DESCRI PTI ON LASER PROCESSI NG APPARATUS, MASK FOR LASER-PROCESSI NG, AND
METHOD FOR MAKI NG THE MASK Technical Field The present i ' ates to
a | aser processing apparatus for carrying out processi Jmmm’m@u/ a
predet erm ned processing pattern to a work by irradiating t, §iso0OT with a

| aser beamfroma | aser oscillator thorough a nmask having the
predeterm ned pattern, to a nmask for |aser processing, and to a nethod for

Qrilling to o resin | ayer of  pr ?E;%%ggé&izbﬁﬁfﬁéawﬁmlﬂlllﬂﬂﬂmlllmﬂlﬂﬂ e

provi ded. Nowadays, laser drillin s for collectigghy making a
plurality of holes also are provided. Referring to Fig. 1, an exanple
thereof will be described. A pulsed |aser beam froma CO2 |aser oscillator

21 is | NCh et PRACRAINLIRPBAFDNIS AABKSE O 2RSERPROS G ener oY

density distributionin the cross-section of €am becones onpgeneous.

The | aser Aggam\grpﬁw ROA Nes Thepagileous optical  system 22 is

reflected by a reflective mrror 23 and is incident 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
conver si oMeaphicabFietd/st em 24 converts the circular or rectangul ar cross-
sectional shape into a |linear |aser beam having a predeterm ned wi dth Wand
| engt h L. Thus, Tiheepresenidnyentiorofelatealto ayasermrodessing agparadusiori ndri cal
|l ens system 24-1 for defining the wdth Wand a cylindrical lens 24-2 for
def i ni ng tCﬁé"V'rlge‘P\‘gtFHOE‘?SSEJﬂQ:Hegn%FN@r%rﬁgﬁt%'ﬁ‘m%’apr%%ﬁ'éﬁlmer%t%I | known,
the width wvgrE by irradiating the work with a laser beam from a laser oscillator thorough a

mask having the predetermined pattern, to a mask for laser processing, and to

a method for making the mask.

Background Art

Laser drilling apparatuses for carrying out drilling to a resin layer of
printed circuit boards by a laser beam are provided. Nowadays, laser drilling
apparatuses for collectively making a plurality of holes also are provided.
Referring to Fig. 1, an example thereof will be described. A pulsed laser beam
from a CO, laser oscillator 21 is incident on a homogeneous optical system 22,
so that the energy density distribution in the cross-section of the beam becomes
homogeneous. The laser beam emerging from the homogeneous optical
system 22 is reflected downward by a reflective mirror 23 and is incident on a
conversion optical system 24. The laser beam incident on the conversion
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



being in the range of 0.1 mmto several mmand the | ength being about
several tens of mm A mask stage 25 is arranged right bel ow the conversion
optical .system 24 to drive a mask 26 in one axial direction. The mask 26,
as described below, has many holes for defining a processing pattern for a
resin layer of a work 27. An imaging |lens system 28 is arranged between
the mask stage 25 and the work 27. The i nagi ng | ens system 28 defines the
reduction ratio of the processing pattern of the mask 26 projected onto
the work 27. Herein, the _reduction ratio is 1:1, The work 27 is | oaded on
a work st AN28 thedange Oﬁg\ﬁa'ﬁ\“%t(hﬁe‘fgﬁtmm‘ ﬁn@ihelqnggépg@gcﬁh%ﬁ%w el ative

to that oft t he, movenent of the nmask stage 25, along the sane axi al
di rection.erﬂﬁof)m'i cular, the mask stage 25 and the work stage 29 are

fhese move syncis BEgRagae £6 s 48hided HafbheiBUP cofuorprioiel defh rmek 26
and the crey giReh holR 2@ s A3BUR AN TRBIAYK 26, 85 bbSed IR, boam

which is converted i e conversion optic system 24. S has a

processi NnthazanhAy Moldstet defiriag a Wo@é_@éih%baﬁérm@'r esredfer layéhérta sk 27r anged
at randomor regularly at a given pitch P with respect " to the direction of

t he novensAn irsaging léns systemradiis artanddacbétiveenithe avesk siegepstamel tivedth Wi s

| arger than the diameter of the holes 26- 1 and the length L is larger than
t he range vadrktave prhreciosagimg lgnstsystami28 definesitbie hedulitioacationf ife t he nask 26.
In Figs. 1 and 2, the nmask 26 noves across the linear | aser beamso that a
pl ural ity R¥pcessirg patenn ¢fdhe orrsk 26 prajestad ante thegwotkhe7 .hotekreinghe | ying in
one row of the, nask 26 reach the work 27 through the inmaging |ens 28.

Since the "REYRIN B9 183 ind the work stage 29 are controlled so that these

move synchronousty, Bt 58 iBRISH bR & hbACLEEReAANR hBSasETR €8st H the

di rection,
inverse direction relative to that of the movement of the mask stage 25, along

the same axial direction. In particular, the mask stage 25 and the work stage
29 are controlled with a controller, which is not shown in the drawing, so that
these move synchronously.

Fig. 2 shows the relationship between the mask 26 and the cross-
sectional shape (shown by hatching) of a linear laser beam, which is converted
in the conversion optical system 24. The mask 26 has a processing pattern
including a plurality of holes 26-1 that are arranged at random or regularly at a
given pitch P with respect to the direction of the movement shown by an arrow.
In the linear laser beam, the width W is larger than the diameter of the holes 26-
1 and the length L is larger than the range of the processing pattern in the width
direction of the mask 26.

In Figs. 1 and 2, the mask 26 moves across the linear laser beam so
that a plurality of laser beam components passing through the holes 26-1 lying
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



hol es are. continuously formed in the work 27 for every row of the
processing 3 pattern of the nmask 26 in sequence. O course, the pulse
frequency of the Ilaser beamfromthe CO2 |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 irradi ated
with the | aser beamat |least one tine3or two tinmes, if necessary,
depending on the energy intensity of the |aser beam This nmeans that the
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is used. I'n I'S case, necessary to drive the mas stage during

llaser irr &@ieabi @b timesOf RBEeydaing depehBind dietHe ey iMeaBty bPhet Iager
conversion optical system 24 is incident on the mask 26', which is always

fixed, wheasas This ymédns that thesdamge réflomiry the work 22 iglirraeitated withf than ar r ow
in Fig. 3. Alternatively, the mask 26 nmay be fixed while the work 27 is

i rradi at edasenibelamaat ieastone tiserordeartimesif necessamneAs@reashé, helek 276 i n one
axi al di rectionwgé a gal vano-scanner. For this case, the gal vano-scanner

i s provi déermed indbe region ivadied Wik thplasealbeast em 24 and the mask 26. In

thi . after th i ng by the gal vanos. b k 29
Toves the subs el AORNOBETERIRy e gSerbedns SXan NG the etk U50RRD

gal vano-sca
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Lhat the Iqaghiiéd Ahd Bt tRE Hoft foltABUTI NS RBHEUAG FéP 2Buls width of 1he
laser beam on the order of microseconds, as shown in Fig. 3, a mask 26' having
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 an 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



the mask 26 is also in the range of 30 to 300 m The nmask 26 is generally
formed of a netallic material and the holes have an aspect ratio (ratio of
the. dianeter to the depth of the hole) of about 1. Wen the dianmeter of
the holes 4 26-1 is 50 m the thickness of the mask 26 is also 50 m The
sanme relationship applies to the mask 26' shown in Fig. 3. However, in the
mask havi ng the above-nentioned thickndss, an increased density of the

hol es 26-1 inpairs heat di ssipation during |aser beam irradiation,
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apparatus using t osure of Invention A mask for |aser

processi nqkr@dﬁéﬁkﬁrdlr@@umagﬁﬂm@ﬂ@mal defoveationof tresmask @6edather M ned
processing pattern. The mask conpri ses a mask nmenber having the processing

patt er n anefarargtionssfdheimask2s eauses thealifferehice of she pesitions agdthend
substrate r.rerrblers f or hol di nghthe mask menber on both faces thereof and
conpr i sed distodioneafdhe shapaaf the holesifersnete | aser |ight. The above-mentioned

| aser light is, for exanple, infrared Ii ht t he mask ses one
of Au O N ' ASoKiRgHI a1 opleh LIS RiRaSRtEVETHR B30 BTOVIRRBIPSSE Bror | s
one of Ge, ZnS
laser processmg w%nch does not cause thermal deformation during irradiation
with a laser beam.
Another object of the present invention is to provide a method for
making the mask.
Still another object of the present invention is to provide a laser

processing apparatus using the mask.

Disclosure of Invention

A mask for laser processing according to the present invention has a
predetermined processing pattern. 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 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



A.l aser processing apparatus according to the present invention carries
out processing defined by a predeterm ned processing pattern to a work by
irradiating the work with a | aser beamfroma |aser oscillator thorough a
mask having the predeterm ned pattern. The mask al so conprises a mask
menber 5 having the processing pattern and conprised of a material that
reflects laser light and substrate nenbers for hol ding the nask nenber on
both faces thereof and conprised of a material that transmts the |aser

1ight. The above-nentioned | aser oscillator is a CQ2. | aser, oscjllator, the
sk menBAVING e RTOgeseing PaHer andiomarised o aialan) th Eesses asahd t he
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that reflects | a3Ry apdvdinePfloREE Id5e® dseillafdrid 4 TQ 5 I83aE batifatdR THE mask
conprising a material that transmts the laser li1'ght, a second step of
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bondi ng a second substrate nmenber conprising a material that transmts the
| aser | i ghhembess Eamerise ohedf Ge An8, dnd ZnPd.act with the first substrate,

of the material |ayer provided with the processing pattern. The

above- nment i oned Adocosdingtethe prasent swventionya meltadifonneakipg manaskforor pl ati ng
process, and the second step is perforned by Ijthography, etching, or

| aser pr od@seiRgcessing havingia ar miReg nrqqeéqmm%tam lis further oravieedppl i ed
to at |east one ,of , the assenbly of e material |ayer provided with the
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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.

The above-mentioned first step is performed by a vacuum evaporation
or plating process, and the second step is performed by lithography, 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;



Fig. 1 shows the configuration of a |aser processing apparatus used for
collectively fornming a plurality of holes according to the present

i nvention; Fig. 2 shows the relationship between a mask used in the | aser
processi ng apparatus shown in Fig. 1 and the cross-sectional shape of
linear laser light; 6 Fig. 3 shows the rel ationship between anot her mask
and the cross- sectional shape of |ine&& |aser light; and Fig. 4 shows

cross-sections illustrating steps of rraki ng a mask according to the
present inventi e e for n out e | nventi.on Referring to
B 6o 8, & et hodHla.s SRR P teIRuaSTR bebiher,Aneinar MaskAsAiBe cEamsoa mant _of
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to forma nas |"ayer aving a thickness of about 50 m by vacuum
evaporation. A plating process nmay be enpl oyed instead of the vacuum
evaporation process. Next, in Fig 4(b), a plurality of holes 12-1 having a

di anet er desiMaode fdrdlardgihg oat thHeenpetimssi ng pattern are forned in the nmask
menber |ayer 12 by a well known conbi nation of |ithography and etching or

by direct |aser ﬁﬂermgsiiOr@'g $ud sejbed farymaking Bl mask @cgordingsioast r at e menber
13 (second substrate Is placed onto a face, which is not in contact
with the ﬁgfﬁrmgﬂheﬁmnto:f_ihe 9reaeﬁélnvﬁgnomlb@@wm@scmedo biereint hem

Asa bondi gﬁ ﬁt hoﬁﬁa{wﬁ@eafpégﬁgﬁ%ﬂogsettﬂgt ﬁ'\eblaser oscillat nlplgrthe%)d‘ nIglst pe

assenbl y
oscillator shown in Fig. 1.

In Fig. 4(a), Au is deposited on one face of a Ge substrate member 11
(first substrate member) having high transmittance for the wavelengths of the
CO, laser beam (9.3 um, 9.4 um, 10.6 um, or the like) to form a mask member
layer 12 having a thickness of about 50 um, by vacuum evaporation. A plating
process may be employed instead of the vacuum evaporation process.

Next, in Fig 4(b), a plurality of holes 12-1 having a diameter of 50 um
that define the processing pattern are formed in the mask member layer 12 by a
well known combination of lithography and etching or by direct laser processing.

Subsequently, in Fig. 4(c), a substrate member 13 (second substrate
membr) 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



and the mask nenber layer 12 is vibrated in a direction parallel to the
pl ane at a high frequency. The mask nenber |ayer 12 and the substrate
menber 13 are bonded to each other by frictional heat generated

t herebetween. As a result, a mask 10 that has a plurality of holes 12-1
having a dianmeter of 50 mand an aspect ratio of 1 is obtained. The

t hi ckness of the first and second subsirates 11 and 13, respectively, is
in the range of about 7 several tens of mto several hundred gm In the

-mask nenber 12 of the rrgqﬁ1 ortions corresponding to the holes
12-1 are c?ﬂ’{ﬁféZﬁn%P B 1o sgve H’é\fe high transmittance for the
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(zinc sulfide), and ZnSe (zinc selenide). Materials for the nask menber

llayer 12 imaskidie igoot Keatedtb a gl tdrpgiatirerand pivereforBmy geéforfationty nat i ons
are Ge-Au, Ge-Cu, and Ge-Ni. In the case of Ge-Au, these are imm scible

wi th each csused. afidrthermere, tha tist aod setoyd sUbstrateatld aridcl & orgobantcatiy

contains 17 atomc percent Ge and is a |lownelting-point alloy having a
eutectic [RSPH?ntdheﬁBél(ﬁefPﬂn@tl'@ elibe maskamemberdayrr: 12 thesekptweeper cent Ge is
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of Cu3Ce
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 intermetallic 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 Cu;Ge 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



In the case of Ge-Ni, about 12 atomi c percent Ge is dissolved into Ni. In
the region containing a larger amount of Ge, various internetallic
conpounds are fornmed. At a Ge content of about 50 atom c percent or nore,
a eutectic alloy (having a eutectic point of about 780C) of NiGe and Ce is
formed. As described above, the Ge-Au systemis nost preferred because an
alloy is readily forned. However, it sHbuld be noted that this alloy nelts
at a low tenperature of 356C. Since Ge and Au readily forma eutectic
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irradiates a plurality of fine ceramc substrates arranged in a row wth a
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substrate. The laser oscillator is not limted to the C02 | aser oscillator.
O her | asxampie,thisas@lsn applicableatoph )ask of &Qalsas distartion Ipretessirand a YLF

| aser oscillator can also be used. Materials for the first and second
subst r at e aRRaratys thaldwadigiema plyrality,of fing eesaris suhsi@tes prARDRd inba reWe | aser

oscillator., Accordj.n 0 the present invention, the first and, second
Subst r at ittt BIraliy b idser BeBh fonmnartGroRBRirslonye cagPataRYan: cal |y 1 i x
t he mask nsgﬁﬁ{ae | ayer; hence, the resulting mask for laser drilling does
not underg%l rmal deformation due to irradiation with [aser |ight.

The laser oscillator is not limited to the CO, laser oscillator. Other
laser oscillators, for example, 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
dissipate 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.



| ndustrial 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 nask of a |laser distortion
processi ng apparatus for inparting distortionto a work. 9 CLAIMS 1. A
mask for | aser processing having a predeterm ned processing pattern, the
mask conprising a mask nmenber having tHe processing pattern and conpri sed
of a material that reflects laser |ight and substrate nenbers for hol ding
the mask menber on both faces thereﬁégznﬂ conprised of a material that
transmts the laser light. 2. The WS | aser processi ng according to
claim1, wherein the laser light is infrared Iight, the mask nenber
conprises one of Au, Cu, Ni, and beryllium copper, and the substrate

menbers CQUPrA ARdR6r gsefﬁgoc?éﬁn{q?ﬁﬂé@d‘§%re8’etgﬁpln%§i%rogé§§ﬁ€ giaﬂgrr??r?@r at us

for carrying out process a’ predetermmned proctessing pattern

to a work physK 66rﬁgfi§ihb'wmta§ﬁ n“i%geit"h%\ﬂng é@%@?e&sﬁ@@%éﬂe‘?ﬁ‘aﬁd' rised

oscillator thorough a“mask havin p pattern, erein the

mask conprof aapateialtidt refeds lager Vighoahd Substee TRémB e RPfor BoMHiRg theconpr i sed
of a material that reflects laser light and substrate nenbers for hol ding

the mask mastberenberot bothdaess tHereeldndicomprised bbadnatbrial that gahemits hat
transmits the laser light. 4. The | aser processing apparatus according to
claim 3, #hetasenlight | aser oscillator is a CO2 |aser oscillator, the mask
menber conprises one of Au, Cu, N, and berylliumcopper, and the
substrate nenbers conprise one of Ge, ZnS, and ZnSe.

2. The mask for laser processing according to claim 1, wherein the laser light
is infrared light, the mask member comprises one of Au, Cu, Ni, and beryilium-

copper, and the substrate members comprise one of Ge, ZnS, and ZnSe.

3. A laser processing apparatus for carrying 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,
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.

4. The laser processing apparatus according to claim 3, wherein the laser
oscillator is a CO, laser oscillator, the mask member comprises one of Au, Cu,
Ni, and beryllium-copper, and the substrate members comprise one of Ge, ZnS,
and ZnSe.

5. A method for making a mask for laser processing having a predetermined

processing pattern, the method comprising:



5.. A nmethod for making a mask for | aser processing having a predeterm ned
processing pattern, the method conprising: 10 a first step of formng a
material. |l ayer conprising a material that reflects I|aser light on one face
of a first substrate nenber conprising a material that transmts the |aser
light; a second step of formng the processing pattern in the materi al

| ayer; and a third step of bonding a sd@®ond substrate nenber conprising a
material that transmts the laser light to a face, which is not in contact

with the first sybstrate, of the material |ayer, provided with the
processi ng patté S?Qtepﬂféoﬁmﬁcﬁj"%?”%q{dmﬁ“m amateaguhabfail@égss. ng

cvapor at | dreer gt Bong R8I sl Syetie miariben ool ha SyseiRbel ety

l'i t hography,n, s‘?ﬁlmh@%sé’irlg er processi ng. 7. The nmethod for maki ng a mask
for |laser processing according to claimb5, wherein, in the third step,

hi gh- f r equency »agéc%dooagggﬁmfﬂﬁghe dee%%mbﬁ?a?l‘err?ﬂ?the%a{ Bl R "b'y of

the material |ayer provi roceSS| attern an |rst
substrat e gmpber and the second substrate rrerrber to bond them

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.

6. The method for making a mask for laser processing according to claim 5,
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. The method for making a mask for laser processing according to claim 5,
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.



