |enses 109a, 109b,

. for conpensating aberration etc., and the opposite sides of 47 each |ens
109a, 109hhe .tware: condlete wnt hranti 12efdedtive dréndispotedefl ective fil ns
avai |l abl e presently can prevent reflection to a good extent but cannot

prevent r ﬁﬁ%éﬁgﬁl ergggtnglgigﬁlhgc Bﬁk Eg¥lé%$'%0%0 g@glreflectlon

of about occur i ng Tn"each sur i on o Jbout ° 0. 1%
occurs in each surface of each |ens 109a, reflected | i ght correspondlng to
t he nunberthefrdteises d08a¢s.of ths §tmsEnte momrolre o0 aridzilAg . bédmarspl itter
107 as a lens reflected beam 114. The lens reflected beam 114 is not

transmtt ol ary zi pli as
refIectedgg?%gifﬂggmﬁégg?ﬁ é?a%ér8%22§$$%§o%£%% %ﬁ% Pgée%£ %g%?105
transmtted through the fOlens 109 is used for processing the board 111.
In this evemtner het®e iiss finished, the 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 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 light 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
fOlens109isconstitutedbyapluralityof lenses109a, 109b,

for compensating aberration etc., and the opposite sides of
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a large difference in absorption of the |aser beam 105 between each

i nsul ating | ayer and each conductor |ayer belonging to the board 111 forned
into nultiple layers. Accordingly, the board reflected beam 113 varies in
accordance with the difference in absorption. Generally, the conductor

| ayer is higher in reflection than the insulating |ayer. Theref ore, when
the refl ected beam 113 can be sensed, nonitoring to know which 48 is being
pr ocessedeadihe eeenouesd prioloayer . ok richeca hsdivatihngnt ayef 1 eanibe fidmfsaar med. The
refl ected beam 113 can be sensed easily if the surface roughness of the
board 111 is | ow enough to be regarded as snooth. However, the reflected
beam 113 may be reflected irregularly due to sone relationship between the
surface roughness of each conductor |ayer of the board 111 and the

wavel engt h of thetilostledeane 10blmapphvedl @nle herssefiate. chn pravsncase, the
light intensity of the reflected beam 113 reflected by the board 111 and

returnin %eam@é{ cS’IE’ttE | ec éo%)xté’ljr@ }9&1‘30?%2%8150’]:5%%2@%1&; Fékl&@&hﬁ”s

reflecte y each sur enses s not

negligi bl e as n0|se. The |nfluence of this surface roughness of the board
111 beconpsrfectly. Usually, it is inevitable to allow reflection of

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 lenses 109a, ... is incident
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
higherinreflectionthantheinsulatinglayer. Therefore, when

the reflected beam 113 can be sensed, monitoring to know which
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conspi cuous when a short-wavelength |aser is used. In order to solve this
probl em according to this enbodinent, the quarter wave plate 110 is

di sposed between the board 111 and the fO lens 109. Wen the | aser beam 105
has 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 refl ected by the
board 111i hae ipenetsat eded he hguashlic vaw @ ayielrabe thE0iagai at asgtlhkerdroar d
reflected beam 113 (homeward), the polarization direction turns 90 degrees.

The | ens re&lggtg?ﬂpean1&;4 and the board reflected beam 113 return

t oget her ﬁlwougl'}D e sane 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 renmains S -polarized. However,
the board reflected beam 113 is transmtted through the pol arizing beam

splitter 107 b I l.ar i S i - I turn of

90 degrees. The o%%él%eF%§C é%Egggﬁ%%igeE%?Eﬁ%ﬁ%?%%éﬁt1€gﬁ%§%§g%1t rough

t he condenser lens 115 and is introduced into the optical sensor 116.
roughness of the board 111 is low enough to be regarded as

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. In
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 reflectedbeam 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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According to this enbodinment, the | aser processing apparatus has the
quarter wave plate 110 between the f8 lens 109 and the board 111 so that
only the beamreflected by the board 111 can be sensed due to the

pol ari zi ng characteristic of the quarter wave plate 110. Thus, the
processed condition of the board 111 can be determ ned surely even if the
reflected beamfromthe board 111 is so weak that a sensed signal thereof
50 i s faints deFduerdtlk EbbodhereatalrdFigl ad peachlrack ddt agram sthomivaget he
schematic configuration of a | aser processing apparatus 100 according to a

fourth e di t of the inventi.on. ig.--8 t,ion of a
refl ect ed aé%ér?l iasgaelr%oadgl ngln blos%réil:f%éfrléer?t%%%fm%oe% ?lié%t h(?l;%&%g%%{%i’nent in

that a polarizing plate 123 is added. Due to the addition of the polarizing
plate 123th¢ heoldaynatiol dnreptical teyssedd fdegseasing a refl ected beam 113
is different fromthat in the third enbodi nent. The angle with which a | aser
beam 105 is incident on an fOlens 109 is controlled by a biaxial scanner
108. Thus, a predeterm ned position of a board 111 is irradiated with the

| aser beam 105
The lens reflected beam 114 and the board reflected beam

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 quarter 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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so that the board 111 is perforated. In that event, the board reflected
beam 113 is emtted fromthe board 111. Here, when the surface roughness of
each conductor layer of the board 111 is remarkably high, the board
reflected beam 113 is reflected irregularly with a considerably spread
angle. Wen the spread angle is wde, the irregularly reflected light also
| eaks fromthe periphery of steerable mrrors 120 of the 51 biaxial scanner
108. A |l ens fefitected beam 114 reflected by the fOlens 109 may al so have a

spread angle due to the shape or layout of lenses 109a, ... Thus, the lens
refl ected ? eam, gF | eak fromthe periphery of the steerable mrror
120. VMen %oar d beam 113 | eaking fromthe periphery of the

steerable mrror 120 nakes a round trip via a quarter wave plate 110, the
board refl ected beam 113 becones a beam whose pol ari zation direction turns
90 with respect to the lens reflected bean1114 Thus, the lens reflected

beam 114 is bhﬂufGQSszdQ é@f&%é $§§W£g% y@gnség mgg&gr|2|ng plate

123 is aligned wth the rec ion oard Iected beam 113 is
transmtted. As a result, only the board refl ected bean1113 passes t hrough
a condenseenf mpsrddommnef iz laser processing apparatus 100 according

to a fourth embodiment of the invention. Fig. 8 shows only a
path portion of a reflected beam. This embodiment is different
from the third embodiment in that a polarizing plate 123 1is
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 £f6 lens 109 1is

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. In that event, the board

reflected beam 113 1is emitted from the board 111.

Here, when the surface roughness of each conductor layer
of the board 111 is remarkably high, the board reflected beam
113 is reflected irregularly with a considerably 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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recei ved by an optical sensor 116. According to this enbodi nent, 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 |ayer of the board 111 is so high that
irregularly reflected |light reaches the biaxial scanner portion, the faint
board refl ected beam 113 can be sensed so that the processed condition of
t he boar dbidAdi £arns&2nhiber det®r nhnken s uref Yec f dd fidndermaodimefitdcdedy.by® is a
bl ock di agram showi ng the schematic configuration of a | aser processing
apparatus_100 cordin to fifth enbodi nent of .the invention. Fig. 9
Shows. onl 5% T4 dFPScEad- TRgrt Sert o OPEFG FROLReTUANES HdEPaRE Fi g, 8.
In this enbodiment, a polarizing plate 124 and an optical fiber array 125
are addedot olatheutconf ilgursed ard af, t.he thiusl, wWrbddinente deovired peling. 7, and
the condenser lens is omtted therefrom A sensor 116 is connected to the

oLl cal TLETRAL A 120 LO-ACERECAREILED 41 v IR JAN ol 8 0Pt G

120. When the board reflected beam 113 leaking from the

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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A | aser beam 105 passes through the optical fiber array 125 and the
polarizing plate 124 having a hole a little larger than the beam di aneter
of the | aser beam 105, and reaches a biaxial scanner 108. The angle of the
| aser beam 105 incident on an fOlens 109 is controlled by the biaxi al
scanner 108 so that a position to be irradiated with the | aser beam 105 is
positioned in a predeterm ned position of a board ill. Wien the board il

i s processedistéhnihed! aseelpeam 105, a board 53 reflected beam 113 is
emtted fromthe board 111. This board reflected beam 113 conmes back

t hrough the. putward path ogether with a lens reflected beam 114. The board
reflected?ﬁbggmrg% O@h%e?EL | ens refl ected beam 114 becone beans t hicker
than the | aser beam 105 due to the influence of irregular reflection or

| ens curvature. Accordingly, the board reflected beam 113 and the |ens
reflected beam 114 are partially prevented from passing through the hol e of

the pol arizing pl ate, 124, i N¢i 0 e _po i Z] e 124
surroundi ng thépﬁ%le? eagg %?&zé&?@ﬁg%i$%%$%%ﬁ oﬁétégﬂgggﬁggreflected beam
113 having nade a round trip via a quarter wave plate turns 90 with respect

to the | emonfefiliezt ednbehm MakseTucadmine@pparatus 100 according
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 1little 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 fO 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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refl ected beam 114 is bl ocked by the polarizing plate 124 when the
polarizing plate 124 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 the optical fiber array 125 and is received by the
optical sensor 116. According to this enbodinent, the lens reflected beam
114 is bl ocked by the polarizing plate 124 and the board refl ected beam 113
is introtkitesctad dbddne 10t iecabmsensdr fAd6 e aughrd he loptTiciad bdadeer array
125. Thus, onIy the beamrefl ected by the board 54 can be sensed. As a

result, even e?%?ﬂfﬁgﬁ gs b%TkF|gr©ﬁ%ﬁhehgr g@éegiégggltlon can be

determned3 i 'men is'a gram showi ng t he
schemati c conflguratlon of a Iaser processi ng apparatus 100 according to a
si xt h enbodieemer ofittthe ileventebhec®ed Horrgh 14 4bedihne Sptdnd erefilesatiesbosed

bet ween the | aser oscillator and the axial scanner 108 in the third

enbodi menf . 3 dﬁ%‘”ﬁ;;o Fk%il eQi btetaﬁtrli'%%eéorgé Shosed el c%@%?g an 10

| ens 109 an I's e odlnen he quarter wave

di sposed between the fO Iens 109 and the board 111 is om tted.
than the laser beam 105 due to the influence of irregular

reflectionor lens curvature. Accordingly, theboardreflected
beam 113 and the lens reflectedbeam 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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A | aser beam 105 emtted froma |aser oscillator 104 is incident directly
on a biaxial scanner 108 via a nmask 106. The angle with which the |aser
beam 105 is incident on the fOlens 109 disposed next to the biaxial

scanner 108 is controlled by this biaxial scanner 108. After that, a major
part of the |aser beam 105 is reflected 90 by the beamsplitter 118 di sposed
at an angle of 45 with respect to the optical path. A predeterm ned

posi ti on @dinthesboaed. 10k & sdguladi atved M t hetdwnsddsegnbdans 35 rsq t hat the
board 111 is perforated. Here, the 55 ratio of reflection to transm ssion of

the | aser_beam 105 in.th e plLitt I.S. abou -l. A part of a board
o ect od” o 455 GRherSraat fia ve Fertecet ThiR) THEShgard 111 i
transmtted through the beam splitter 118, condensed by a focusing | ens
115, and f{$enchiFrbhadeditenn] an optical sensor 116. The optical sensor 116
converts the board reflected beam 113 into an electric signal. After that,
processing simlar to that in the enbodinent showmn in Fig. 7 is perforned.
In this enbodi ment, the | aser beam introduced into the optical sensor 116

consists of the board reflected beam 113. Accordingly, the processed
condition can Fig. 10 is a block diagram showing the schematic

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
scanner 108 in the third embodiment shown in Fig. 7, a beam
splitter 118 is disposed between an f0 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 f0 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. A
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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be grasped surely even froma faint signal of the board reflected beam 113
Wi t hout influence of the lens reflected beam in the ff3 lens 109. In this
enbodi ment, the beamsplitter 118 is disposed between the fE3 |lens 109 and
the board 111, and the board 111 is processed with the beamreflected by
the beamsplitter 118. Here, processing is perforned not with the
transmtted beam but wth the reflected beamfor the follow ng reason. That
is, if thetbean cafdengseidrbyathrensmisstibe bfkehael@ser ansamticed i56 by t he
paral l el -plate type beamsplitter 118 di sposed obliquely at an angle of 45,

astignatigg%mggég 3§£ﬁ§té9 cadse. a problemthat the shape of a beam spot

near a focC poi nt d " be rectangular” "[Seventh Enbodinent] Fig. 11 is a
bl ock di agram showi ng the schematic configuration of a | aser processing
apparatus 100 according to a seventh enbodi nent of the invention. This
enbodi nent differs fromthe sixth enbodi nent showmn in Fig. 10 in that an

opLLC3 O SPosc APHERI UL s M3 andpde ol g Rt

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 f0 lens 109.

In this embodiment, the beam splitter 118 is disposed

between the f6 lens 109 and the board 111, and the board 111
is 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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in the six enbodi ment of Fig. 10, a dichroic mrror 119 is disposed in this
enbodi nent. When the dichroic mrror 119 is wused, the processed condition
of the board 111 is deternmined by a light emtting plume 122. Specifically,
the dichroic mrror 119 is disposed at an angle of 45 degrees with respect
to the optical path. The |l aser beam 105 is reflected by the dichroic mrror
119 so that a predeterm ned position of the board 111 is irradiated with

t he | aserbpetane 1obraThes;pl heeboapd Bddmi sppettoerated. dWapnsbd t he board 111
is processed with the | aser beam 105, a light emtting plume 122 peculiar

to the material of the b 111 itted together, with a board reflected
beam 113, CTHEL G EAORE FLPTBIOT 65" cait T Ut ARy (opecr HF e uavaithoth

light. A dichroic mrror reflecting only the wavel ength of the | aser beam
105 i s usedradltdret dachriod ehaperof all9amWrert nehe ddacd lrediectvedillseam 113
is reflected by the dichroic mrror 119, only the light emtting plunme 122
is transmft the dichroic mrror 119 and condensed by a condenser
| ens 115h%%u%§%%%£%€£%$bcessing is simlar to that of each aforenentioned

enbodi ment. According to this enbodi nent,
[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 beam splitter 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 respect 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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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
enbodi ment, the dichroic mrror 119 di sposed between the fOlens 119 and
the board 111 is designed to reflect the wavelength of the | aser beam 105
to be used. Here, not the transmtted beam but the reflected beamis used
for the flod¢liovéng reason.pitdcdde=deamicantensatbbennt s ora tlhegHtd ke were
transmtted by the parallel-plate type beamsplitter 118 58 di sposed

obliquely at, an angl g of, A5, %%f‘i%r}att‘os%‘é%'ge OCFULe A% cgaersc#"lltl’lthe
shape of A bean spot- hear ‘a oc§1 point wolrd“ba”r ec angular.” Tn addition,
even if the wavelength of the light emtting plune 122 is changed when the
materi al oé emhetbdardgdtifierswibhngedoatfiereéfgbttedi beanglpBumdE22 can be
sensed. 59 What is clainmed is: 1. A nethod for perforating a printed circuit

boar dhavingy, §ondHeLor, | ayer s.Andekosul abhng Layers; baglnatedgalternatel y,

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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the nethod conprising the steps of: irradiating each conductor |ayer with a
pul sed | aser beam whose energy density is set at a val ue enough to process
the conductor |ayer, while nonitoring em ssion froma processed portion;
obtai ning the nunber of pulses of irradiation required for processing a

wi ndow in the conductor |ayer; and processing a w ndow i n another place of
the conductor |ayer by the obtained nunber of pulses of irradiation. 2. A
met hod f odlipeséed abbhggacpyi At edncangUet oboasd, aecigmh hifsthow&had m 1,
wherein the mavelength of the em ssion to be monitored is set at 500-600
im 2 AJELIPd hara DRl arat LAg &hdud Bieed slheubhe hard . Agcoididgd 0 O al
1 or erern e n ber ‘o ul's irradi t|on requi red for processing
a mﬁndOM/ln each conduct or Iayer is obtained in each of a plurality of

di fferentwphhddss reacrauwkad nubm \ealdid iofn t keyeobt §i pled wanmersgof qful ses of
irradiation is set as the nunber of pulses of irradiation for the conductor

layer. 60.d. A JmLhog FOmPenfidiatingid PhinLed GhésW e BRA G141 of
the board 111 is changed, the light emitting plume 122 can be

sensed.
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according to any one of Clainms 1 through 3, wherein each insulating

is irradi
density i

ated a plurality of pulses with a pulsed |aser beam whose
s high enough to renove the insulating |ayer but |ow enoug

renove any conductor |layer, so that a hole reaching a conductor |ay
the insulating |layer or reaching the outside is forned in the insu

| ayer. 5.

A nmethod for perforating a printed circuit board accordin

| ayer
ener gy

h not to
er under
| ati ng
gto

Claim4, wmhetelsn ¢theideédmeser of the | aser beam wth which the insulating

| ayers ar

W t h mhiCP.the_£%pq%%kp%ﬁ5L§%gE§

a printed circuit b

e irradiated is nade | arger than the dianmeter of the | aser

. . . | ¢ .
ard ﬁg%g% chgﬁ%%§$e?gr%ﬁégﬁ&%%g%ﬁ%ﬁﬁﬁ¥

| ayers lam nated alternately, the first layer fromthe surface of t
printed céonduttobdanyerisandcomiuctiond aypgerst heniethod adérprrisgialy t he

steps of:
a pul sed
di amet er
conduct or

irradiating the first conductor layer a plurality of puls

{ﬁéeﬁﬁpﬁg@1ggﬂ giggﬁg?gﬁé.g§e§?Uﬁ£:to a designated hole en

and ose energy ty is gh enough to renove the firs

| ayer, so as to renove
irradiating each 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 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.
2. A method for perforating a printed circuit board
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 or 2, 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 obtained numbers of pulses of
irradiation is set as the number of pulses of irradiation for

the conductor layer.
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61 the first conductor layer; irradiating the first insulating |ayer under
the first conductor layer a plurality of pulses with a pulsed | aser beam
whose dianeter is larger than the dianeter of the | aser beam processing the
first conductor |ayer and whose energy density is high enough to renove the
first insulating |layer but |ow enough not to renove the first conductor

| ayer, so as to renove the first insulating layer; irradiating the i-th (
is an integer from2hdanfoeonducbontliayes arphuedl ciycofitpbbses with a

pul sed | aser beam whose dianeter is smaller than the dianeter of a | aser

beam proSﬁé?&HQn{% (%\ﬂé) oh 8?”@ ﬁfs haygt.aggd whog; ?e‘%%%%a%%”s' ty is

hi gh enoug ore I-th con | ayer, so as renmove the i-th
conductor |ayer; and irradiating the i-th insulating | ayer under the i-th
conduct or ithayéatangl bagkrt ysof rpafisesedi & hpbupul sed dasenl bearwihose ener gy
density is equal to that of the | aser beam processing the first insulating

| ayer, §§sé8t1ha"sf%%¥8e%%ﬁoéé‘ enleBSW @LADG: | a¥er i gMReIsidh the - digneter of a

hol e for

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.
5. A method for perforating a printed circuit board
according to Claim 4, 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 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 a
designated hole entrance diameter and whose energy density is

high enough to remove the first conductor layer, so as to remove
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conductor layer is kept thus. 7. A nmethod for perforating a printed circuit
board 62 according to Claim4 or 6, wherein the energy densities of the

| aser beans processing the first to i-th conductor layers are nade equal to
one another. 8. A nmethod for perforating a printed circuit board according
to Caim4 or 6, wherein each of the |aser beans processing the first to
i-th conductor |ayers tapers a side surface of a processed hole at a taper
angl e of 4Re90ir8t fondthodrf dayperforating a printed circuit board
according to any one of Clainms 4 through 8, wherein one printed circuit

board i s process : e .QCessi f t 1 Ni t h nber of
pul ses of irrad%g ?%%a¥g?%éggﬁgﬁg§§?Eb%%%%%ﬁggf?%gg%lg§§%9tggeéﬂﬁfﬁ¥ended
conductor or insulating layer; and a processing step for irradiating a

t 0- be- pr ocessdedtopdrayeon awthréhetpusedlbaseribeanpalsetbeasef fmdses of
irradiation determ ned by the test processing step, so as to process the

Eg;’g' ProgRSSELPORLLOP- 1 0. A dLRAY LoE RELLOrALI 08 ArPrilied (Gl dpuit
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;

irradiatingthei-th (iisaninteger from2 ton) 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.

7. A method for perforating a printed circuit board
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according to any one of Clains 4 through 9, wherein each conductor |ayer is
scanned with a | aser beam having a snmaller dianeter than the dianeter of a
hol e to be processed, so that the hole is processed in the conductor |ayer.
63 11. A nethod for perforating a printed circuit board according to Caim
4, wherein the dianmeter of the laser beam wth which the first insulating

|l ayer is irradiated is made snaller than the dianeter of the |aser beam
wi t h whi céctdredihd nst Ctanductar 6l, aykere snithradnatrey. déRsiAipsi of edeci rcui t
board perforating apparatus in which a pulsed | aser beam output froma

| aser osci i Lntr d_thr ptic rinted
circuit b%%%%£q%§v%h f@gﬁ%ﬁﬂ%ﬁﬁtﬁgyﬁﬁggaﬁg>?n§h|§%?§égf§52$§Y é%fﬁ%ied
alternately, so that a hole is processed in a to-be-processed portion of
the printeddei equrl boarde &hetpernted circuit board perforating apparatus
conprising: a sensor for nonitoring em ssion fromthe processed portion; a

conpari sop neans fory, GOMPAL i N9, A0, QUI RYt ; Of 1 HE§eDSOL L1 W bh,24Pr edet er m ned

t hr eshol d val ue;

according to Claim 4 or 6, 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 any one of Claims 4 through 8, 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.

10. A method for perforating a printed circuit board
according to any one of Claims 4 through 9, 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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a counter for counting the nunber of pulses of irradiation wth the |aser
beam wi th which the processed portion is irradiated till the conparison
nmeans operates; and a storage unit for storing the nunber of pul ses of
irradiation counted by the counter; wherein the nunbers of pul ses of
irradiation stored by 64 test processing are used as the nunbers of pul ses
of irradiation for processing the conductor l|layers and the insulating

| ayers respectid wvettyhod3foA perhivedt tng caliprboaed perfolat bngrdppar at us
according to Claim 12, wherein the sensor is disposed in a position where

the sensof_gcapns éc?rcfaﬁ‘?n m %«%‘e% ?j Eﬁ%t%am%ée A pril fd e &1 Gty board

perforat|ng apparat us accor arm her conprising. a
splitting neans and sensors dlsposed in the optical systemon the incom ng
side of |wvght Wbk tthes pfocessietsportion,ladie ispliinnddig tasdnss gpideti ng
light wth a wavel ength of 500 -600 nm the sensors detecting the split

L LR SR 00 L SEL W BB et chvetenots
first conductor layer is irradiated.
12. A printed circuit board perforating apparatus in which
a pulsed laser beam output from a laser oscillator is
introduced through an optical systemto 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 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
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to Caim12, wherein the optical systemhas: an energy distribution

sel ecting neans capable of selecting one of a top-hat distribution in which
the energy distribution of the |aser beamis substantially uniformin a

pl ane direction perpendicular to an optical axis of the |aser beamand a
Gaussi an distribution in which the energy distribution of the |aser beam
shows a Gaussian curve in a plane direction perpendicular to the optical

axi s of thest agserecbeamy &Hbe L6edA Prhatrecthancat pulear-do panfrerdatatigprappar at us
according to Claim12, wherein a database in which setting values of the

| aser oscillator and respective optical syste re set, for ach _beam node
and each %?Ié rtoecreSosflntgng’PlFa%%Irlgﬁ(tzzgcr)nriclsayper ovi ggtﬁ(lanlrf%&elas l()?%geal%/l?rﬁst. 17. A
| aser processing apparatus for irradiating a work with a |aser beam so as

to processesphecwovklwith the | aser beam conprising: a laser oscillator for

oscillating a | aser beam a beam scan optical systemincluding a scanner and

gscﬂ f’gfiﬂ .”gn'z‘?E)Zri\f;\ng:eig!oé’g%gb?@i&%ﬁdqﬁek%%t9%8@&5@%5&95 10, dihg, | aser
to Claim 12, wherein the sensor is disposed in a position where
the sensor can monitor the emission directly.
14. A printed circuit board perforating apparatus according
to Claim 12, further comprising:

a splitting means and sensors disposed in the optical
systemon the incoming side of 1light from the processed portion,
thesplittingmeans splittinglight withawavelengthof 500-600
nm, the sensors detecting the split light with a wavelength
500-600 nm and light with other wavelengths respectively.
15. A printed circuit board perforating apparatus according
to Claim 12, 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 to the optical axis of the laser beam.
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a quarter wave plate disposed between the processing lens and the work and
for polarizing light reflected by the work. 18. A | aser processing
apparatus according to Claim17, wherein the beam scan optical system
includes a steerable mrror, and a sensing nmeans for receiving |ight
running off the steerable mrror and reflected by the work is disposed on
the opposite side to the work with respect to the mrror. 19. A |aser

pr ocessi nys appak atnisitactol dingttimw B aprridratwher @panabeamcensiing neans
havi ng an opening | arger than the | aser bean1enitted fromthe | aser

osct | Tat ok, s lippaseq beLwhen 56 Lhe beam,sean ptical «sYskemanidd he | aser

osci | | at of ~and stantrally coaxially mnt axis o e | aser
beam 20 . A Iaser processi ng apparatus for irradiating a work with a

| aser beah®asor agst bl proeesand heeswe &kt e PRthecd hserstramare gl ilsihg: a

| aser oscillator for oscillating a | aser beam a beam scan optical system

| ol udi nge 3 ROAUPFoRA0aAg PIASRASHAG J:e08 {IOf 1008t baRngs e kasel beam

emtted from | aser oscillator, on the work; and a beam'splitter

di sposed between the processing | ens and
in the storage unit.

17. A laser processing apparatus for irradiating a work with
a laser beam so as to process the work with the laser beam,
comprising:

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.
18. A laser processing apparatus according to Claim 17,
wherein the beam scan optical system includes a 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 mirror.
19. A laser processing apparatus according to Claim 17,
wherein a beam sensing means having an opening larger than the

laser beamemitted fromthe laser oscillator is disposedbetween
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the work; wherein the work is processed wth the |aser beam reflected by
the beamsplitter. 21. A |laser processing apparatus for irradiating a work
with a laser beamso as to process the work with the | aser beam
conprising: a |laser oscillator for oscillating a | aser beam a beam scan
optical systemincluding a scanner and a processing lens for positioning
the | aser beamemtted from the |laser oscillator, on the work; and a

di chroi ¢ oherloeadi spasedpbetakbenytshempandessenyjakensosandlbherwank; 67

wher ei n the work is processed with the |aser bean1ref|ected by the dichroic

|m rror. bséanésehfrc%% 33'12% %E’E’@ra%t ?ﬁt{% 11553008 Ng, g poank wth - a
aser beam SO as OCGSS Wor | aser eam COITpI’I SI ng
| aser oscillator for oscillating a | aser beam beam scan optical system
i ncl udi ng2@. scahderseandrace peodvgsmprydtens fboripositaomag vheklwisdr beam
emtted from
a laser beam so as to process the work with the laser beam,
comprising:
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.
21. A laser processing apparatus for irradiating a work with
a laser beam so as to process the work with the laser beam,
comprising:
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;
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the | aser oscillator, on the work; an optics di sposed between the processing
lens and the work and for transmtting |ight generated fromthe work; and
a sensing neans for sensing the light transmtted through the optics. 68
wherein the work is processed with the laser beam
reflected by the dichroic mirror.
22. A laser processing apparatus for irradiating a work with
a laser beam so as to process the work with the laser beam,
comprising:
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;
an optics disposed between the processing lens and the
work and for transmitting light generated from the work; and
a sensing means for sensing the light transmitted

through the optics.
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