;e3e(e "ac4PcNd6dT(eqy726 March 2004 DESCRI PTI ON LASER DRI LLI NG METHOD AND
APPARATUS Technical Field The present invention relates to a nethod and an
apparatus for laser drill in which works such as printed circuit boards and
ceram c substrates are irradiated with laser light froma | as@fares2od4 at or.
Background Art Wth trends toward m ni aturization and hi gh-density nounting
of electronic conponents, high density is required for printed circuit
boards. For exanple, an interposer is known as a printed circuit board for
packagi ng by nmounting LSI chips. 4¢Fggygp7hgﬂding bet ween such LSI chips
and the interposer has been primarily perfornmed by w rer bondi ng processes,
flip-chip nounting tends to increase. Furthernore, the nunber of pins in
packages is rapidly increasing. Wth such trends, holes having snall
diameters with fine pilagmEs DRELING METHRD #NDARRABATHISOVI ded in the

i nt erposer. Though such drill has been perfornmed by a nmechani cal machini ng
process using a fine mechanical drill or by an exposure (photo-via)
process, laser light is being used recently. A drilling apparatus using

| aser |i gAechsicaupield or t o nmechani cal machining using fine drills in view
points of processing rate and ready fornming fine holes. As I se‘ | i ght, C02
| aser and har noffihe preseat isvankon jatesdpa getahang aﬂsﬁﬂp%%{éﬁgé G a | ow

price of the laser oscillator and reduced operation costs. il a known
| aser dri idrill #ppduicht worksssugh apprigied C'F@H'é&%&gﬁé‘&ﬂ\W%’M‘%Spggéqteggg% | at or
is introduced to an tical,scanning system having a biaxial 26 March
2004 2 galafisias with Wigkkipmh%%r?}é?ﬁlégaéhner or gal vanoscanner via an
optical path including a reflecting mrror and the like. The opti cal

scanni ng system scans the | aser beam and introduces the beamon a printed

circuit bear a processing lens (for exanple, Japanese Unexam ned
Pat ent Pu%%lcggﬁ?%ﬂuﬂ . 10-58178). Since positions of holes to be formed in

‘the printed cir gty treAas towa® Mirphiufizaten byddegledensisdmadundngtfi cal
scanning systemis controlled according to the information on the positions
of these kice®nicocsoponboisehighrdensitydseeqirasbicepsintes gisctibbeaidsby Fehe

| nvention However, in the one-by-one drill usi n_%; the optical scanning

syst em haekapleh@nxinterposemisknomwnyas agisedsiievil bpaw B PagkagRI Y e

increases in proportion to the nunber of the holes, in the pripted circuit
board. Si MINtRE FEGhipse Athquah bending bebaeere such Ll§l!)8f]fp35%fd ﬂ}?s, it is

§§ LL%? E'rtzg%é’@%‘%reﬂbgf %hé{mwé%ﬁ??a'ee@f R R s oA
he proceBRghBalds KiPare < Pl B IRbERor Ang i PRokaded d; °66°°

hol es/ sec I . an object of the present invention is to provide a
met hod foFaqﬁg@Z'ﬁajgggir?é't hat can formmany holes within a short tine

conpared wi th kmwséﬁﬁén@é,iHdlé@aamhtr;fmﬁau didnestbey withifieetpitthes healledes ent
invention is to provide a nmethod for laser drill that can select an
appropr i atia yles,asasnige peivigedirf e intesposgn ece.
Though such drill has been performed by a mechanical machining

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

laser light is being used recently. A'drilling apparatus using laser light is

superior to mechanical machining using fine drills in view points of processing

rate and ready forming fine holes.  As laser light, CO, laser and harmonic

solid-state laser are generally used because of a low price of the laser oscillator

and reduced operation costs.

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

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



Still another object of the present invention is to provide an apparatus
for laser drill suitable for the above nethod. 26 March 2004 3 Discl osure
of Invention The present invention is a laser drilling nmethod for carrying
out the drilling by irradiating a workpiece with |aser |ightgisasih #odsaser
oscillator through a mask having a pred§term' ned mask pattern. In a first
aspect of the present invention, said | &er light is transfornmed into | aser
fight having a linear crosssection, and an irradiation position of said

| i near |as i oSy fd t [ j jece are
synchr onodgty i Tyt ok BBned el X P er S e ER Bl AR

posi 1 on fatahdubiRged réfie@ﬂbﬂ‘éﬁﬁ!ﬁ ahBSh@RKe NITAERARERPSATHP 8 steh

per pendi cdlar to théeé exten rection of said lI'inear laser 1ight so that

sai d mask deansananesbrepafalihtfedicdsanerbddradh a phetedircuithoatdi | 11 ng
defined by said mask pattern is carried out to said workpiece. In the |aser
drilling nethemh aeesdelshg ledstie dxahgile afdiRHeselyn@tdraingdrRatent i nagi ng | ens
bet ween said mask and said workpiece, the projection ratio of said mask
pattern tdssicdtionNgqildess t78). b&ised positiondef halesrto de formed intité pdnted
according to the first aspect, the displacenment of said mask or said

wor kpi ece dircudldioaed ade peatininarlyciadeirhiaet otheoppriical soanwng SyBEM éser
oscillator may be controlled in accordance with the detected di spl acenent.
In a secof@niofed aceerdingtpthesiafarmativann tie pesiiiens aktieseihgigs fosform
transfornil% into |aser light having a linear cross-section, said nmask
arranged &5 BPR A eni ned position is irradiated with the |inear |aser
light. Furthernore, said workpiece is noved in the perpendicular direction
to the extending direction of said linear laser light, so that said

wor kpi ece_,ﬂrgb%ﬁﬁ)ﬁ%e %M'VE%A) @%gbvéﬁﬂm passi ng through said mask. Thereby)

the drilling f1ne y sai pattern is carried out to said workpiece.
In the |aser dr'HdWé\Qar,”fﬁttHQ%n@CS)ﬁbﬁéWilfﬁﬁiﬁd‘ﬁwé@ﬁﬁ&#ﬂsé&rﬂﬂﬁg,sy_btérﬁ_rrangl ng
an i magi ng | ens between said nmask and sai d workpi ece, the projection ratio
of sai d mhskingaheeXdY $carser dr gavapioecanaNtHzcosettion tigte Maredsezliod 4 In the
| aser drilling nethod according to the second aspect, the displacenent of
sai d wor k prepetios toltheourder ahthe helessthd printed cipeitaozcd. oSincgi el aser
oscillator may be controlled in accordance with the detected di spl acenent.
A | aser dF¢3nransg qfphecaivanogeanieriip@bost AR Pesell dheiffiguidatiPER 308 i es out

ég _5: r{ t ORGP Hoe -a%#m%rfigghﬁéﬁ%‘?vrétﬁ Rﬁt@%?ﬁ?d'@iﬁf%gbi s Bfc | aser
orovi‘ded aTERCRN B p R ruR P SifetadpbRabe Boeld HRLERE RF M o
laser |1 ofe Aa¥LB0oP1Hd GBS i§g,%%§e?ﬁ hﬁg'cagg,dth% c&rﬁbé@siﬂ?ﬁh‘?‘f ifeQlis

g sai d mask~and sai'd wor kpl ece. An iTradiation position

synchronously novin
&d gh4 dtif 9ateSst shoomdleSAkcsystem is fixed. Said drive
4 drifl ¢4 _

of said | bneRysd®Se s
mechani sm noves sai d mask and sai d workpi ece so that said mask passes

t hrough an irragcesidinglpesi dbjeot of theairdsémsaventiahs, to prolvitbea mettiow
direction thereof is nmade perpendicular to the extending direction of said
| i near | afoedagdrghi that tdraforeamdnydsites witbicem sbdrtiins adnhparettadthiknowin | i ght .
Thereby, the drilling defined by said nmask pattern is carried out to said
“wor kpi ecelasgndrilingenetdiods) i ng apparatus according to the third aspect may
be further provided with a FOSi tion detector for detect IBE‘% th(gcE qi spl acenent
of said workpi eBBOWHRA ORIEGH A IR Pesenbinvegtien i 1o Rigvidea Bxthod 1eri '8per
operation said |laser oscillatar in accordance wth . di spl acenent

dot ot ed 9 BT GBSETAG 6 SHTRBTAIE PrPAESHIRs PREEM Bra WPRBIHSSE: at us
according to the;t b L#l-FRBRE of {He fPR%eREinvention is to provide an apparatus

for iaser drill suitable for the above method.




provided with a position detector for detecting the displacenent of said
mask in place of the position detector for detecting the displacenent of
sai d workpi ece and a controller for controlling the oscillation operation
of said |aser oscillator in accordance with the di spl acenenig gatcciged by
said position detector. A laser drilling apparatus according to a fourth
aspect of the present invention is provided with an optical systemfor
transform ng said laser light into |laser light 26 March 2004 5 having a

| i near croQss- ti . a drive nechani smfor noving said workpiece. Said
mask arraﬁ%@%éi@reaoqu\z%ﬂl@r m ned position is irradiated with said |inear

laser light fro ' ih¢ahtictY &t £ Msepatifing M oaeoh sairgimgnadke sai d
wor kpi ece in thgqh%?rrgg%@itlgﬁ at}églfsr ection togt he extending direction of the
kr

l'inear | aggfink Oatiriacd woRksle e Wil laser light Soamaddseyosditatbativeugh ght
passi ng t?rﬁgitr} h@s]alag ma?ié The@eby, the drilling defined by said mask

pattern i sng il aretiotesminbdwTdepipatiern.| nint dtirst aspectiof thei pigsefpar at us
according to the t%i rd and the fourth aspects, by arranging an inaging | ens

between saénmasksaitidasailighs kansfoemed irtopasgrdight bAVIng @ 6Near ¥8FY mask
pattern to said workpiece can be set by said inagin I,sgfns. I'n addition,

sai d opti cattioy,drehar aradiatiorepbsitied o paid e@s drsdrdight | f‘h’f‘?ij-opt i cal system
onsi ty" albodfheror e asmassanshean ok a8 e BRI PURY aPHeY Sdft
ensity a S er

Caser |1 gheit mesk sasaeEIeREh eI e RO S B RERe D
aser lig | 0 a Flnear shape. In

t he above-nentioned.|lager dr.illin ' RS dRstfohofidalethedrt may
be. f urt hemMPARG CHERIQR ﬁ'ﬁrﬁoéﬁﬁeﬁ)%ﬁ&%@ég#g%?)grran%'g@ect | nlght%gesadi sr?l acenent
of said r kpi,. ral: ' ighs.Cci Thatsbgnthe

oper at  on A8 ey BeE R Sbahed B et O T aol a2

er o0s I n actordance wth the displ acenent
det ect ed %Yipihgedé?f?éhtﬂw%‘aié%m Sitterd ik @arridRpeuf Dtgakh wairkpieee Dr awi ngs Fi g. 1
shows a confidguration-o

a laser drill apparatus according to a first
enbodi ment of t ety REendriling enéthod, acsbedieg K the first aspedioRl as@nGG 3 |
configuration and Fig. 1 (, b? shows a main part, viewed froma. different
angl e, of imbgingdehs petvesérosaidiromsk andmsaif workpgee, the projection ratio of said

mask pattern to said workpiece can be set.

In the laser drilling method according to the first aspect, the
displacement of said mask or said workpiece is detected, and the oscillation
operation of said laser oscillator may be controlied in accordance with the
detected displacement.

In a second aspect 6f the present invention, said laser tht is
transformed into laser light having a linear cross-section, said mask arranged at
a predetermined position is irradiated with the linear laser light. Furthermore,
said workpiece is moved in the perpendicular direction to the extending
direction of said linear laser light, so that said workpiece is scanned by the laser
light passing through said mask. Thereby, the drilling defined by said mask
pattern is carried out to said workpiece. '

In the laser drilling method according to the second aspect, by

arranging an imaging lens between said mask and said workpiece, the

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



26 March 2004 6 Fig. 2 is for describing the operation which is for
transformng the cross section of laser light into a |iner shape by the use
of a honpbgeneous optical systemand a cylindrical |lens shown in Fig. 1,
where Fig. 2(a) shows an energy density distribution at a czeMarchexiodon of
the laser light and Fig. 2(b) shows the,cross-section of the transforned
linear laser light. Fig. 3 shows a cross-section (Fig. 3(a)) of the
transforned linear |aser |ight and an exanple of the mask (Fig. 3(b)) shown

in Fig. 1. Fig. |4sdpserdniipganetdicsdrdmgtibphe spcomd edpedt; the t board t hat
I's processed using the apparatus according to the present invention. Fig. 5

shows a coidpiasembhost sidavdrrsieceds dbtecterhamat the esviltationraperation séswidd
enbodi nent of the present invention, where Fig. 5(a) shows an overal
conf i gur atlaser avetlaforgnap Ue) corhimiieddn mecordaace, with tectad displaceresht
angl e, of the configuration shown in Fig. 5(a). Fig. 6 is for describing
the confi guieser drilliof appacatigeticoeting tothe presenyinveniife CarHoueg) shows
the configuration of the honpogeni zer and Fiig. .6(b) shows the cagnfiguration
of one of da¥lingyby isresiiatingsa vebpigce with l@_serebé)t_frc#n@_ lagey ppalt ?Troéﬁ@?“g'ﬂ@
by 90 deqreesiahang & WECRIABIGed TSN TAHSIRn: 0P, SSHErUY GPBERS Shows t he
R R e L T
A el e Al R S A
the presenb foy-eiid QuriviREEhdHigm 18F SncHIEMBUSHP ntkeR@khid mask and said
workpiece. An irradiation position of said linear laser light from said optical
system is fixed. Said drive mechanism moves said mask and said workpiece
sothatsamrnaskpassesﬂvoughaninamaﬁonposmonofsawlaserﬁghLand
" the moving direction thereof is made perpendicular to the extending direction of
said linear laser light so that said mask is scanned by said linear laser light.
Thereby, the drilling defined by said mask pattern is carried out to said
workpiece.
| The laser drilling apparatus according to the third aspect may be further
provided with a position detector for detecting the displacement of said
workpiece and a controller for controlling the oscillation operation of said laser
oscillator in accordance with the displacement detected by said position
detector.
In the laser drilling apparatus according to the third aspect, it may be
provided with a position detector for detecting the displacement of said mask in
place of the position detector for detecting the displacement of said workpiece
and a controiler for controlling the oscillation operation of said laser osciliator in
accordance with the displacement detected by said position detector.
A laser drilling apparatus according to a fourth aspect of the present invention is:

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




configuration and Fig. 9(b) shows a main part, viewed froma different
angle, of the configuration shown in Fig. 9(a). Fig. 10 shows a
configuration of a laser drill apparatus according to a fourth enbodi nent
of the present invention, where Fig. 10(a) shows an overal |26 Mafch\gooah 2004
7 configuration and Fig. 10(b} shows a main part, viewed froma different
angl e, of the configuration shown in Fi®. 10(a). Fig. 11 shows the

rel ati onshi ps anong the cross-sectional shape of the |laser |ight, the nask,
and the pr, S [ i i i 4 El idea Shows
a confi gurh%tgfhing%g%;#@ggﬁ%ﬁﬁ% %nggapéﬁ\é %‘%@b%?&r@ﬂg léfﬁg’%e{[? tw r@gﬂ%g%l'i ment
of the pr | V. i b Brinbd (e i I Lguration
and Fi g T A e e s e
confi gur atdQn | | Eaificpsi Fi aid arigh evscHdresr hetdssaitli ps anong
the cr oss?%%gtllggﬁg@ms%gmtgf&?@g?a) ;qsao(%at he | aser light, the mask (Fig.
13(b)) . angrkheceiRarssethepaidubarmditddtion 18 3e Extereliey diragtidroot the iirtear d
enbodi ment. Best Mdde for Carrying Qut the Invention Referring to Fig. 1,
the first igpudhnenthatfsarl Wesiriede id scamprarnt ihe lasevlightrassing theopatesent
invention will now be. described. In the enbodinent, the description wll
be nade wistid maghkr dThereblyetheadriling defihecipp sait oaskipatiern s ¢aiieda@ulyo ng out
the drilling by irradiating a printed circuit board (workpiece) 12 with

pul sed | asaid woggpiede om a | aser oscillator 10 through a mask 1 i having a

det i ned k patt .. The | light f t he | il at 10 i
Pomogent zed i n BT ek aSeCANBAGRPERER ) BRI P e AYLREORe Boti ol
t 13, Here, th - ti.onal densi ' | Th
Y ahe T 1 oRePRES] B Ara6RRR AL reroind oen Bebiagy Tl rhikof BdRalPbRifendl T, 00"
T ght | 3%8irep 379109 'gEmeruy" F EPOSSEy
the Gaussl i POIFIRER 61 SER TRYHaTRIN R ol ahplceR, e SEBL AR, 7 o T he

center. Tnﬁaggﬁa@&%}eous optical system 13 transfornms the lFaser |ight having
such an energy~density distribution into | aser |ight having the sanme energy

density at everjn f@ditib®said opfchbeefeAQRh (we Wdlked &yrebbrmogeaizarnpl e
exanpl e of the honogeneous optical system 13, it is well known that the
cross-sect i onal Salbgstioal sy$tem emrcdmprigesf 2 bomadgeneasigoptisal sysiemrthad | s
enl arged by an optical lens and is introduced to the mask, so that only a
portion hhemagenizesdhe anergy aensitycaputdod srass-sectiontofdbe daserdight HoM exanpl e
is bundle fibers con&osed of an assenbly of nmany opt 'bcal fibers. Tpe
cr oss- sec@ighasersigi@terantha ClYB@‘é’r'Cq]iQﬂgthﬁFHﬁ’PF MsJ98 CrasPRPURNPT 10 i s
enl ar ged an optical |ens and .introduced to fthe. dle fi . The bundl e
fibers e'rﬁ?')té Ipser 9'1*3@5@ Sﬁ@'i"?fﬂoge'ﬂ%%%%§Y§Wﬁ558%elf{§%a{?p%ﬁ§t ri bution.
Still another e l.e | LiRG | any
I)ﬁftﬁg}ﬂ%otvﬁérhgp@%ﬁ%%%&PPH@HH%@%&!‘P&U@ e HRRGORRed t

rate, the | aser geneous optical system 13 and

rats 1ed by thE N 1S I cal e
aving a ﬁ\%gQ%ePu?frﬁnH? Pgér‘ﬁq%d’ wﬁiﬁ????ﬂbﬁ defdtSent defedingth ikplaeémeans

via a reflective indrical lens 15 1S for transform ng the

Cr 0ss- sechfi &Hid Workfiece ap@ra Lo@PsHdrFentdriplreeassiatiorpdperation s bain 13
into a linear cross-sectional shape. Referring to Fig. 2, the laser |ight
from t he lasgpgstikatusinogidotaancy aithnhe displacement detected by the position

detector.

Briet Description of the Drawings

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

the configuration shown in Fig. 1(a).



13 has a circular cross-section and has a beam profile shown in Fig. 2(a).
The beam profile represents a waveform whi ch conti nues a constant energy
val ue when the cross-section of the laser light is observed. Here, the beam
profile is trapezoidal. By using the cylindrical |ens 15, i25 Mardhox®i4bl e to
transforns the | aser light having a tragezoi dal beamprofile and a circular
cross-section into laser light having a“linear cross-sectional shape shown
in Fig. 2(b). The cylindrical lens 15 includes a transverse cylindrical
| ens 15-1 def i nigg $ heppi BBt ort WBlkn 83 fnsBAmlg PR cross-
Ccross-sectional @g'a%gegj\rﬁnéﬁaslapgﬁgitpgéilp%gﬁocr{yhﬂnmdhr ?ca{ ?ens 15-gglﬂdefi ning the
l'ength of fi 29 shBBe lbytRause! ¥ F6flbgeRabus bpieal Such a
a%e'&ﬁgh??%e&éﬁﬁf@;ﬁ?ﬂgser Fth havi o9 4

cylindric aving the |inear cross-sectional

shape wi t fyyatamh @il é)EdeHéam@ntscswrna#iﬁm | Whers Bl 2gadshovieagen exdy
several centineters. 26 March 2004 9 The |aser oscillator. | 0, the

hormogeneousereRy detibgtis & trossssttioneofaikilaskr light ahd g 15basbowsteel. That
is, the irradiation direction of the laser light having the |inear

cr oss- sectdresmbectitapef thedrenmsfotreed finean laker lghti ndrical lens 15 is fixed.
Fig. 3(a) shows the cross-sectional shape of the linearly shaped |aser
light. The si ze Fig 3 Bbowsrgtroseisestioni(Fige B8{ay obthe tansfageed lingar lasar set to
be slightly larger than the size in the width direction of the mask 11
shown in Hght a@‘?ﬁﬁ.exﬁﬁ@fﬁﬁﬂhqmaﬁé‘sﬁg-rﬁiw shereihFignd! udi ng nany hol es,
whi ch define a processing pattern fqr the printed circuit 12. This
mask pattern m%ﬁg-rﬂzﬁhﬁﬂgﬁ@n‘?‘%ﬁ"@s&%m&ﬁ %pf’ﬂfec? %W%&!&Wﬁ{aﬁﬁéﬁs or many
hol es 11 a arranged.at . random as in Fig. o i«s.J ndi cates the

pr ocessi né)r?)%ﬁs[sg%&ls'i%g ﬂ?:ﬁ?PP"'r‘r “%%g‘gél}'@l”@&%‘@gt%.gé%&%g%?@m can be

sel ected from vagd 2006 fighPalJIRG £ thde? Uil MppafatlisacdBidhigiaiang L he
projection rati g“é'ggé%ﬁj@g%a |pﬂg@?at; e n%&éepat%(]aa?] to the printed circuit
board 12. ¢Bkéng bpitiMent B Hieasiekent indbhBoiwHerb. FIgNs (@) @hoieen taardil t he
printed circuit board 12 is | oaded on a work stage 17 novabl e al ong an

X- axi s angopfiyraxba andFigasih)eows a hiais pant eiiwethiroinsa differenttangle.ed in
that a mask stage (not shown) for holding and noving the mask and the work
stage | 7 #neceyfigurabonshbwnrin\Fagl &a). The work stage 17 can be noved in the

X-axis and the Y-axis in the same horizontal plane b a,worg staﬁkeﬂdrive
mechani sm 25. | Frig.1 is ferdeacniring the panfigisrticn 24a FREFREPWHHE- X- axi s
by a mask stage drivy chani sm 26. rin he drilling,_ the. st age
drive necﬁéﬁ'i‘%ﬁl mig. ﬁﬁ"tirg?‘ﬁ’é"s\/%‘relg '55%Wi ‘%e&" WW%E?@E‘Q@%N onousl y
control l ed, by a controller ot _sha . - k 11 and the
print ed ciSPE%Ft?h%&QPﬁgli@%QP&Q?yﬁcﬂra\g%dgﬁg%%ﬁ%@\m 'ri E@'cr‘?g%c')si te directions
by the mask sta Y IS wHdnvige®afani sm 25,
respectively. Sp .idi;|?f%§ﬁr%%%qﬁﬁec:6@§€ra?§qF%E@%\S’*Bt oh%%?t he npogi tion of the
| aser 1ig R e d RGotd8a gubidedirotal the xisléh thembniduenimas ng
directi ongh?w?ﬁe%si& 026 March 20%4 |0 11 i s perpendicul a?‘g%to t he

ext endi ngwiet@Fid. PlapEhdwe thasenfidurghitn batHengombgehizeeand Cigsibk shawsnal
shape. This nmeans that the |aser 1ight having the Iinear crosssectional
shape seethisghnfigiration bhanether peefodaerayflens eetssshowriin fige7(aser |i ght
passing through the holes in the mask pattern of the mask 11 by such

scanni ng r eacheFig Beisp@ stereescopicispmebinvigwiof therhameoeeen shayihiy | ens 16.
Since the_novenent of the mask 11 and the novenent of the printed circuit
board 12 Ki%Ssynchroni zed with each other in the opposite directions, many

PE'ee;r i ‘ese?i - Eig O yiraia Emgaian ot 2SRy oulkde B BrECeiePibs of" T?;‘i‘ by
e o O el B EperthS PR K er HBriibnl RECREEIE ShetbRcan by on. e,
other vior BSntid g SR ENBFiE.8®) Shohd® Mal FafoflelaSforh allifelent Bhglesame as

t he scanning e o Ight to the mask wever, in the case
of a scal i ioh dhe F& Jemagni fi ed mask pattern i s projected
onto the %r%%dé@uﬁt;%u%?é\g%ﬁd@;%)?he noving rate of the patterned | aser
light on the prFwted showsld cohbgurdtiba of a laderedrilt apresatuseasoadinggar ate to
the mask t1. The controller synchronously controls the mask stage drive
mechani snicGthaerdbbdienewirdf tise agesent inventies haheeent 25 10(a) chwisdlt averél of such
a difference in the noving rates. In sone cases, desired drill may not be
conpleted by a single pulsed | aser em ssion step due to the thickness of
the printed circuit board 12. In this case, for exanple, when three shots
of pulsed laser light are radiated, irradiation is performed such that the
peak regions shown in Fig. 2(a) partly overlap with each other. This is
realized by that the noving rate by the stage is decreased such that one

- .




11 described below. The region of drill for form ng many holes in the
~printed circuit board 12 by the above operation may be |imted in sone
cases, though depending on the projection ratio of the inmaging lens 16. In
such a case, this region is a square area having a side of 3®Mareh 2004
centinmeters. On the other hand, drill agcording to this embodinent is
generally performed for each processing region of the multiple printed
circuit board 12 including a plurality of delimted processing regions

12-1, as %?n‘ﬂ’gu?d‘!ioﬁiéhd Fig. ADRCiHBWOA endih pees vieveed frgimoa differént anglei¢fl ed by
t he above operation, the™next ‘processing region can not be drilled before

the print efe ebhiglratioaahdwhaniFighoo@). For the reason, the printed circuit
board 12 is noved by the work stage 17 for the next processing region.
Nanmel y) after t Heg.drii $howgtHerelatienghipe eswngghe egoemsactional shape o thent ed
circuit board 12 1s conpleted, the work stage 17 noves the next processing
regi on t o lasardight,itbe maskhtanddhewrotessedaatiajniaseerdieg tothediidse, t he wor k
stage 17 and the mask 11 are independently driven. By the way, the above
nmovenent &miedimenbcessing region requires a certain tine. On the other

L he Bbove movendie ) Eaas arcariUratan ol ey AL Aredkiis 2cEating Bbe | gser
fight , d | i.ght. This is.. | | zed- t i ti f
tha| acer THbambadinient o' ME birseah iwen bl WhoE B ol st AT Bt On ©

t e |s i f i, |, d
oot cal mapdhgwaliph ATl REWTSHORs £ ¥ PAR V@ o Bifterendd oA
achi eved tﬂ¥e Eeﬁﬁil%rggoﬁ Qﬁo%fihﬁé.i -yga(a)'[i rror 14. Nanely, the reflective

mrror 14is ro during the  novenent so that the laser light travels
toward a positi @rg.d@vér@dwgmé Fedatid iy Amoayithalcrosssectional shape ¢Figase, it
is preferable that a target is disposed at a position of the proFagati ng

| aser | i ghB(ahentidiaseefigrectiemaskr(Fig: 18¢)),carat the. provessed gatteins(Fidr
absorbing the energy of the laser light. At any rate, such operation is
cal | ed nadB{c)yaacarding tl the thisglenepdienhe above 12 26 March 2004

ment i oned maski ng. The description of the noving rate of the patterned

| aser |ight and the subsequent descriptions will be applied to a second

enbodi nment, d rj bed _bel ow. -Referring.to Fig. 5 the second enbodi nent of
the pr eseﬁeﬁ’&dﬁfgbﬁbﬁwwg Qé'?hé“s[ﬂ".egélaﬁ‘ In this enbodiment, in place of

t he honbgeneous j.cal t - [W=Ta (g AiEASparatds the first
enbodi nment showﬁpel?%ﬂnégdpﬁffj' g“héﬁ%%ﬁ?é@@ tiogge{'%l%%n%ed etween the | aser

oscillat Q%cégrd"i’rg!gtottlﬁ% s;g‘é&éﬁﬁhbéﬁtidﬁ Wihowbe. ddreripbber Icof épbainems are

qui te the sane I'n the enbodi nent shown in Fig. 1. The honogeni zer

20 has fugped Hessidiohiwiliibe Mategaferitare B trealasey tik appsraausi which isybi ndr i cal
l ens 15 and w Il 'be described in brief with reference to Figs. 6 to 8,

t hough i t chayingowm thd keillingrmoienaidizting20 prifted ascaitptasrd i(workpieee)tWdowlh r ay

| ens sets 21 and 22 and a | ens system 23 having four focusing | enses. As
shown i n Pulpeddasemighifroayallaser assillatar 1GhHrodals agpasly 11 §¥EY 21 A and 21 B
opposing at a distance so that the concave faces oppose each other, each
bei ng an Predgjedmnined rodskapaiteial ity of cylindrical |enses arranged parall el

to each other. Simlarl) S shown in Fig. 7, .the array.| 22

i ncl udes array I%bﬁé%%erié}it gﬁﬁ’ aﬁf)"p%%‘f"%do'égog ﬁ?@gﬁﬁgeggﬁtcaﬁs t he
concave faces oppose each oth [ | 9 0 Plurality
of eyl | neie s ey AR gB pofeoBL 8 ballel Yefen e 1AL AL (ke
when t he € L brbl YenSit  byrH0ageoidge rne wnslidsbe axis.
Accordi ng?boz%tst e;%g}ﬁgla%/ﬁ%rgkgieggitg%Zﬁggtﬁlgw%z are gonbigrﬁd so that the .

ext endi .ngoﬁéiﬂ%ﬂ@[g&feréi &3 hichelias afodseseapnof I il aaseythearerget 21 is
perpendi cular to tHe exténding direction of the cylindrical |enses of the
array | engegssity didirivhtionay tétmsshiedtibe is weantheaGalissian sigtsb@oraimd 22 and
the I ens system 23 including the four focusing | enses nentioned above, the
honogeni zahicktheashdrbe density incredses theandthe eentgr.t hEhehoRwgeseddnal ener gy
density distribution 26 March 2004 13 and the function for transformng
the | aseropiicgitsybtavh 1§ ttansiarmsciiedaser ight hewing iehi an enengy Jefsdy | i ght

havi ng the |linear cross-sectional shape. Since ﬁhe_o%zrati on for drilling

is quite distribidion iale laset lighi hanig thestanesBH81 nsity| 2l eY&BCPPHPon t her eof
will be omtted.




Referring to Fig. 9, a third enbodi nent of the present invention will be
described. This enbodinent differs fromthe first enbodinent in the
following paints. In the first enbodi nent, the oscillation operation of the
| aser oscillator 10 is continuous. In contrast, in the thirgs RaRRoDANt,
the oscillation operation of the |aser ﬁsci |lator 10 is controlled based on
t he di spl acenent or position of the prifited circuit board 12. Concretely,
the printed circuit board 12 is noved at a constant rate. A controller 30

Cesponse o ¢ he WandEbattl PRt b AfbaBtceld ghete Chsin.

printed CifLyik haPkihw? 13RO R0k BEQRRIEPLRADE Ot BRSIELEOIght Thamlths er

osci |l | at or S on reception o scillation trigger signal and

em ts the |Lagersdil ' gézm bR pticaciednaserd iedairbiiwdenr toleasask, at es
in synchrcl%u smsvé”ﬁ&%%@r%@lg nt ycr)f thpe printed circuit board 12 (work

stage 17) .sohpht bh@é paARh having Bi Kigle @hadiareniergyadensignis extractist.ecti ng t he
di spl acenent or pdsition of the printed circuit board 12, the position

det ect or HndthePegaingrdisiundtetipets cignpbsediobah aseembly ofmang oRbeR! st age
17, and the controller 30 is provided for controlling the |aser oscillator
10 based dibetdie The prosmsestionabskapedf the iarer fnﬁfﬂifquﬁgh%&séétoép'”ﬁiq’ & her
configurations and operations are the sane as th n.the f

se | Lrst
enmbodi mentis efitaeged biytaroapiest ensoandintigdvced te dhg gﬂ@ﬁ’%@}?erﬁor lerMIdée a
conbination with a linear encoder that directly detec e of the
wor k st agdibers emit lasesliglddmying 6ﬁ1wqftﬁw§m%9¥§§%wd§ﬂw¥‘f ;Egéﬁlof wor k
stage drive mechani sm 25 is often achje . jpear drive nmechanism
usi ng t he FOHhHe HYample 1§ te use dhe RBPB'P?F" ¥ﬁgrﬁ?és'@%4§’ls?@% the |inear encoder is
often provided t ol Sik | 6888s0 00 plidl a pul se
for every mvenﬁtgng{‘]}aft?’r{(gghgﬁq%?Eﬁﬂgggﬁ‘%&ﬁwuﬁﬁhﬁ?s?anc% (flgﬁ)mrIti exanple 1
Vim of t ihg all hbb @S eflelgycddnisityis irmidérs arhe pul ses and
outputs th S%ﬁtazé nﬁﬁ%‘é?%@&{'ﬁggcontrgl | er 30. t he other hand, the
wor k- st ageyfRdiiéal 1@ 8 ividh 28f e@velmirashidev ethebgylimdneabians Id istiat converts
the rotati onal notion of a servonptor into a linear notion. In this case,
the posi t itemstehsingohe Slogsssentionenfdble tgsea light Hey becuBPIENRAUTIRRYA!s t he
amount of rotation of the servonotor. The rotary encoder al so outputs a
pul se for systEny 18dnte & dnear crosasegHPnalsaAPe- of the servonotor. The position
detector 31 counts the pulses and outpuyts the counted n [
control | er 30. ﬁ@eanﬂg/% Bigs Pt thenlaget @gt}{tzrror@ih? Eompﬁggg%&'g%péﬁ?ergnd
t herefore another we|l known positi tector, i I-Si edTed a
conbi nati de Wﬁﬁcﬂfﬁglﬁfi%%%srs P&d%f?‘?ﬁ?g?‘ eea}'rﬁtpé?@vgescrﬁ‘@%@ﬂrmghgégé e The
controller_30 det 1 e_dj 4 REhekdy vaeel y) the
current p&&a{‘? BHOfgé?%ﬁ%%ﬁb%@ g{az’g%e&ﬁ%@g’s@ tlbrqgts\#e)édgjosa%t ed ngjrfrber fromthe

position gﬁ{eﬁﬁﬁﬁcéés-ée@ti?ﬂgk ;Héjl'&seﬁhélﬂqs'%t}sbh%dcomér@! trer b&dmipzofiledan as

anot her ¢ I "Separa romthe controller for synchronously

control | I Rgadehgidpr kB§tlﬁq¢e_1 Bl yfinBREAIaBhS 15 25 isaposdible toassastoraether i ve
mechani sm 26, these controllers may be inplenented by a single controller.
In this endsliigbihaviag 4 trapszoidavbeamhefileiarsta cirtbdar pss-seqtieBdMohe mask
i magi ng process is used, the nmask stage and the work sta 17 ve by the
sane di st dasze light having plingararpssrseationsal chane ShPu *B)ng-szq@:)l THS ' deseri bed
before. When the ratio of the mask size t

12) is, feylirdrigaliens »5inclydrs W@@ﬁ%ﬁﬁseﬁyﬂﬁag‘?ﬂg’r&g%%%‘i&gi”ﬁ‘q?mé W#ﬁés b? ﬁred
Synahr onod the EeerHEMHBR BB HES DRERTROBY SHEL AT eRr Sk Tyt s s
board 12 ByRaEd Rt hga SR Ehghtel e BYEUIGHH 8T heRinedt efoss.rcul |
sectional shape. Such a cylindrical lens 15 can form laser light having the
linear cross-sectional shape with a width of 1/10 mm to several millimeters and

a length of several centimeters.




26 March 2004 15 Wth the novenent of the work stage 17, a pul se is output
fromthe |linear encoder or rotary encoder for every predeterm ned distance
(for exanple, every 1 wm) and is counted up in the position detector 31.
For exanple, if the drill to the printed circuit board 12 i3sskmFdH Eybgout at
a pitch of 1 nm the controller 30 outpyts the oscillation trigger signal
to the laser oscillator 10 when the counted nunber becones equal to 1,000
(1,000 wn. In addition, before the drilling operation, the pitch of the
holes is prelim \ i i I " the
paraneter-setti ngﬁ%‘nells%érg%em%ﬁgslﬁrﬂﬁk)é g?ﬁ%«?‘e?gog%gﬁﬁ%g}}sgéggg{&?he stepw se

operati on, %;fvﬁﬂﬁbé(|1ieﬁ§Q5%@ﬁ§ibhpn THagls, MY RFaciatich B ectiresheddser Kgance

(corresponding to the pitc and then stops, but noves at a constant rate.
Wien a porfagfg it el drbsedettiondishapentedntited diom teacdintRicabRrisds a
predeterm ned position, the position is irradiated with the |aser |ight.
Since the jgpggedti on of the laser drill apparatus is the sane as that in the
first enbodi ment, the description thereof will be omtted. Referring to
Fig. 1 a; a fourfig. 2 atiomsthedarosheepticnat shapewé the bneany shaprd isser
described. This enbodinent differs fromthe third enbodi nent insﬁ;he

fol | owi ng lfght.nt The isizet initbe dongitudinaldirectien of the laser bahidp&ehis bR ehthe

| aser oscillator 10 is controll ed based on the displ agcenent _or 328)Si tion of

the mask largerdhen dhesize intae widik direcha) &f thg maskoHsehawn iFig-i
h i ith t t th i nted ci i .12.. Th
o e Ty T TR sk i aa heedps el ianBRIey BenY Lo, Widf PRité 2, 1
illat 10 b i i f ; i b t 35
when t he.BReS 8 BafRal R 14 paERE Br s Rl 120 ThigRTgK SnaR BBy L 0 1o
starts on iﬁaﬁaetrhaﬂhg{»et%r@@g' ihed aﬁwm Rk &'rﬁ_ﬁlﬁ* hahs €8 heahBed | aser

| i ght. Thi s neans r oscillator 10 oscrllates in synchronism
with the nRvYaABEHh & shdven MFlg. BlbX Mais foigaes the prddessinggsatternifor t hi s
enbodi ment, the position detector 35 for detecting the displacenment of the
mask st ageadrihg@estsdingrtodhisesarnbodintére cane sdlecteddodn vEsiodisit@nément or
position of the mask 11 and the controller 30 for controlling the.

osci |l ati on operfn iroagiog lems16 istar determinimggthemojpstien ratic {sral@rain) & enent
det ect ed,bg the position detector 35 are provi ggd. Aht hough t.het. .

conf i gur atthemasirertartathe RentchercutRerraHe. pddgt T SROWSERIUECIAN B8 ( he
sanme as thqgse, in_the third e di men t.he posi tiQn y be the
sane as t 1bbsi@ﬂ&ﬁe@éfﬂ%"§fﬁgﬁ? pNQiFH §rew ‘g)argn@]'éiq%(g%’eﬁéeg%gﬁgeen t he
third enbaodi mrent, and. .t he, fourfk [ t st : heCL mhBdi
synchroni’ %Eﬁ%‘gabd‘éeémgaﬁ gﬁig)gg%tqﬁjglqaas*é% ogﬁéﬁl#'g@ggmﬂ% %rgb? lénev\!;c])trk
stage 17 i ' | RARToVIRg Ehe

proj ecti oﬁé Fé [l%g%glsi@qﬁa?ﬁ%é@%gg?ﬁﬁh@nﬂgﬁggﬁﬁ%ﬁd t he W%rk stage 17
nove bY_t%aﬁﬁﬁd%é%ﬂ@ﬁagbrﬂﬁhﬁé sprtrohodsly aidvabnd, tTiee wask skigeeil o the
processing region 12-1 of Z:1, the mask stage noves by two tinmes the noved
di stance @fanttemanel is tieg¥-ads aaddhe i-sxis it ¢he satmedidreonsd piane by

enbodi nent carries out of the output of the oscillation trigger signal to
the | aser vomkistage drive endahacisns 2Ger & this eptbadireeab dve Mask staEe 3P ect i on
ratio. Since the operation of the |aser, drilltaa;'?garatus is the sane as that
in the thimevashivdbereaks hna marsicsipge dsive tResRAHTSWI4Y: be onitted. fn both

the third enbodigent and the fourth diment, alth th
osci | 't or 10 ofMaBSI it (heciK BABAT TR ST AT MEBEF si gnal

02 Tt bl Wl SR el R SR A B L L,
delay 1 BPWELCTERRbel pemales RSt alienasaitd ad on frequency

a const antsaﬁag,%n%s&#ﬁ?\ggq iﬁgtﬁﬁedrﬁbdshb%ir@@ﬁﬁms bend higskdabay deive 1

m cr osecond causes of 0.15 wnfromthe target position of
the | aser phidHinisrhi@sexsd ihel WEMestage PivEMedtNidre G sessantively. m sal i gnnent
is negligibly small. If the msalignment is not negligible, the
above- mengperfidany, thé ingivkent passesibramgiptessasiibroyf thedaseénlighdf an of fset to
t he processi ng paraneter set by the _ o

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



26 March 2004 17 paraneter-setting unit 32. In addition, the processing
paraneter set by the paraneter-setting unit 32 is not limted by the pitch
of the holes, the positions of the holes, in other words, coordinate data
on the two-di nensional plane based on the X and Y axes nmay femMafih 2004 1S
preferable that the pitch of the holes W a constant. This is because the
oscillation frequency of the |laser oscitliator 10 is a constant if the pitch
of the holes is a constant, as a result, a variation in the |aser output

intensity | é“ﬂlﬁi‘ ; lrﬂfd RALFABE 125G 0igHE ABVInG thbdinparesent

i nvention @re%%%?ﬁ(g@élﬁrit éﬂgptdc o'fégt{%@ crE\Fol es is Trggt a cgnst ant. A
plurality &Bsg@é@ﬁoﬂar rsﬁgbé.t | PRiOPRRAS RAIhBUSEeighp Balinge linkanciase-
printed circuit oaré 12" 1s conmposed of a certain material. In such a case,

the scanniggigRsr sHdpRsddmingy seursmeRterive fice ofthe hasknid. t idepasert ed
circuit board 12 may be repéated by a plurality of shots. In both the third

and f our t higBbagsiAg Mhdughlthe M@y inineenadl pdtsar obibe rask A& byssishd

enbodi rrient may be used instead of the honpgeneous optical system 13 and
the cyl i ndiaeaing reashas the priatidi ¢irauit, bosrdr 2 theowghy theomagieg iw8.1 i s
smal l er than the size of the processing region 12-1ogf the printed circuit

board 12, Sihee timaveorenitsf the masked ard haimeayementio the printed eyt 17 ¢

i d that the size Li of th 11 in th nj i ion i
cqual Lo esrd dzaBEvBEntanzes wibEAcR I BG TS ORPPStE Sibsidat, el O | °
direction., It is_al d that ' 3. of gt h

ber pend clois 4PiRRd P Baskoatitn of die HE A ¥ shtfngBEl fimed it %0 e

processing, reagion, 12-1 in per pendi cul ar direction to the scanning
directionth H%QfFé’nC'éc%fa%%?"tdgﬁer the half of the drilling for the

processing regi 9B 11 casé Bf&w‘ﬁﬂo?éaﬁm i o‘?lr1C:>F9§§h@ﬁ}n_égBigC1@n536;LtH§ moved by

a predeterm ned ance in the perpendicular direction to the scanning
di rection raagng e 6fhﬁegy'aj‘rﬂe|rri1éw1ds%rﬁglﬁirdnﬁdwe)pltimebmittcblitsbmdez is ffee scanni ng
di rection durihg 18 26 March 2004 processing in Fig. 11 (d) is opposite
to the scaapagsthe aeiviranrate ofitige mask(t). . |otkeuwers, thrermoving:@tesl es have
the sanme drill pattern. Referring to Fi g?_l 12, a fifth enbodi nent, of the
present i ikepatterned lasentighttie thie samemrsithetstanning cie ed e [aser ghldeine at i on

f th hi rd enbodi dth k 11' is fixed, .A di nagl Kk

O e Mo eeoL e, 800, 1 Tk Ll bl SR B 5. 5%
i ngl e- hol tt . h in Fg. .13 I i 1 i1 th
L B € RS B SR R sl S0 LR g
05T 1121 o, | B SUASLY QBLEMAMILDLIS HBY IR0 86rd 8 HirBb e g L board 12

(work sta position detector the controller

30, and t I -sett| ni rfeHis fRoldase mdekd i n
the thi rd%ﬁﬁ@'&gﬁﬁef" ?%eﬁ’g‘ggélr‘li piﬁhgﬁcﬁ@}'ggg”i S o%@?stl’tég.g OWth the

novenent %ﬁan%éc‘)‘grg}rf@ﬁc%&raﬁ% %aﬁd‘@leﬂ%ﬁ(@sthgeWF&/Qtﬂheéhmmf% ini near encoder

or rotary e r every predeterm ned di stance (for exanple, every 1

wr) and i gopeidetfbruer suth Aeiffepshteé onthdenevingraBds. For exanple; in the
drill of the printed circuit board 12 at a pitch of 1 nm the controller 30

out puts the oscilhsatrieocades, ggsired dghanay ot be compiated byia siagle PUBEdhen t he
count ed nunber becones equal to 1,000 (1,000 pm. In additio tlhﬁ pitch of
the hol es lasereneissionraiep dyeitaioe thiskness oftheesued CirehRead 12-nr'809% e

parameter-setting unit 32. The work st 17.does. npt r the stepw se
oper at i on CeRat fofe¥ampie, Whep 3’6@?éhﬁf%gﬁ&a%gmﬁ'gﬁﬁaﬁ%%%ﬁﬁéﬁ’ stops, but
Cirout bomdats Fammued proutiin Red  ruRfs SR FI8.3EFgaryy'
irradiated wi,th the S [ - ; ' i zo 'igi S
st er ¢ mabenaileRdtt ey Ofis g REze BTy El In bt By M LIabE e o
circuit b el i |y Boshetshofpuisest fn Fig,
13, it i s%gégepﬁl)%gdé#ﬁéﬁgfggé \III']\P%( iﬁﬁgﬁﬁ?%ﬁtﬁ(@ﬁfaﬁ‘tﬁﬁzﬁ n%sgsll's i gme?uailjl to ag
hai | of thaaMidhingliRg the Anlér érdesReefienalshapeegimthid 2ade, it is preferable

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

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



19 26 March 2004 In such a case, after the half of the drilling for the
processing region 12-1 is conpleted, the processing region 12-1 is noved by
a predeterm ned distance in a direction perpendicular to the scanning
direction and then the drilling is carried out. In this casggmMabeh ZspaNni ng
direction during processing in Fig. 13(?& is opposite to the scanning
direction in Fig. 13(c). O course, thé¥ormed hol es have the sanme dril
pattern. In this enbodi nent, the honogeni zer 20 described in the second
enbodi nment naé Qg uFed i nstead of the honogeneous optical system 13 and the
cyl i ndri cA€SCRRRI PEIOWSy the way, a di sadvantage of the fixed mask 11' is
that the forned hol el lipt | Lch ; } i i ng in
t he scanni ng diﬂgg%¥%ﬁ51&t&@ggyfgﬁbﬁggﬁﬁgygggﬁﬂégﬁ?gggﬁk%gﬁ?ﬁﬁ%%%?qﬁ%ving a

smal | pul $¢ ik diflve!detaflrd AL felitn 38Hel CAdYSC thdiRfh G¥FERiRg ohithés.

supposed t foving ra work stage 17 is 150 nm sec, and i

the | aser 9@-@5{;5@[&{0 mﬁbﬂﬁ.{a@gﬁueﬁ% . dt|R RichG ga@,ﬂT%&eEmdis d squaner k

stage 17 es only 0.0 ng the oscillation. this event, if the

di amet er @fed RAVIAGl £side FT&eVeral dehtintiteisan@n theOdthenhiandnedll agedrding tand t he
shape of the holeS can be regarded as a circle., In every enbodi nent, the

| aser osciik@ngiodifhedrs érafly eerfotreddiyr eadPOprdcassingaegidr efttbe, a YAG and
YLF | aser oscillators, the second harnonic (2w), the third harnonic (3w,
and t he f ourltiplelaimec crcithparcht? éndlyudingd ploralincphdelimied precassindat or. The
wor kpi ece for drilling is not limted to a resinous |ayer, such as a printed
circuit beegianand- s swwn imfig: idal AlthenohPne REFaRsiBarRIRNNIZildS which i s
used as an jnsulating material in electronic .corrgo.nent S f@é ﬁxﬁlqﬁl e,
capaci t or §rikedibyitae abpwye pperatign. the Next KECERMPFHPAONGAY IOLRSAIM %y ent i on
can be appljed.to a cont.act. mask e of drill]] i i : ; ing a
pr edet er mBﬁ eﬁ%% Pr'Pge$ﬂr%%?%P W{%HT@H% .mlkéﬂptﬂgcﬂgﬂgé\@,hﬁgﬁ gﬂ%?:&r@gg
circuit b : i i i i } ai 26 March
Bgél% 1%(1';5 %ﬁgﬁg‘iﬁﬁtﬂr i ﬁt\km étﬁ? 19%0} f#ftSndsd r;{?gbeééﬁﬁjg reqiéf.

2004 Accordrng _ rnventron, as desc d above, many hol es can
be for medNaiddly affer$RE drillinig Br SUTBRIcRdsWgtragRnk1Bwin kise Fintld titculippar at us

usi ng a gal vanoscanner. Furthernore, in the mask pattern of the novable

mask usedbbard N2 idEespkted thenwokstage NTentves ihermnd precessitg eegidutal ity of
hol es can be appropriately determned, it is realized the drilling having

the flexi higasition Wghtdretthwdhe imagiagdens 1 6apficaurss, ithe wask stagei17@ndi ft h
enbodi nents, holes can be forned exactly at positions to be drilled and the
wor kst agthedwask idtaradvderansieitlydriven. noves continuously; thus, this
ARSI L LT RTEA T A NG R IR R SR
such as. ceraaindriei ropItaP Sh e AT deft 5k be P RSy el BRiePhh”
corponent g, |In%k%%in@’thgaa%%%tr%%ﬁgﬂt, RIHEASGR ARk TASerd RMRAGS10 emits

continuous laser light or pulsed laser light. Tﬁis is realized by that the

oscillation of the laser oscitlator 10 is suspended during the movement.

Another countermeasure is to provide means for bypassing the laser light to an

optical pass upstream of the cylindrical lens 15.  Such bypass means is

achieved by rotating the reflective mirror 14.  Namely, the reflective mirror 14 is

rotated during the movement so that the laser light travels toward a position

deviating from the cylindrical lens 15. in this case, it is preferable that a target

is disposed at a position of the propagating laser light when the reflective mirror

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

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




z1 CLAIMS 26 March 2004 1. A laser drilling method for carrying out the
.drilling by irradiating a workpiece with laser light froma | aser
oscillator through a mask having a predeterm ned nask pattern, wherein said
| aser light is transfornmed into laser |ight having a |inear2&Massh 2608 i on,
an irradiation position of said |inear faser light is fixed, and said mask
and sai d workpi ece are synchronously noved so that said nmask passes through
an irradiation position of said |laser light while the noving direction

t her eof i smematienpeneskiigul ar to the extendi ng direction of said Iinear

| aser light so that said mask i s scanned by said Ilnear | aser 8 t he
drilling definedThg deatrhpticmsel hetnevingtrate ebipeatigjneds a&eéd'gahﬁn e ai d

wor kpi ece. 2. The laser drilling nethod accordin claim wherei n,
arrangi ng %ﬂbﬁ&%@ﬂh@%@'ﬁ'oﬂét%g’ﬁ wi@dﬁagsmﬁgﬁo\m%@% befe
projection ratio of said nmask pattern to said workpi ece can be set. 3. The
| aser dri Ih’?ﬁb’ nmet hod according to either claiml1l or 2, wherein the

o T o BT o A ﬂ@@@%&?wﬂﬁn%m%ncvgudame
v 1 SRR o LR AR s, o
e R TR 1

homogenizer 20 is arranged between the laser osciliator 10 and the reflective

mirror 14. The other configurations are quite the same as those in the

embodiment shown in Fig. 1.  The homogenizer 20 has functions both the

homogeneous optical system 13 and the cylindrical lens 15 and wili be

described in brief with reference to Figs. 6 to 8, though it is known.

The homogenizer 20, for example, includes two array lens sets 21 and

22 and a lens system 23 having four focusing lenses. As shown in Fig. 6, the

array lens set 21 includes array lenses 21A and 21B opposing at a distance so

that the concave faces oppose each other, each being an integration of a

plurality of cylindrical lenses arranged parallel to each other. Similarly, as

shown.in Fig. 7, the array lens set 22 includes array lenses 22A and 22B

opposing at a distance so that the concave faces oppose each other, each

being an integration of a plurality of cylindrical lenses arranged parailel to each

other. Fig. 7 shows a state when the state shown in Fig. 6 is rotated by 90

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

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

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

the array lens set 22.

At any rate, by the two array lens sets 21 and 22 and the lens system

23 including the four focusing lenses mentioned above, the homogenizer 20 has

the function for homogenizing the cross-sectional energy density distribution




said mask arranged at a predeterm ned position is irradiated with said

| inear |laser light, and 22 26 March 2004 said workpiece is noved in the
per pendi cul ar direction to the extending direction of said |inear |aser
light, so that said workpiece is scanned by said |aser |ighpépassh 20p4

t hrough said mask, the drilling defined by said mask pattern thereby being
carried out to said workpiece. 5. The der drilling nmethod according to
claim4, wherein, by arranging an i magi ng | ens between said nask and said

<0 = BT R P BT RS o) oshunge cor

be set. 6. ril accor either claim4 or 5,

wher ei n tQﬁpqhaﬁégﬁqgi@?hgg@igﬁﬁqu\égy Ems%gseedtiﬁpggglﬁé’]ﬁ@.d’ and the oscillation

operation or sai ator 1s control accordance with the

det ect ed di spl aggaRaine dperBiibATF dfilihb iid AitaBRABAMSd Diat hRimairey out the
drilling by irradiating a workpiece with |laser light froma | aser

osci | | at olerfbyI@ht, anERBSchpYbMeherebf Rilidebmiitiedl mask pattern, said
apparatus conprising: an optical systemfor transformng said |aser |ight

into |aser |ightRéeferireotoaFigi Bearthied esmosirnenbof tharptesentrinventitwdhbiem f or

synchronously noving said mask and said workpiece; an irradiation position

of said | ideseribéaseFhisieghbodimentshffats don th fies) ereadiment in the following
points. In the first embodiment, the oscillation operation of the laser oscillator
10 is continuous. In contrast, in the third embodiment, the oscillation operation
of the laser oscillator 10 is controlled based on the displacement or position of
the printed circuit board 12. Concretely, the printed circuit board 12 is moved
at a constant rate. A controller 30 outputs an oscillation trigger signal to the
laser oscillator 10 in response to the detected signal from a position detector 31
when the printed circuit board 12 reaches a predetérmined position. The laser
oscillator 10 starts on reception of the oscillation trigger signal and emits the
laser light. This means that the laser oscillator 10 oscillates in synchronism
with the movement of the prihted circuit board 12 (work stage 17).

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

with a linear encoder that directly detects the movement of the work stage 17.
This is because of the following reason. Such a type of work stage drive
mechanism 25 is often achieved by a linear drive mechanism using the principle

of a linear motor. In this case, the linear encoder is often provided to control

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




being fixed, said drive nmechani sm noves said nmask and sai d workpi ece so
~that said mask passes through an irradiation position of said |laser |ight,
the noving direction thereof being made perpendicular to the extending
direction of said linear |aser light so that said mask is sgam¥esh 2ooasai d
linear laser light, the drilling defined by said mask pattern thereby being
carried out to said workpiece. 8. The | 3&er drilling apparatus according to
claim7, wherein an inmaging lens is arranged between said nask and said

can be set By aES RGP Perbi? i et SR, F55 B8 prBRALEeBb Tl hg
2Ppar at us. ACESIE e bR qeloBleine Qirted WiFfISL03E BoRfbligRdg Sy Stem i s

a honogeni zer. aser I ng appar at us accor to either claim?7

or 8. \Whereln sand P bt nahee WAk RIdgRadivh HRERERRALSS iy bea system

t hat honogeni zes the energy density t the cross-section of the |aser

l'i ght fromeaved B\pameaednisrltRat Gl ertsCthel ratitichal motion dfimsemvbaiaéror ms t he
cross-section of the laser light from said honbgeneous optical systeminto

a linear dhapelinddr mbtien] akethigicadd, ithg pagpivhadatectae Garisliaobiebeddrya one of
claims 7 to 10, further conprising a position detector for detecting the
di spl aceneotarpEnsader that kptente thenamauabat ratblien of the seymomoltdn nd hehe
oscillation operation of said |aser oscillator in accordance with the

di spl acenvataryéneedenalsy osdputs popilse dor enargdotationd fimrgnenil apgle odihe | i ng
apparatus according to any _one of clains 7 to 10, furtBer corrpéi sing a
posi ti on GENIPOIOrS of NAPOBHIONHEIEFET di GAuNTHsRUIsES 8aF PUiRLR 1BRd a

troll f trolli th Lkl ati ti f idl
coci | at oropRlesturhEh ks oot ealBF 3P acement  det act od by said positi on
detector. 13. A j RN b
1 adi ati ng a wal Eoranl eviOPSRRRHITILR hBfelf B Aebig and MRrEid ) Cign

mask havi agothd?VRElPkSEWh %Qmsﬁ%t@abaﬁg@gpﬁhet%@ﬁaﬁﬁ&ﬁﬂiﬁhhéhwa an

optical systemfor transform ng said ight into laser light having a

linear cr g5 finsat éridbdeddd tife ﬁﬁthgﬁerﬁ’ﬁﬁiﬁﬂiﬂ& Beouse@vi ng sai d workpi ece; said
mask arranged at a predeterm ned position being irradiated with said |inear
| aser |ight froffheagahtayiier 88ldessratines treadispticewe: nted tizerwonk stagesiSai d

wor kpi ece in the perpendicular direction to the extending direction of the

| i near | asemaly,dhe cogenhpositian @f e wprlesiages! s dasad @roipetgaunted apmbieght

passi ng through said nmask, " )
- from the position detector 31.  In addition, although the controller 30 is shown

- as another controller separated from the controller for synchronously controlling-
the work stage drive mechanism 25 and the mask stage drive mechanism 26,
these controllers may be implemented by a single controlier.

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

Thé mask 11 moves in the reverse direction in synchronous with the
movement of the printed circuit board 12.  This is because the mask pattern of
the mask 11 is inverted on the printed circuit board 12 by the imaging lens 186,

as described before.



24 26 March 2004 the drilling defined by said mask pattern thereby being
~carried out to said workpiece. 14. The laser drilling apparatus according
to claim13, wherein an imaging lens is arranged between said mask and said
wor kpi ece and the projection ratio of said mask pattern to s@maraMrdgal ece

can be set by said imaging |l ens. 15. The laser drilling apparatus according
to either claim13 or 14, wherein said %%tical systemis a honogeni zer. 16.
The laser drilling apparatus according to either claim 13 or 14, wherein
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to 16, furth Ing a position or detecting the

di spl acement of rRpigttaMpl& Rt BREd@NGD MeCHinted|cirenit board 92 1g ehfricdidoithe a
oscillation operation of said |aser oscillator in accordance with the
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irradiated with the laser light. |
Since the operation of the laser drill apparatus is the same as that in the
first embodiment, the description thereof will be omitted.
Referring to Fig. 10, a fourth embodiment of the present invention will
now be described. This embodiment differs from the third embodiment in the
following points.  In this embodiment, the oscillation operation of the laser
oscillator 10 is controlled based on the displacément or position of the mask 11.
Concretely, the mask 11 moves at a constant rate in synchronism with the
movement of the printed circuit board 12. The controller 30 outputs the
oscillation trigger signal to the laser oscillator 10 based on the detection signal
from a position detector 35 when the mask 11 reaches a predetermined position.
The laser oscillator 10 starts on reception of the oscillation trigger signal and
emits the laser light. This means that the laser oscillator 10 oscillates in
synchronism with the movement of the mask 11 (mask stage).

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

detecting the displacement of the mask stage as means for detecting the
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Namely, only one difference between the third embodiment and the
fourth embodiment is that the object in synchronism with the oscillation of the
laser oscillator 10 is the work stage 17 or the mask stage. As mentioned
before, in the case of a projection ratio (scale ratio) of 1 :1, the mask stage and
the work stage 17 move by the same distance. In the case of a ratio of the
mask size to the processing region 12-1 of 2:1, the mask stage moves by two
times the moved distance of the work stage. Accordingly, the controller 30 in
this embodiment carries out of the output of the osciilation trigger signal to the
laser oscillator 10 in consideration of the above-mentioned projection ratio.

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

in both the third embodiment and the fourth embodiment, although the
laser oscillator 10 oscillates upon reception of the oscillation trigger signal and
emits the laser light, there is a time delay from the reception of the oscillation
trigger signal to the oscillation. It is supposed that the time delay is 1
microsecond. It is also supposed that the oscillation frequency of the laser
oscillator 10 is 150 Hz, and that the work stage 17 moves at a constant rate of
150 mmy/sec. Inthis case, the time delay of 1 microsecond causes a
misalignment of 0.15 um from the target position of the laser light. However,
there is no problem because such a misalignment is negligibly small. If the

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

compensated by addition of an offset to the processing parameter set by the
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In addition, the processing parameter set by the parameter-setting unit
32 is not limited by the pitch of the holes, the positions of the holes, in other
words, coordinate data on the two-dimensional plane based on the X and Y
axes may be set.

itis preferable that the pitch of the holes is a constant. This is
because the oscillation frequency of the laser oscillator 10 is a constant if the
pitch of the holes is a constant, as a result, a variation in the laser output
intensity becomes small. However, the advantages according to the present
invention are kept even if the pitch of the holes is not a constant.

A plurality of laser irradiation operations must be performed when the -
printed circuit board 12 is composed of a certain material. - In such a case, the
scanning operation by the movement of the mask 11 and the printed circuit
board 12 may be repeated by a plurality of shots.

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

In addition, when the size of the mask 11 is smaller than the size of the
processing region 12-1 of the printed circuit board 12, the operation is
performed according to Fig. 11. In Fig. 11, it is supposed that the size L1 of the
mask 11 in the scanning direction is equal to the size L2 of the processing
region 12-1 in the scanning direction. It is also supposed that the size L3 of

| the mask 11 in the perpendicular direction to the scanning direction is 1/2 the
size L4 of the processing region 12-1 in the perpendicular direction to the
scanning direction. In such a case, after the half of the drilling for the
processing region 12-1 is completed, the processing region 12-1 is moved by a
predetermined distance in the perpendicular direction to the scanning direction

and then the drilling is carried out. In this case, the scanning direction during
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be described. This embodiment is a modification of the third embodiment and
the mask 11'is fixed. Accordingly, the mask stage drive mechanism is not
necessary. Forthe reason, the mask 11' has a single-row hole pattern as
shown in Fig. 13 which is different from the mask 11 described in the above
embodiments. The laser osciliator 10 is oscillated in synchronism with the
movement of the printed circuit board 12 {(work stage 17). The functions of the
position detector 31, the controller 30, and the parameter-setting unit 32 are the
same as those described in the third-embodiment, the description thereof is
omitted. |

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

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

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

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

region 12-1.
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out. In this case, the scanning direction during processing in Fig. 13(d) is
opposite to the scanning direction in Fig. 13(c). Of course, the formed holes
have the same drill pattern.
In this embodiment, the homogenizer 20 described in the second
embodiment may be used instead of the homogeneous optical system 13 and
the cylindrical lens 15.
By the way, a disadvantage of the fixed mask 11' is that the formed .
holes are elliptic which has the major axis extending in the scanning direction.
However, by using a pulse laser oscillator having a small pulse width, this
disadvantage is negligible. For example, it is supposed that the moving rate of
the work stage 17 is 150 mmy/sec, and if the laser oscillator having a pulse width
of 0.2 um is used, the work stage 17 moves only 0.03 um during the os;:ilfation.
In this event, if the diameter of the hole is 50 um, the distance 0.03 umis
negligible, and the shape of the holes can be regarded as a circle.
In every embodiment, the laser oscillator 10 can be implemented by a
CO, laser oscillator, a YAG and YLF laser oscillators, the second harmonic (20),
the third harmonic (3w), and the fourth harmonic (4w) thereof, and an excimer
laser oscillator. The workpiece for drilling is not limited to a resinous layer
such as a printed circuit board and may be a material such as a ceramic thin
plate, which is used as an insulating material in electronic components, for
example, capacitors and piezoelectric elements. Furthermore, the present
invention can be applied to a contact mask type of drilling in which a mask

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

circuit board.  In this case, the imaging lens is omitted.
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can be appropriately determined, itis realized the drilling having the flexibility.
According to the drill apparatus in the third to fifth embodiments, holes
can be formed exactly at positions to be drilled and the work stage does not

move stepwise but moves continuously; thus, this apparatus has high

productivity.

Industrial Applicability
As described above, the laser drill method and apparatus according to

the present invention is suitable for drill of printed circuit boards and materials
such as ceramic thin plates used as insulating materials in electronic

components, for example, capacitors and piezoelectric elements.
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CLAIMS
1. Alaser drilling method for carrying out the drilling by irradiating a
workpiece with laser light from a laser oscillator through a mask having a
predetermined mask pattern,

wherein said laser light is transformed into laser light having a linear
cross-section,

an irradiation position of said linear laser light is fixed, and

said mask and said workpiece are synchronously moved so that said
mask passes through an irradiation position of said laser light while the moving
direction thereof is made perpendicular to the extending direction of said linear
laser light so that said mask is scanned by said linear laser light, the drilling |
defined by said mask pattern thereby being carried out to said workpiece.

2. The laser drilling method according to claim 1, wherein, by
arranging an imaging lens between said mask and said workpiece, the
projection ratio of said mask pattern to said workpiece can be set.

3. The laser drilling method according to either claim 1 or 2, wherein
the displacement of said mask or said workpiece is detected, and the oscillation
operation of said laser oscillator is controlled in accordance with the detected
displacement.

4. Alaser drilling method for carrying out the drilling by irradiating a
workpiece with laser light from a laser oscillator through a mask having a
predetermined mask pattern,

wherein said laser light is transformed into laser light having a linear

cross-section,

said mask arranged at a predetermined position is irradiated with said

linear laser light, and
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said workpiece is moved in the perpendicular direction to the extending
direction of said linear laser light, so that said workpiece is scanned by said
laser light passing through said mask, the drilling defined by said mask pattern
thereby being carried out to said workpiece.
5. The laser drilling method according to claim 4, wherein, by
arranging an imaging lens between said mask and said workpiece, the
projection ratio of said mask pattern to said workpiece can be set.
6. The laser driling method according to either claim 4 or 5, wherein
the displacemént of said workpiece is detected, and the oscillation operation of
said laser oscillator is controlled in accordance with the detected displacement.
7. A laser drilling apparatus for carrying out the drilling by irradiating a
workpiece with laser light from a laser oscillator through a mask having a
predetermined mask pattern, said apparatus comprising:
an optical system for transforming said laser light into laser light having
a linear cross-section; and

a drive mechanism for synchronously moving said mask and said

workpiece;

an irradiation position of said linear laser light from said optical system ‘
being fixed,

said drive mechanism moves said mask and said workpiece so that
said mask passes through an irradiation position of said laser light, the moving
direction thereof being made perpendicular to the extending direction of said
linear laser light so that said mask is scanned by said linear laser light, the
drilling defined by said mask pattern thereby being carried out to said workpiece.

8. The laser drilling apparatus according to claim 7, wherein an
imaging lens is arranged between said mask and said workpiece and the

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

imaging lens.
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wherein said optical System comprises a homogeneous optical system that

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

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

. detector.

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

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

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

a drive mechanism for moving said workpiece;

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

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

workpiece is scanned by the laser light passing through said mask,
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the drilling defined by said mask pattern thereby being carried out to said
warkpiece.

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

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

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

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

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




