; WKe3eHE<(d(67T/5 1 DESCRI PTI ON 13 May 2004 LASER PROCESSI NG APPARATUS,
MASK FOR LASER PROCESSI NG AND METHOD FOR MAKI NG THE MASK Technical Field
The present invention relates to a | aser processing apparatus for carrying
out processing defined by a predeterm ned processing pattern to a work by
irradiating the work with a | aser beaq1 froma |l aser oscill aﬁ)gma&%bﬁ)ugh a
mask having the predeterm ned pattern, to a nmask for | aser cessing, and
to a method for meking the mask. Background Art Laser drilling apparatuses
for carrying out drilling to a resin layer of printed circuit boards by a
| aser beam are provided. Novvadays,DEI%BrPHQN | i ng apparatuses for
collectively making a plurality of holes also are provided. Referring to
Fig. 1, an exanple thereof will be described. A pulsed | aser beamfrom a

that ¢ e bRorg) PREREESRIRAPPATTToH MASKCFORCLESER PRACESNG Doam °°
cyet am 22710 P e P EORABKING THE AR et ve m rror 23 and 15 i nei dent

on a conversion optical system 24. The | aser beamincident on the
conversion optical system 24 has a circular or rectangul ar cross-sectional
shape. The.QMv4EE@N optical system 24 converts the circular or
rectangul ar crosssectional shape into a linear |aser beam having a

predet er m ned Wrgé pré¥aittnléiidnitelated mlé,laéé??r@@éss%*i@bﬁﬁa@ms forl system 24
includes a cylindrical |ens system24-1 for defining the wdth Wand a

cyl i ndri cearrying®u? précdssingledfimddigy hipgetetegningd. provessiag pattesr o @n opti cal
system 24 is well known, the width W 2 13 May 2004 being in the range of
0.1 nm t owssyby itadiatirgthe werk withtehiabert bepratitum aslaser asciliaiasthofough a A mask
stage 25 is arranged right bel ow the conversion optical system 24 to drive
a mask 26maskdiavingdhg predetesmingd paternmies R Mask 198 1ases AroerRs$iNG @OF 0has many
hol es for def'niq a processing pattern for a resin layer of a work 27. An
i magi ng |%ﬂ¥ﬁb9§t&wm§'n9§ &r'M@PGed between the mask stage 25 and the work
.27. - The imaging | ens system 28 defines the reduction ratio-of the : :
processing pattern of the mask 26 projected onto the work 27. Herein, the
reducti on .01 .-1. The work 27 is |oaded on a work stage 29 that is
novabl e a?éﬂgggyhﬁﬁ&Ehe inverse direction relative to that of the novenent

of the mask Stagé‘se?r%rillwoq’ﬁﬁg%rﬁﬁxs%%%r eéﬂrﬁhch;@u&aﬁgigagmgtd resRilalerel ar, the

mask stage 25 and the age 29 are control h a controller, which
i's not shewytedtiichr bdaead Bgalé@aﬂﬂf@émfdﬂé%@om& sMowagapouaser-drfirgg 2 shows
the relationship between the mask 26 and the cross sectional shape (shown
by hat chi agparatuseslfonealiedtiaelyrmbkiaga plurality bhaoles\atsd ark provided. conver si on
optical system 24. The nask 26 has a processing pattern including a

pl ur al i t yReferting ¢ Fizs-11 antexaraple theteshwitibedeserittrsin o pulsgd|lasenbegma gi ven
itch Pwthr ect to the direction of he novenent: - shown by an row. In
bhe 11 neafoMa E0:1aas O3eilatar ai i Meident PgePOTREANERNS GPLaL SKSERt 22he  hol es

L Tk B 5 O S B A B
pasei ng. (1 BRERAaNT noMmEBSRt BealTGhefbiRa oM ble ufthoR@ eus SBaF cath e
wor k- 27 té;{s?é\'ﬂﬁé @erferlggt‘ég('}ﬁ@tvh%d a PefiERive MRirdR 2k aﬁfﬁe@‘?naéeﬁ% she work

stage 29 e contro nat these nove synchronously in the opposite
di r ect i ongorflePsion lopBicarsRtani A, dfHeRkbPPeamahéident 6n GNEbivepsishy forned in
the work 27 for every row of the processing

optical system 24 has a circular or rectangular cross-sectional shape. The

conversion optical system 24 converts the circular or rectangular cross-
sectional shape into a linear laser beam having a predetermined width W and
length L. Thus, the conversion optical system 24 includes a cylindrical lens
system 24-1 for defining the width W and a cylindrical lens 24-2 for defining the

length L. Such a conversion optical system 24 is well known, the width W



3 13 May 2004 pattern of the mask 26 in sequence. O course, the pul se
frequency of the | aser beamfromthe C02 | aser oscillator 21 is set so as
to be synchronized with the novenent corresponding to one pitch of the mask
stage 25. For exanple, the holes 26-1 in the sane row are irradiated with
the | aser beam at | east one tine or t times, if necessaryys gﬁzgg&{ ng on
the energy intensity of the | aser bea This neans that the sa region in
the work 27 is irradiated with the |aser beamat |east one tinme or two
times if (VA r i i kf4ladi at ed
with the ﬁﬁ@g&ﬁ]ﬂ@?ﬁ@hﬁﬁgﬁ%gg‘gﬁ%ﬁp e?n?ﬁggﬁﬂlget? btggg"né et i e
the nmaskistfgemds and the work stage 29 are novable. Alternatively, for the
sanme di aneter, distance, and pitch of the holes formed in the work and for
a pul se width of maRR skafers heamanged H?hpb@lew thk ovnversietoptical sgsteshown i n
Fig. 3, a mask 26' having a row of holes 26- 1' is used. Iin this case, it
i's not neqasshive 4 madkieeintdre adakdisddiga. dThengaslag6r as desctibed belowl n ot her
words, the linear |aser beamfromthe conversion optical system?24 is
i nci dent has raey halek fa6definihg atprosesdingpatteinded a nesir leyer o work@7wor k
stage 29 noves in the direction of an arrowin Fig. 3. A ternatively) the
nmask 26 Aeyimaging jens systane 28he amangegbatwepp theimaskstage RSand hear | aser
beam that is scanned on the mask 26 in one axial directjon t%ea

ffed bet ween the

gal vano- @i R&r . Therimeaging leassystama 2§41a/iars 1o sedugtiondaie 8§
i tical t 24 he . 26..1n thi . af th
ol G PIRFRRIGRATAR of RERIEK 28 Moidiae Bl Wk 27, e dhB S equent

processing,region.to a.,scanning regi on by the gal vano-scanner. |In any case,

t he di arré%d&c‘%@f‘ r?H%'Sng'ﬂes formed by the above-mentioned drilling is in the

range of about 30 g 39 TodBec S TR 1336 20Rat SHGIAARAE RidsPirtihet e
stem is 171 r

i magi ng | ens sy the di anet of the holes 26-1 fornmed in the

mask 26 in%e?éé&irécf‘iiotnh%ldtﬁa% 19At GAhk AR IndntBf thEenaBkstag 255 aeiger al | y

formed of a netallic material and the hol es have an aspect ratio (ratio of

t he di angieesarhe dxi ditepiidn.of Intgeetibwhe themashmiagd 25 \dnerthetveordistag er of the
hol es 4 13 May 2004 26-1 is 50 Vim the thickness of the nmask 26 is al so
50 Vim Zdersaoptrolidcwitomstdniraiep whish isonetrehovesia the' drawingn spriihai g. 3.
However, in the mask having the above-nentioned thickness, an increased
densi ty lesemaoy@bwictrenausiyipai rs heat di ssi pation during |aser beam

irradiation, resulting in the thermal defornmation the mask 26. The
def or mat i on of Figne sha¥e the re@@&a§h5ﬁ@%ﬁﬁfﬂé’?%m?ék@g?% <P8Fons and t he

or esent SRR PR g ol P Inch e B faseE PR, IR KRR oo ot
obj cct o TReRFRRITObAGLRYEiSRP2e” | TR FhaK e s g B s

Still aﬁHHﬂﬁfn&ng Rkl fo%B?esﬁégﬁetHEt LRVARARGEY hbrahnBoRT GViedalatly aser

processi ng apparatus using the mask. Di sclosure of Invention mask for

| aser prgiees pitbly FAgRQ Fekptdt ttHd@irgativhestithe Rverementt shasvrebypar cetosv. m ned
processing pattern. The mask conprises a mask nmenber having the processing
patt er n lartte dingpr laserbeamatireawidth &V is lsrgen tbhdbe didraster of thghholaa@bsubst r at e
menbers for holding the mask nenber on both faces thereof and conprised of
a mat er i hand e langinris targenbhandberrangg ef thetprecasyng PREBM Hribe Widder | ght
is, for exanple, infrared |light, the mask nenber conprises one of Au, Cu,
Ni, and deacipniaithe B1#$Er26.and the substrate nembers conprise one of Ge,

venti on’ car Aok o BoBETAGR ABTAKeE B oS Jretete hferiba sBessi ng
Dot 11 nthd: £ plPhlhy Y 1k Bdah LB pbRENK s hrdugrPiRindiEeBbI g | aser
in one row of the mask 26 reach the work 27 through the imaging lens 28.
Since the mask stage 25 and the work stage 29 are controlled so that these
move synchronously in the opposite directions along the same axial direction,

holes are continuously formed in the work 27 for every row of the processing




havi ng the predeterm ned pattern. The mask al so conprises a mask nenber 5
13 May 2004 having the processing pattern and conprised of a material that
reflects laser light and substrate nenbers for hol ding the mask nenber on
both faces thereof and conprised of a material that transmts the | aser

| ight. The above-nentioned | aser oscil]ator is a C02 | aser R§ﬂ5¥bg@@r, t he
mask nmenber conprises one of Au, Cu, N , and beryl|lium copper, and the
substrate nenbers conprise one of Ge, ZnS, and ZnSe. According to the

present LakeR! bOfle AaP B0 sEa1c I N9t GouBakE0iL LEFeEUBRepBP TG havi ng

pr edet er I'hg pa rn1s furt provi ded. The n®thod conpri ses

a first &.fs%Pb%Bp{ ﬁgmt’ﬂa@o < ioabill bRy @1 I8eEPELISTO e BytaTbAizetvéth
reflects Taser [1ght on oné face of a first substrate nmenber conprising a

mat eri al yhajovbhite BbhraspBifdihg 6 bnkiiieh.of ahe erapicstage 250! Favrexamplehe

processing pattern in the matéerial layer, and a third step of bonding a

second syhshsiat @eIRIPEe SRR TOWIANE iradiatet with thé&ser beasmat kashene aser
light to a face, which is not in contact with the first substrate, of the

mat eri al tindy® twor ivieslatinetddsatry) elepeadegsomthepanergyrintensitief #laserent i oned
first step is perfornmed by a vacuum evaporation or plating process, and the
second sbeami. s Tis freamsdhatthiel samoey region jn theWpHg27 6 infadiatedpvide Besi ng. 1n

the third step, high-frequency vibrations are applied to at |east one of
t he asselaseybeam atdeastang ime|afywp Yrﬁﬂ%%lfdk?&eﬁﬁ& tﬁé%F?ﬂ@sQP%ﬁ H&ttern and

the first substrate nenber and the second,substrate nenber to bond them

Brief Defymestindhe segipRTaslialadyih tigy/aser ORI t he configuration of a |aser
[ t df | 1.ect] . ] aa ' f |
Deor di g t o grahauRrrarula, MisnSSed B8 is Ak W@ Mo thded begBos o ©°

Kk din the |l ' ' ' i h
O oss- scttd S e S0e £ ARLARV AP AR N M E A i@ 11T chows

th | ati i , : bogidth st f
ere a&fsgérh‘t{é:, gﬂ{ﬁﬁgﬁgﬁgﬁgﬁb%@gﬂm&@% Whe &R@%5T palseamidth shiape o

| i near |as OWs cross-sections illustrating steps of
maki Ng aFBs ke AHCAH tHedrde? of RficroE8s@ s, iasvetoiwroin. FiBes| a Mhakk 28aving yi ng
out the Invention »
a row of holes 26-1'is used. in this case, it is not necessary to drive the mask
stage during laser irradiation. In other words, the linear laser beam from the
conversion optical system 24 is incident on the mask 26', which is always fixed,
whereas only the work stage 29 moves in the direction of .a.ri arrow in Fig. 3.
Alternatively, the mask 26 may be fixed while the work 27 is irradiated
with a linear laser beam that is scanned on the mask 26 in one axial direction by
a galvano-scanner. For this case, the galvano-scanner is provided between
the conversion optical system 24 and the mask 26. In this case, after the
scanning by the galvano-scanner, the work stage 29 moves the subsequent
processing region to a scanning region by the galvano-scanner.
In any case, the diameter of the holes formed by the above-mentioned
drilling is in the range of about 30 to 300 um. Assuming that the reduction ratio
of the imaging lens system 28 is 1:1, the diameter of the holes 26-1 formed in
the mask 26 is also in the range of 30 to 300 um. The mask 26 is generally

formed of a metallic material and the holes have an aspect ratio (ratio of the

diameter to the depth of the hole) of about 1. When the diameter of the holes




Referring to Fig. 4, a nethod for nmaking a mask according to a preferred
enbodi nent of the present invention will now be described. Herein, the
description will be made in a case that the | aser oscillator is the C02

| aser oscillator shown in Fig. 1. In Fig. 4(a), Au is deposited on one face
of a Ge substrate member 11 (first subgtrate nmenber) having 1'39‘95&200
transmttance far the wavel engths of the ' CO2 |aser beam (9. . m 4’9.4+
Vim 10.6 I.I,m O the like) to forma mask nenber |ayer 12 having a

thi cknesspef i8BoUIm Sthe\ihiBrnRks AN MBKBEEHEOBO finp! Ther@mer ocess may be
enpl oyed 1 nstead of the vacuum evaporation process. Next, in Fig 4(b), a

pl ural it yepftionshpsagpiiel tBare myask 26'ameiner indfigs®. ~. m t hat define the
processing pattern are formed in the mask nenber |ayer 12 by a well known
conbi nati on of Howéesr apthe magk dlavimgnyeabadve-mientoned Heekngssparssi ng.
Subsequently, in Fig. 4(c), a substrate nenber 13 (second substrate nenbr)
i s pl acedncnetised deasity ofthecholies 26a1 impaic heatdisgipationtkirigglaserdieamenber
11, of the mask menber |ayer 12 to bond them As a bonding nmethod, at |east
one of t hadiatien, wseltingnbéhe 13ernal M@W@Wtﬁe@aﬁhgssugﬁﬁr ate nmenber 11
and the mask nenber layer 12 is vibrated in a djrection parallel to the

pl ane at defermation efthermpgsk 2Rcavask the Aiierencs et theposiipnsand st rat e

{her chet AATORSIANP SOgPB TN AHGESBMTRA: “has ' pl ural ity of hol es 12-1

i ckneas of t Aecprqiag.an Soitd of Mg BEEeh: Rnfofle DR AR (i,
T T R dsing Mo doco A SRR MernE Sqprmauth e Rt ng o

t he hol egith?s las@f ®egpyrposed of only Ge and thus have high transmttance for

the | aser beam Since Au has high reflectance for the | aser beam the heat
absorbed di ssi pabtifertdbjectadt theréserttinvardionds oo grovidhs arrmettodifor and 13, and
the mask 10 is not heated to a high tenperature, and therefore no

def or mat making treannged. ‘Furt hernore, the first -and second substrat'es 11 and
13 mechanically prevent thermal deformation of the mask nenber |ayer 12

t her ebet ween. S@iﬁ@lﬂpéﬂ@ qhjecteaidhe poegRsH dendipntif &0 REAMdE B 1aF% as fol | ows.
Materials for the first and second substrates 11 and 13 i nclude Ge, ZnS
(zi nc suPfACESPINgARPAAS YSNGENR BIaSK: de). Materials for the mask nmenber

| ayer 12 include Au, Cu, - Ni; and berylliumcopper. rreferred conbinations
are Ge-Au, Ge-Cu, and Ge-Ni. in the case of Ge-Au, these are inmscible

W th eacB- v ed %[P‘iinJ(H a eutectic alloy. The eutectic composition
iRt AR yitigh

cont ai ns c percent Ge and is a lownelting-point. alloy having a

eutecti ¢ poi nt AGha3BRFIaber rBEeSaNG aBbofddb trRhRiseAdnOEARPhagECent G2 s

di ssol ved into Cu. e region containing a |larger anmount of Ge, various

i nt er met plddetertfABE presesig patemd. TNe maSk conprises aohasketdmBér at omi ¢
percent or nore, a eutectic alloy (having a eutectic point of about 640C)

of Cu3Gehavidg @iee prodessinedpatterntdre carsprisdd Gba Natedblothat defleatsolaiser per cent Ge
is dissolved into Ni. In the region containing a | arger ampunt of Ge,
var.i ous light@ndesubistriate owmbersdfer holding the mask member on both faces

thereof and comprised of a material that transmits the laser light.

The above-mentioned laser light is, for example, infrared light, the mask
member comprises one of Au, Cu, Ni, and beryllium-copper, and the substrate
members comprise one of Ge, ZnS, and ZnSe.

A laser processing apparatus according to the present invention carries
out processing defined by a predetermined processing pattern to a work by
irradiating the work with a laser beam from a laser oscillator thorough a mask

having the predetermined pattern. The mask also comprises a mask member




are formed. At a Ge content of about 50 atom c percent or nore, a eutectic
all oy (having a eutectic point of about 780C) of -Nice and Ge is forned. As
descri bed above, the Ge-Au systemis nost preferred because an alloy is
readily forned. However, it should be noted that this alloy nelts at a | ow
tenperature of 356C. Since Ge and Au rrg'adily forma eut ectiq a

honogeneous structure of Ge and Au exhrFbits high thermal con %yi Vi 'fly. I n

8 13 May 2004 addition, a snall amount of heat generated in Au due to |aser
beam absarpt.i LLY: di sS4 @*@5 j wbstrat es
11 and 1%%%§%%§§%'8gﬁgep rﬁtgﬁtﬁ héghﬁa ove @‘%g{ﬂt%@%ﬁ?ﬁ?g@lggi@? g_lsﬂ?e_ for the
sk 26, g ARo' ABSlral KehiisABPROBIsbanaganteriver botiacas | 11 ng Lo

the resi n9 ayer rinted circul t board shown in Fig. 1. However, the

mask aCCQf\EH&Q dridl dPEpINERPENA mdtugalthantrafsriig the Riseedgtio the mask of the
| aser drilling apparatus. For exanple, this is also applicable to a nmask of

a | aser di st or tTimapoaseassitionedppseradactiatdras a COadasarasscllapvrutizd mepkof fine
ceram c substrates arranged in a rowwith a plurality of |aser beans to.

i npart nimepbies conirizes tomeasfoku,dBu avi, and Wesylliemecoppies, ard the shstatat or i s
not limted to the C02 |aser oscillator. O her |aser oscillators, for
exanpl e, rmed@rs asmpries oinel aft@e, 4nd, andEASkaser oscillator can al so be
used. Materials for the first and second substrate g‘gg,the mask menber

| ayer may be seheasrdiggde plee aresensinvantionadaiethedifen masing %E&??‘ Phg to the
present invention, the first an sec,ong substrates,  di s.sifg fe hﬁgt fromthe
mask mendasen pIPeessRa haxingm Pradatormingdnracersing RAMLY'S| @?Epr &g "t he

I ti K f I drig | d ' d
Lo rr nai TG GiPagd AomRgses Aot Soprat rarirae AR RR Iy RF B R T Loa 1
o irradi e adal AP RO TCABiT Ity TAS Tde: )
of " | asdrethrel 1T ECtakE e (e o R ERBTdle B s Rl BRI hork and a

ga\jgr ‘;f aco'&ﬁ%ﬁrp%ﬁﬁ%fek}éﬁfﬁ%%%ﬁ%ﬁﬁﬂsﬁﬁe WRRNGhHR §edoridgaptof tgnalngties tion to
processing pattern in the material layer, and a third step of bonding a second
substrate member comprising a material that transmits the laser light to a face,
which is not in contact with the first substrate, of the material layer provided with
the processing pattern. -
The above-mentioned first step is performed by a vacuum evaporation
or plating process, and the second step is performed by Iifhography, etching, or
laser processing. |
In the third step, high-frequency vibrations are applied to at least one of

the assembly of the material layer provided with the processing pattern and the

first substrate member and the second substrate member to bond them.

Brief Description of the Drawings

Fig. 1 shows the configuration of a laser processing apparatus used for
collectively forming a plurality of holes according to the present invention;
Fig. 2 shows the relationship between a mask used in the laser

processing apparatus shown in Fig. 1 and the cross-sectional shape of linear

laser light;




1. A mask for laser processing having a predeterm ned processing pattern,
the mask conprising a mask nmenber having the processing pattern and
conprised of a material that reflects |aser |ight and substrate nenbers for
hol di ng the mask nmenber on both faces thereof and conprised of a materi al
that transmts the laser light, the magk nember conprises oqg,\ﬁg @3,4 Cu,

Ni , and berylliuncopper. 2. The mask for |aser processing accordi to
claim1l1, wherein the laser light is infrared |light, and the substrate
menbers conpri sgodehoivs e rdlabonstiig bénbeen adothir Indesi afd BL&Pis8g appar at us
for carrying out processing defined by a predeterm ned processing pattern
to a wor ksestionalrsgipatofiipeah@sanlightyand a | aser beam from a | aser oscillator
t horough a mask having the predeteterm ned pattern, wherein the mask
conprises: . a higskshewberodmseatpnshliugiratingssteps)opaiakingna amaskconpri sed of a
material that reflects laser |ight and substrate nmenbers for holding the
mask menfeEowtinGa ther present ingesdd®n.and conpri sed of a material that
transmts the laser light, the mask nmenber conprises one of Au, Cu, N, and
beryllium copper. 4. The | aser processing apparatus according to claimS3,

wher ei n e ser, oscillator js a CO2 |aser oscillator and the substrate
menber s ?‘&%W OREagINgouting INYeRiofhse. 10 13 May 2004 5. A nethod for

pat torn. 1 he nECiABamie o et B el ByRart SRk Bikor: al ayer
Cubot r at BPoiErBR SPAOGRmIoRT bt 0 bEBRA h8fon WMo Ret B8R Chipfoihynt. &

second stipd@dcripBbRivil belfas aF AEisBInRRhbader dbcliRgorTaLeE CB), heyer; and a
third step of bonding a second substrate nenber conprising a amterial that

t ransni t esdiltetol 8sewnlim gy, to a face, which is not in contact with the first
substrate, of the material |ayer provided with the processing pattern, the
refl ecting matkerkigl 4@ nAuiis depositechbdn Ane fate ol .Geangbdiettglrhémbecopper. 0.
The method for making a mask for |aser processing according to claimb5,
wher ei n g substatesmember) pavingrhighl trepsaittersedor theawavelengthswf the at i ng
process, .and the sec step is performed by lithography, etching, or |aser
processiﬁg)?q?s.er}er?é‘? zgg Hrﬁrg-ﬁ"dkrf"ngaé s R #@r“kleaﬁ‘"e%rm%m H§TWEIi ng a

pr edet er,;m ne rocessjn attern, the nethod conprising.a first step of

f or mi ng 'QY%f%BP&'PQWabB&%éﬁ&? iaé’PHb5§ %tté'r\raaﬂuugﬁsva%’gﬂee-t sAIRRING | i ght on
one face, i : # risi terjal that transmts
the | as?rgﬁ?g%ﬁa@%%@ﬁ%?ﬁ@B{é‘é?b‘ﬁéﬁlﬁﬁgu‘f’ﬁe&%@&%@& #Scﬁ%ﬁ't ern in the

mat eri al | ayeryogn tA ; i L nber

conprising a -,rrrgt?)g’r ﬁaﬁgtﬂg{’%t@gﬁ@ﬁf ?sz@Eg @gggraéf'p%@af%& g,t ég‘éf:(&‘ﬁpv\hi chis
hot in ahat @efinerherprobesding phttekbarled Ried ® thd B adResMBbr |a§¥eY 2 I ded
with the processing pattern, wherein, in the third step, high-fréquency

vi br at i ovedl lemawra ppinbértation eftlithegraphyp aad @tching oabg lifetyiager pRessing! i al
| ayer provided with the processing pattern and the first substrate nenber
and the secondubseguenty imEighek(C), @ substratehmemberd 348eodidd shstrEte. Au_. ANy . A
Al memobr) is placed onto a face, which is not in contact with the substrate member

11, of the mask member layer 12 to bond them. As a bonding method, at least

one of the substrate member 13 and the assembly of the substrate member 11

and the mask member layer 12 is vibrated in a direction parallel to the plane at

a high frequency. The mask member layer 12 and the substrate member 13

are bonded to each other by frictional heat generated therebetween.

As a result, a mask 10 that has a plurality of holes 12-1 having a
diameter of 50 um and an aspect ratio of 1 is obtained. The thickness of the

first and second substrates 11 and 13, respectively, is in the range of about




. A9; yQp#OQ L vt
[ | wmhc”™Y] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal]ca]c
a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! ?c68D SKp2~; 1
| wmhc”Y] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
cal ca]cal] ca]ca]calca]calcalcajcall w 13 Mav 2004
P! $K$SSSIWORBEREEE&E3" N " " * (w( (( +g_**}xsni d _Z]]ca] ca] ca] ca]yca] cajca]ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca
| ** H+O- -selieralitens 8P hli1dRRRARANFES 7 45C55556) xsni d_7] ] ca] ca] ca] ca] ca] ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal ca] ca] ca] ca] ca] ca] ca] ca]ca] ca] ca]ca]ca] ca]ca
] ca] cal 66669718968 sk member;layer 12 of the mask 10, portions corresponding to
<, <=>L>S>[ ???4@ @@ xsni d_Z] ] ca] ca] ca] ca] ca] ca] ca] ca] cal ca]calca] calcalcalc
a] ca] ca)] dha twa)esai 2d) ara] comh pedechdioar]ly Secafd Hjushawd bigh@ersmicanssT@o BBBBMCCC
ODDDHL>S>[ ???4@ @A xsni d_Z] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal ca]ca]ca]caJca]c
a]lgaga]( diag mqar%e@m .cabivapdk) baj b@h:raﬂeatjampda] the leagpbeam, the heat

9 LMLO% 10% 10% #10% L10% L10% #LMNO
g\ OFF , 12;@@r @@sé{pu@qsg%oé&@@k@j%} gr)‘ud §e¢o E)tra(tes 1@&9 13, an@ﬁ (-

52 A Bl e
T e e AT
Lore aasobtastot it taldhitimatoh Bt sk %%Aﬁ&r(léyérsﬁét%ré‘bétl/ve@%o he 0-

101 &3t ! 109 & ( Mgt%@ég%] %éﬁ cBhipbighforthe HEIR YD &ré s 8RliWEDfaterials

10Hsz109%& () -

for the first and second substrates 11 and 13 include Ge, ZnS (zinc sulfide), and
ZnSe (zinc selenide). Materials for the mask member layer 12 include Au, Cu,
Ni, and beryllium-copper. |

Preferred combinations are Ge-Au, Ge-Cu, and Ge-Ni. in the case of
Ge-Au, these are immiscible with each other and form a eutectic alloy. The
eutectic composition contains 17 atomic percent Ge and is a low-melting-point.
alloy having a eutectic point of 356°C.

In the case of Ge-Cu, about 10 atomic percent Ge is dissolved into Cu.
In the region containing a larger amount of Ge, various intérmetallic compounds
are formed. At a Ge content of about 25 atomic percent or more, a eutectic
alloy (having a eutectic point of about 640°C) of CuzGe and Ge is formed.

In the case of Ge-Ni, about 12 atomic percent Ge is dissolved into Ni.
In the region containing a larger amount of Ge, various intermetallic compounds
are formed. At a Ge content of about 50 atomic percent or more, a eutectic
alloy (having a eutectic point of about 780°C) of NiGe and Ge is formed.

As described above, the Ge-Au system is most preferred because an

alloy is readily formed. However, it should be noted that this alloy melts at a

low temperature of 356°C. Since Ge and Au readily form a eutectic alloy, a

homogeneous structure of Ge and Au exhibits high thermal conductivity.  In
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The mask according to the above embodiments is suitable for the mask

26 of the laser drilling apparatus for carrying out the drilling to the resin layer of
the printed circuit board shown in Fig. 1. However, the mask according to the
present invention is not limited to the mask of the laser drilling apparatus. For
example, this is also applicable to a mask of a laser distortion processing
apparatus that irradiates a plurality of fine ceramic substrates arranged in a row

with a pluraiity of laser beams to impart microdistorsion to each ceramic

substrate.
The laser oscillator is not limited to the CO,, laser oscillator.  Other

laser oscillators, for exa.mple, a YAG laser oscillator and a YLF laser oscillator
can also be used. Materials for the first and second substrate and the mask
member layer may be selected depending on the laser oscillator.

According to the present invention, the first and second substrates
dissipaté heat from the mask member layer and mechanically fix the mask
member layer; hence, the resulting mask for laser drilling does not undergo

thermal deformation due to irradiation with laser light.

Industrial Applicability

As described above, the mask according to the present invention is
suitable for a mask of a laser drilling apparatus for carrying out the drilling to a
work and a mask of a laser distortion processing apparatus for imparting

distortion to a work.




10H9$10% & ()-9:110% & ()-10% & ()- °~ 10% & ()- ,S 10% & ()- s’

10% & () - **H++O - - dEbC 10H8 10% & ()-9610% & ()-+s!10% & ()- 3

S)mM0% & ()-'9!10% & ()-&8& ! 10% & ()--../.0.1.=.i..t0~ @ 10HM 109B& ()-| 3
1098& () - S1098B& ()-!Sy1098B& ()- 10: 10: 10:1: 10% & ()-t001Ylull2dE~ @
10Hsy 1098& ()-z109B& ()-1098& ()-: ! 1QUB& () - 13 May 2004

s! 109B& () - @OYB& () - 2R2z223\ 33dE~_@ TOHLI +109B& () - y

) 109B& ()-"' 1 109B& ()- W109B& ()-Z 9$109B& ()-sF" 109B& ()-
33=4445c5dE~_@ 10H&6 109B& ()- 4109B& (ClEMBBs () -

911098& ()-L, /M 109B& ()- - 109B& () - c55555556W6bC 10HS&! 10%44& () -

#1098 () - @10%4& ()- 10B 10B 10B&Y: 109B& ()- &8109B& ()- W66697789dELC

10H610%-k1&1 ( )A m\a\slk ]fgr%;ger( %r_o\cse%éi%%%i n(g? é%rgée]tg%e@éro%%ggﬁlpghérn% the
mask comprising a mask member having the processing pattern and comprised
of a material that reflects laser light and substrate members for holding the
mask member on both faces thereof and comprised of a material that transmits

the laser light, the mask member comprises one of Au, Cu, Ni, and beryllium-

copper.

2. The mask for laser processing according to claim 1, wherein the laser light

is infrared light, and the substrate members comprise one of Ge, ZnS, and

ZnSe.

3. A laser processing apparatus for carrying out processing defihed by a
predetermined processing pattern to a work by irradiating th'e work with a laser
beam from a laser oscillator thorough a mask having the p}edetermined pattern,
wherein the mask comprises: |

a mask member having the processing pattern and comprised of a
material that reflects laser light and substrate members for holding the mask
member on both faces thereof and comprised of a material that transmits the

laser light, the mask member comprises one of Au, Cu, Ni, and beryllium-

copper.

4. The laser processing apparatus according to claim 3, wherein the laser

oscillator is a CO, laser oscillator and the substrate members comprise one of

Ge, ZnS, and ZnSe.
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a second step of forming the processing pattern in the material layer;
and
a third step of bonding a second substrate member comprising a
material that transmits the laser light to a face, which is not in contact with the
first substrate, of the material layer provided with the processing pattern, the

reflecting material comprises one of Au, Cu, Ni, and beryllium-copper.

6. The method for making a mask for laser processing according to claim &,
wherein the first step is performed by a vacuum evaporation or plating process,

and the second step is performed by lithography, etching, or laser processing.

7. A rﬁethod for making a m‘ask for laser processing having a predetermined
processing pattern, the method comprising a first step of forming a material
layer comprising a material that reflects laser light on one face of a first
substrate member comprising a material that transmits the laser light; a second
step of forming the processing pattern in the material layer; and a third step of
bonding a second substrate member comprising a material that transmits the
laser light to a face, which is not in contact with the first substrate, of the
material layer provided with the processing pattern, wherein, in the third step,
high-frequency vibrations are applied to at least one of the assembly of the

material layer provided with the processing pattern and the first substrate

member and the second substrate member to bond them.




