L - 1 - SPECIFI CATION HYBRI D LASER PROCESSI NG
APPARATUS Technical Field [0001] The present

. invention relates to a hybrid | aser processing
apparatus, and nore specifiqgliy_relates to a hybrid
| aser processing apparatus that jets a liquid from a
jet hole to the outside in the formof a liquid colum
and gui des | aser beamto the |iquid columm. Background
Art [0002] Conventional $8ECH QN | aser processing
apparatus including a processing head having a jet
hole, liquid supply neans for supplying the

processi ng he | | ghs i qul | aser
osci |l | at or th%%@%&ﬁﬁ%%é@%@%é%dm?

| aser-gui ding neans for guiding the |laser beam
oscillated by the laser oscillator to the processing
head-nHidAan griligal fiber, the apparatus perform ng
processi ng on a workpiece by jetting the liquid
suppiciledd fromthe liquid supply nmeans fromthe jet
hole to the outside in the formof a liquid colum
and gulldengrekent| dseenheam trelbhes| itguiad hgdlrukn 1ESicry
the | aser-guiding neans has been known. 2 As such a
hydidcg Ssdger aprecedsing appareatauspesnigically relates to a

-

hybrid laser processing apparatus that jets a liquid from
a jet hole to the outside in the form of a liguid column

and guides laser beam to the liquid column.

Background Art
[0002]

Conventionally, a hybrid laser processing apparatus
including a processing head having a jet hole, liquid
supply means for supplying the processing head with a
high-pressure liquid, a laser oscillator that oscillates
laser beam, and laser-guiding means for guiding the laser
beam oscillated by the laser oscillator to the processing
head via an optical fiber, the apparatus performing
prccessing on a workpiece by jetting the liquid supplied
from the liquid supply means from the jet hole to the
outside in the form of a liguid column and guiding the

laser beam to the liguid column using the laser-guiding

means has been known.




that guides a |l aser beamoscillated by a laser 1 to a
nozzl e bl ock 43 using a beam gui de 6, and al so gui des
the laser beamto a liquid beamjetted froman nozzle
intake opening 30 as a result, of a liquid being
supplied to the nozzle block 43 using a punp 17 has
been known (Patent Docunent 1). In this patent

docunent 1, | aser beamirradi ated .fromthe beam
gui de Sr%%ﬁﬁe@ BK rhgzg%éeBIBERc9ﬁﬁlag BBPREREEEr 9%°

E§H€Eeggggégn% h %%rz%ba%n%skhﬁlg%%%;b&?%ggﬁ%%gd%gﬁeda

ocusi ng 'ens passes throug

th%z&h%ubgoc@nQ3tQ%ﬁn%PEV%%QﬁS Whh%i% aaﬂhagﬁ%g ggﬁggg the

surface of the nozzle~intake opening 30, an

t 0asthepkbhAuitd BeamguRat eebmDocurent rlomNahi 8R3lz1e intake
Publ i cation of International Patent Application No.

18pERA98330Dkschosusalafl ofha ilnvyenti eeihgseeppllacke to the
solved by the invention [0003] However, when the

| aser lbebimics dGndensegd aoputipe 1 7nbazl ecient dkewbpdmiangnt

30 by the focusing lens 25 as disclosed in Patent
Dbegh@Antilabove, there is a problem in that

adj ust mrent_ of the focal point gosition of the |aser

beam i SN dtRif cRrESRE fReUpeRted. | RqlREcheaRrRasrqadiated

smal | g'a ter. 3, In_view of such proble the |

o 6SBNEPENVERTT 8HIFE 6 FEartaed toprarrde BIRV M 2
l88?&iﬂ598§s§ﬁngn9p8a%gk%%ing lens 25, and the laser beam
condensed by the focusing lens passes through a window 36
and the liquid, and then converges within a planar
surface of the nozzle intake opening 30, and is guided to
the liquid beam.

Patent Document 1: National Publication of
International Patent Application No. 10-500903
Disclosure of the invention
Issues to be solved by the invention

[0003]

However, when the laser beam is condensed on the
nozzle intake opening 30 by the focusing lens 25 as
disclosed in Patent Document 1 above, there is a problem

in that adjustment of the focal point position of the

laser beam is difficult if the jetted liquid beam has a

small diameter.




that easily guides light to a jetted |iquid colum.
Means to be solve the issues [0004] |In other words, a
hybri d | aser processing apparatus according to claim
1 including a processing head;having a jet hole,
liquid supply neans for supplying the processing head
W th a high-pressure liquid, a laser oscillator that

oscillates | aser beam and_ | aser-guiding neans for
gU|d|r%PtY%?Wa%%rs%%%n96%%l?mat%@eU?r?%%nYa%%Yentlon is

T T N S e
BAAPLEE,bY oL LN e LW Gy e LECmL Ay,

|n the forn1of aliquid colunn and gui ding the | aser
beamto the [iquid colum "using the |aser-guiding

neapss ehapactenizedninitBaksan end of the optical
fiber is disposed within a passageway for the

hi ghepgaessure liquid in the processing head, and the

jet hole is positioned on an optical axis of the

| aser beantleartvedd$r om her opt leser fpberesEihgcapphratus
the invention EOQOS% According to the above

i aveardong s alpésullt ivrladingng §1r0t3ﬁé5é§9| bgpdf hpaing a
bei ng di sposed within the passa for

haaﬁ bPégsu#éqpeeu?&PPAYtW@aaﬁoéggsﬁﬁQPAYlﬁsa&hethe

of the og e made cl,ose. to tﬂ%éeﬂ

PBrett ek iraoRriouabhr g niRhs e et n g Y

oscillator that oscilliates laser beam, and laser-guiding
means for guiding the laser beam oscillated by the laser
oscillator to the processing head via an optical fiber,
the apparatus performing processing on a workpiece by
jetting the liquid supplied from the liquid supply means
from the jet hole to the outside in the form of a liquid
column and guiding the laser beam to the liquid column
using the laser-guiding means, characterized in that an
end of the optical fiber is disposed within a passageway
for the high-pressure liquid in the processing head, and
the jet hole is positioned on an optical axis of the
laser beam emitted from the optical fiber.
Effect of the invention
[0005]

According to the above invention, as a result of an

end of the optical fiber being disposed within the

passageway for the high-pressure liquid in the processing




irradiated with | aser beam so that |aser beam can
easily be guided to the [iquid colum. Best Myde for
Carrying Qut the Invention [0006] Hereinafter,
describing an enbodi nent shawg iLn the draw ngs,
Figure 1 shows a hybrid | aser processing apparatus 1
according to the present invention, the apparatus

ired sh b
hbtrng cFacep bSEC%E%tbg%gF%&ngg%%Fﬁﬁ% {Fr Brfisacapse to
'1'tlﬂg'cﬁ Ee%gng mLi § thEr{e Bp’a%gr Bro%%s%hngp%%@%ﬁ%%us
procesding ta Bport I ng

W@&k@ﬁ@g@ea watha$85er0BEhH a%ef tﬁa@scilals at b@gfnl RSB easily
beam L, a hi gh-pressure punp 5 as |i quid supply neans

fBE gheasdrtai Reea1lib@idco1geh as pure water, to a
hi gh pressure and supplying it, and a processing head

6 jetting the liquid toward t he wor kpi ece 2 in the
formof a liquid columm Wand guiding the |aser beam
LBEattHedbiQQtdCemkyﬁngvputnthhidhvbasébn gui di ng

means 7 guiding the laser beamL is provided between

t hBOP&ser oscillator 4 and the processing head 6. The
wor kpi ece 2 of thi s _enbodi nent may be a thin

seni cdMefRIR L Tf\%’Ferde%‘ﬁr’e}Bb&? ?%s?‘hb‘b‘éla!F%iHBrS]&own in the

anBOS|te terlah nS|st| S|n and neta
HERThaS.  Resthonli §PPHser BPBEaSs Ag appaPAEGS  B%can
f di,
LTIV R b BB S i,
PEEEESStRE EQE+SHE ENGo@kpiece 2 into a required shape by

guiding laser beam L to a liquid column W formed by
liquid jetting.

This hybrid laser processing apparatus 1 includes a
processing table 3 supporting the workpiece 2, a laser
oscillator 4 oscillating laser beam L, a high-pressure
pump 5 as liquid supply means for pressurizing a liquid,
such as pure water, to a high pressure and supplying it,
and a processing head 6 jetting the liquid toward the
workpiece 2 in the form of a liquid column W and guiding
the laser beam L to the liquid ceclumn W, in which laser-
guiding means 7 guiding the laser beam L is provided
between the laser oscillator 4 and the processing head 6.

The workpiece 2 c¢f this embodiment may be a thin
semiconductor wafer, an epoxy resin board or a composite

material consisting of resin and metal, etc., and the

hybrid laser processing apparatus 1 can perform the




drilling the workpiece 2. The processing table 3 holds
the workpiece 2 from underneath, and the processing
head 6 is nmoved in horizontal and vertical directions
relative to the workpiece 2 by_transferring means not
shown. Al so, the workpiece 2 may be noved by the
processing table 3. [0007] Next, the laser oscillator
in this enpodinent. is a YAG | aser oscillator, and

|Efr%%%8%3e?‘¥ W BV QEEFFRAL? OFFOBYE peld s2 DLEFRFEL PHnthe

h d
CRREREL Dk P LI BASFERShICe BRectising  PEESSH M ing or
qggif?lﬁ@yt@ébwg%g%iég bf adj usted. For the | aser

osci |l | ator aser sen conductor | aser, or

C2 | agRy Sﬁéslsaitrgg{ t % .3 %ld@%ﬂ@%f]!ﬁ@@éj ZOffrom
the YAG | aser oscillator, and if the |aser beamL

osedé had £ch hasn@ W%E@@é@slﬁ@thééd e@si s ymoabgoi hed
by water, such as that oscillated by a CO2 | aser

ds@rii@mtﬂl and | gerdithatdpoect yorabsoebst i he tasehe
beam L may be used for the liquid jetted by the
processter) heayl tBanThert bsernguisli mgt nelaeen 7 iMlcdaddshe

a condensing lens 11 that condenses the |aser beamL
o‘fé%lﬁ@ﬂa%% y"gnebe | Beerd 03 FratpFoassahed ahabpti éal
Hﬁﬁiaﬁz that guides the |aser beam L condensed by

t densing lens 11 up to the processing head 6. 6

Thi s %ﬁglca%he qaser ‘08 'f%g%o IJ‘ QHES émggﬁiment is a

YAG laser oscillator, and it can perform CW oscillation
or pulse oscillation depending on the processing, and its
processing conditions, such as its cutput or pulse
oscillation cycle, may arbitrarily be adjusted.

For the laser oscillator 4, a fiber laser,
semiconductor laser, or CO, laser oscillator, etc., can
be used instead cof the YAG laser oscillator, and if the
laser beam L oscillated has a wavelength that is easily
absorbed by water, such as that oscillated by a CO, laser
oscillator, a liquid that poorly absorbs the laser beam L
may be used for the liquilid jetted by the processing head
6.

The laser-guiding means 7 includes a condensing lens
11 that condenses the laser beam L oscillated by the
laser oscillator 4, and an optical fiber 12 that guides
the laser beam L condensed by the condensing lens 11 up

to the processing head 6.




configuration in which a central fiber core 12a is
surrounded by a fiber clad 12b, and here, the dianeter
of the fiber core 12a can be 10 to 200 m Al so, the
refractive index of the,fibergcore 12a is 1.7, and
the refractive index of the fiber clad 12b is 1.4,
and when the | aser beamL enters the fiber core 12a

The THSET BEal i LA ok 13 (RO oUbet B R Ts 2
L e: | t fl ' t,.the b .
hetvesn Thor o Bar *hErs SoREEheT Bl herSEF okt T ob
0,

3008L. Sescel i be biguossh oot oreh s Bl o

hehd bypetheotLansfersing."egns, sobiagr flange 22
securing the optical fiber 12, and a jet nozzle 23

havi ntlasd ettHwl e f 24 0re j @idd:nd A dH Ul ool asire W2a is
In the housing 21, a flange holding portion 2la

hbl di ngnd heh¢ i befrétahge 22deandf athezgikehotdadglZb is
portion 21b holding the jet nozzle 23 are formed, and
al 1§ quard %%%%a@%ﬂagaigri eapr heenbetsekhe t Aeberangee 12a
hoIdiggaogortion 21a and the nozzle hol ding portion
Ap, 2 Ple A9 67 RENPFRRRACHi Bhe pFesdemelpinpessi 1, the
cponnected to this |iquid passageway 25 to supply a,

EOR: pridStlk 17 quiESH e TRE DT Pane 23 RoRGI Bt Ehbte
8 Oyl 0L Cale o POFLEODC 278, DL ¥erQPLLER!
flﬁ%r 1_,éand % _%%ang% p%?t?%ntggbégg?g%g%d?%gw?%g the
Cylpddréad PPLtAQA the fiber clad 12b.

(00081

Describing the processing head 6 using Figures 1 and
2, the processing head 6 includes a housing 21 held by
the transferring means, a fiber flange 22 securing the
optical fiber 12, and a jet nozzle 23 having a jet hole
24 for jetting a liquid column W.

In the housing 21, a flange holding portion 2la
holding the fiber flange 22, and a nozzle holding portion
21b holding the jet nozzle 23 are formed, and a liquid
passageway 25 is formed between the flange holding
portion 2la and the nozzle holding portion 21b, and the
afcrementioned high-pressure pump 5 is connected to this
liquid passageway 25 to supply a high-pressure liquid.

The fiber flange 22 consists of a cylindrical

portion 22a holding the above optical fiber 12, and a

flange portion 22b surrounding the cylindrical portion




22a, and the cylindrical portion 22a is fornmed to have

an external dianeter conformng to the dianeter of a
through hole of the flange holding portion 2la. Al so,

the flange portion 22b is adhered to an upper surface

of the flange holding portion 21a, avoiding the

l[iquid in the liquid passageway 25 from | eaking froma

ggE bet ween the through hole and the cylindrica

pGFEr oAN9238e RYEANGEGT Mo PeLtE oo Pred Tdpkaraiey &g have an
downwar dl.y ..n he center qf the fiber flange 22, an
tﬁétgﬁpﬁéaglﬁpﬁgﬁr f?nﬁggg%ggtﬁPoﬁéﬁ Fﬁ§m€ﬁ%6U§% ﬁoﬁgrough
f t er:+Si : r. side, the tip of the
o%??%ap%f#@grff%h%%pgggﬁé%%ikgﬁﬁéoﬁiggﬁd passageway

25. Thﬁlg&PeEhélggaﬁaQ 969£§85iQ?bu9§6595¥rgggFoaﬁa upper

downwar dl y beyond thé cylindrica portion

t Bareykendri edk PALHGRN 33 iAke patyahl v 1ahonded @R he
adhesive B. In this enbodi nent, the fiber core 12a of

t hequapt ieakhki heguld paejsagtkwayg dowiwakdlyakeyond rote a
cylindrical portion 22a further projects downwardly
bepentetheehi bbe thadugkbhotliee ahidbéheceoyd ib2a ilpeilngortion
exsosed in the |liquid passageway 25. The | aser beam L,
wAFéh has been guided while being repeatedly

reflected at the boundary between the_fiber core 12a .
and the FRERRIR| Baleops %@fﬁﬁgoUPﬁﬁéﬁ%éd?Vd ferrdgrddy in

o ghe-hgAcey Rt et e et CoLe IR and LIS e
1%9 bg@@ég EH?OL%B Qgézkﬁr%%gh hole from the upper side to
the lower side, the tip of the optical fiber 12 exposing

in the liquid passageway 25. The fiber clad 12b
projecting upwardly and downwardly beyond the cylindrical
portion 22a, and the cylindrical portion 22a are mutually
bended by an adhesive B.

In this embodiment, the fiber core 12a of the
optical fiber 12 projecting downwardly beyond the
cylindrical portion 22a further projects downwardly
beyond the fiber clad 12b, the fiber core 12a being
exposed in the liquid passageway 25.

The laser beam L, which has been guided while being
repeatedly reflected at the boundary between the fiber
core 1Z2a and the fiber clad 12b, is also repeatedly
reflected at the boundary between the fiber core 12a and

the ligquid, and is emitted from an end of the fiber core

12a toward the jet nozzle 23.




- 8 In other words, conparing the reflective index of

the fiber core 12a and that of the liquid, the

reflective 1index of the fiber core 12a is higher

(pure water: 1.33), so that the |aser beamreflected

at the boundary between the fiber core 12a and the

fiber clad 12b is also totally reflected at the

boundary between the fiber core 12a and _the Iiquid.

[ 0009] ITTigd hafroMérastti G detnhddA eefd g ige 1ndex of
cylindrjcal nenber with the je ol e, 24 provj ded a .
TS e G eSSt el Ure gbrai P b S Lective
t he terial, thereof, and the,jet. nozzl fi i nt

2 THISUGH ndle T Bhe T Hoon &) frdde piitebn £33,

21@ thé@et\l?ufég T hfefféc@@éi ea@%lb@%@déc?%gi ki%tween

a
i nclined surface 24a, orned on the optica

Sigdee NAVANG-Sdi BRI SNq NRErPVhEY LoN@I bt Nes also totally
wor kpi ece 2 side, and a second inclined surface 24b,

f or ek € @564t 1 thd NEo WA XPY e6€t weed hélile thebét rsére 12a and
i nclined surface 24a, having a dianeter w dening

t ower dL tdpeidwr kpi ece 2 side, and at | east the first
inclined surface 24a of these is mrror-finished to
sel®¥&0%k a | aser beamreflection surface. The liquid
fromthe liquid passageway 25 flows into this jet
hol e 2£hea@&qquwrtfcbolwwalse j%t tiey @ t@oéldrfuﬂlflﬁ@l

kpi 2 at._the, bound t the first
{TETTHEG S0 ahe UL oML 1T SRROPETACT bt sGPEEE nd

gﬁ%%%&%”égsigkegﬁtgrtgglgifgﬁﬁgédoéoéhghgjﬁéggplal thereof,
and the jet nozzle 23 fits into a through hole formed on
the nozzle holding portion 21lb of the housing 21.

The jet hole 24 has a first inclined surface 243,
formed on the optical fiber 12 side, having a diameter
narrowing toward the workpiece 2 side, and a second
inclined surface 24b, formed closer to the workpiece 2
than the first inclined surface 24a, having a diameter
widening toward the workpiece 2 side, and at least the
first inclined surface 24a of these is mirror-finished to
serve as a laser beam reflection surface.

The liquid from the liquid passageway 25 flows into
this jet hole 24, and the liquid column W is jetted

toward the workpiece 2 at the boundary between the first

inclined surface 24a and the second inclined surface Z24b,

that is, with the diameter of the minimum diameter




9 portion. Here, the dianeter of the m ni num di aneter
portion can be 30 to 120 m At this tinme, what is
called an air pocket is forned by the second inclined
surface 24b around the jetted gliquid colum W so
that the liquid colum Wreaches the workpiece 2

W thout diffusion. Since a termnal portion of the

fiber, core a of _.the, optical fi r 12 i.s posjti oned
P o MR e g A 3 38 S RO
i nclined qggfqgg § positi on has been adj usted

4
sdp?%%&o?he T aser %2%%:£§%n¥Tted fromthe fiber core

12a entper s ke dingi die! um c WiRld efn idi 4 Sdafdect €% ormeq
on the first inclined surface 24a. The |aser beam L

erpy tigtk feomideidé DEfic§0s€ridese 2PONa LHLER | et L ted
l[iquid colum W is repeatedly reflected at the

boungary detweenit heo |l tlgut dtlaadl 1dei @i colamtl Whedaches the

reaches the workpi ece 2, processing on that workpiece

bei migkiperfordred, tROOL0Ji £ Ass descri bed above, the

hybrid | aser processing apparatus 1 according to this

enbodi FERCE Bhd ofngeyale dgragrt ifpn dis Hhexdd dar tdverd o of

flange 22, and_the tif thereof . is exposed in the,

Ii%ﬁﬁ PR elye D5l ol BePRFBSECRF t He thetVieteiby of an

of the jet nozzle 23 kKing,it, ppssjble.to asi

QUIRRET 1Y dR8rE HRB T " HEFT ot BT 292, the

otfiar; words, %*1? A0sL &4 00 OF éclt;‘etlﬁé theediB8Lar 1

core 11‘&;%6 rraya e %Ieternjned so tha %phgl? as%sr %gtgrr?m

ettt d from the fiber core 12a enters the liguid column
W after it is reflected on the first inclined surface 24a.

The laser beam L emitted from the fiber core 12a,
upon entering the liquid column W, is repeatedly
reflected at the boundary between the liquid and the air
and then reaches the workpiece 2, processing on that
workpiece being performed.

[0010]

As described above, the hybrid laser processing
apparatus 1 according to this embodiment, the fiber core
12a is fixed by the fiber flange 22, and the tip therecf
is exposed in the liquid passageway 25 to be close to the
jet hole 24 of the jet nozzle 23, making it possible to
easily guide the laser beam L to the liquid column W.

In other words, the position of the tip cof the fiber

core 1Z2a may be determined so that the laser beam emitted

by the fiber core 12a is reflected on the first inclined




by the fiber core 12a is reflected on the first
inclined - 10 surface 24a, thereby nmeking it possible
to easily guide the laser beamto the |iquid col umm.
Al'so, the optical fiber 12 maygbe fixed to the
processing head 6 using the flber fl ange 22, so that
the configuration is easy, and as a result, the

hybr | as processi ng apparatus 1 be downsj zed,
IR 9E Hls PTer ety bR Ret o ep?%swaﬂr OHRreEDetE Byide
thta}{e al@é"& beé:nlflrége{}ée & &Pg r%uratl on i n whi ch
he ~ processi hg head X e processing head

6 usi ng,) e tfHeb%{pﬁcfel g%l%eam L?rbé{;%eoq%_%écprﬁ the

irradiated 'with aser one ficult to

shiddcedtnd heeadP0sidd iy hatse bepreSetasge tIAL 44 £8at the

possible to perform processing on the morkplece 2 by

moe i g lhes P IC eSS i sy heatld Gas Therdsbetr, coie Hderid laser
projects closer to the jet hole 24 than the fiber
Clrbd2p irayambangatie 1icpi doé ndavresizeduirdbking it
passageway 25 from being hindered by the fiber clad

1P I7dMd onitrnifaotere jetatholewed cgoaipy that amount.
Meanwhil e, in Patent Docunment 1, it is necessary to
condens”élrgfuearwreaeémet &Oﬂ%%réﬁé{o@r igy whiGhyfing

e R LR S B v

U PR 1521 AL DR i

CQﬂQ?W%%éf“beam L become difficult to shift once the
position has been set, so that it is possible to perform
processing on the workpiece 2 by moving the processing
head 6.

The fiber core 12a projects closer tc the jet hole
24 than the fiber clad 12b, avoiding the liquid in the
liguid passageway 25 from being hindered by the fiber
clad 12b from flowing into the jet hole 24.

[0011)

Meanwhile, in Patent Document 1, it is necessary to
condense a laser beam to the diameter of a liguid beam,
requiring a high-precision light-condensing means, which
results in the hybrid laser processing apparatus having a
large size, and also being expensive.

Furthermore, since it is necessary to condense the

laser beam at a high precision, if the processing head is

moved during processing, the optical axis of the laser




| aser beam at a high precision, if the processing head
is noved during processing, the optical axis of the

| aser - 11 beam and the axial center of the jet hole
will be msaligned, which may result in the | aser
beam not entering the liquid Bean] so that it is
necessary to nove the workpiece using the processing
table. [0012] The first inclined surface in the
erfifodt et thdestridedcdbre daythre eteyrelririhl e

urface in parallel to the direction of the optica

flnﬁe"‘ra ned, i gna ¥ re;%ulpto§sr; bqut]daQﬁl? ? 2V r@?ﬁ de
th | t d
R SR 3?851‘% 4 SR L D ssary to move
h th
ﬁ%&@%ﬁoré§T§%§H%Q§% osed é%%§$ﬂ%uf%&%§og?OJ;c$|ng

i trg ond the fiber clad 12b it is also possible for
the tip of the fiber clad 12b to have a narrower

di amet ghea$irst iihcalioser e jiof drel emdbdinrsitead
of the fiber <core 12a projecting beyond the fi ber
clath d2ihed midwosandades,a thel iradeicdeasntfoan e parallel
reflected at the boundary between the fiber core 12a
and tthee fdberct drado A 2theimptidal ricdedesathe et ofilso it
the optical fiber 12, and the liquid will not be
hllr‘?dé?@cﬁlﬁ%/lq He® fqb@i‘c%lﬁédg‘i%%e Fhrom 3TN }?fbafi‘ nidte hghe
. hol e 24 The a ve enb I ment descr.i be

priokeHed Lapat TTHP RN Tt ofnelined
subspgate et c.

surface’

Furthermore, in the above embodiment, although the
fiber core 12a is exposed in the liquid by projecting it
beyond the fiber clad 12b, it is also possible for the
tip of the fiber clad 12b to have a narrower diameter as
it is closer to the jet hole 24, instead of the fiber
core 1Za projecting beyond the fiber clad 12b.

In those cases, the laser beam L can be reflected at
the boundary between the fiber core 12a and the fiber
clad 12b until it reaches the end of the optical fiber 12,
and the liquid will not be hindered by the fiber clad 12Zb
from flowing into the jet hole 24.

The above embodiment describes a processing
apparatus for cutting a semiconductor substrate, etc.,

but the present invention can be employed in laser

therapy equipment.




but the present invention can be enployed in |aser

t herapy equi pnment. 12 - Brief Description of the
Drawi ngs [0013] Figure 1 is a configuration diagram
of a hybrid |aser processing gpparatus according to
this enbodinent; and Figure 2 1s an enl arged
sectional view of a processing head. Description of

Sypbho 0014], 1 hybrid | aser processing apparatus 2
moggb%gcgéﬁcf%é%}o%s%¥lFg?opragfﬁgﬁh-pressure punp 6
prg@@§§'ng head 7 | aser-guiding neans 12 optica

fiber 12a fiber core 12b fiber clad 23 jet nozzle

24 | et fhohgL24a ifd rsted !neadc f o 4h sec :

i ncli nedesurface 25 CI irc{q%d pasl?zi{gecg\l/;a%ﬁ ioqﬁiad%ﬁl%
laser processing apparatus according to this embodiment;
and

Figure 2 is an enlarged sectional view of a

processing head.

Description of Symbols

[0014]

1 hybrid laser processing apparatus
2 workpiece

4 laser oscillator

5 high-pressure pump

6 processing head

7 laser-guiding means

12 optical fiber

12a fiber core

12b fiber clad

23 jet nozzle

24 jet hole

24a first inclined surface
24b second inclined surface
25 liguid passageway

W liquid column

L laser beam




L | aser beam- 13 - CLAIMS 1. A hybrid |aser
processi ng apparatus including a processing head
having a jet hole, liquid supply neans for supplying
the processing head with a highypressure liquid, a

| aser oscillator that oscillates |aser beam and

| aser-gui ding neans for guiding the | aser beam
oscillated by the laser osci]lator to the processing
head via an optical fiber,qﬂ%§M§pparatus per form ng
processing on a workpiece by jetting the |liquid
supplied fromthe liquid supply neans fromthe jet

ol e o, he:aul slded D JOn ol dd A d sl o

and guiding the | aser beamto t qui colum

t her d T Frgyli g 19 HERR: shagpoterd zegd; i gt n

of the optical fiber {hs;g di tsh’é;)@bsed@IV\(AJ'J't ﬁiijjh(klgld p%@é%&mﬁ%gms
f ofoxt Fenrp Ighty esairerddaRt thg Méde WIaees i fgh-Headkure
and the jet hole is positioned on an optical axis of

t He- Juishr darmeani aseidl Fatomn tttestopds cial 1 fideriafer Theam,
hybrjd | aser processing apparatus according to claim
1,an(54n TerdAeH Nch mevdts threr optiidsialg fileerl drasr deam

confi.guratipon in which a fiber clad surrounds an
s a%eﬁgﬁypﬁé}%/ G eF 19356l Igdice, tendhehefadrersing head

extern

cQre RLOj LG bey.ond the fiber clad, making an end of
thé f%@éfﬁgﬁiglbg%QEFbser to the jet hole than an end

g;pgrgfﬁébg%ggkggﬁangI@Srﬂxgﬁigrggéggi goggsaiugrkpiece
by jetting the liguid supplied from the liquid supply
means from the jet hole to the outside in the form of a
liquid column and guiding the laser beam to the liquid
column using the laser-guiding means, characterized in
that
an end of the optical fiber is disposed within a

passageway for the high-pressure liquid in the processing
head, and the jet hole is positioned on an cptical axis
of the laser beam emitted from the optical fiber.

2. The hybrid laser processing apparatus according to
claim 1, characterized in that the optical fiber has a
configuration in which a fiber clad surrounds an external
periphery of a fiber core, and the fiber core projects
beyond the fiber clad, making an end of the fiber core be
closer to the jet hole than an end of the fiber clad.

3. The hybrid laser processing apparatus according to

claim 1 or 2, characterized in that a laser beam




claiml or 2, characterized in that a | aser beam- 14
reflection surface is forned on an internal periphera
surface of the jet hole, and the | aser beamenitted

from an end surface of the optjcal fiber is guided to

the liquid colum after it is reflected on the |aser
beam reflection surface. 4. The hybrid | aser
proc§§3|n$ tus according to claim 3,

ch&F acterf22d ?ﬂ%tl?h OFBedr OBedn FRFFERE] oferipheral

| f th .
nartEEFeg of 3&%? D Eher bt kpreteth, LiREr (HETT ehbipd £rom
Pr s essd NG, APPAL aéﬁz%ﬁgc Qié‘gltf’l?é!: A M4y ded to. o the

characterized in t second i nclined surtface

a Xi Qe efo Wil N Pige £ OVRT fs t AEF WOL KD e&r? fﬁefPég@P beam

cl oser to the workpiece than a m ni num di anet er

pardflgrt 0in therfacd | ned surface of the jet hole.
4. The hybrid laser processing apparatus according to
claim 3, characterized in that the laser beam reflection
surface is an inclined surface with a diameter narrowing
toward the workpiece.
5. The hybrid laser processing apparatus according to
claim 4, characterized in that a second inclined surface
with a diameter widening toward the workpiece is formed

closer to the workpiece than a minimum diameter portion

of the inclined surface of the jet hole.




