- 1 - SPECI FI CATI ON HYBRI D LASER PROCESSI NG APPARATUS
Technical Field [0001] The present invention relates
to a hybrid | aser processing apparatus, and nore
specifically relates to a Hhybrid | aser processing
apparatus that jets a liquid from a jet hole to the
outside in the formof a liquid columm and gui des

| aser beamto the |iqui kground Art
SRCbE T A2

[ 0002) Conventionally, aser processing
apparatus including a processing head having a jet
hole, liquid supply neans for supplying the

processi ng headpmibhr,AsERi GROOE ESBIE enbbARAEysa | aser
oscillator that oscillates |aser beam and

| aser-gui ding neans for guiding the |laser beam
oscillated by the laser oscillator to the processing
heeehviea hnFoptdcal fiber, the apparatus performng
processing on a workpiece by jetting the liquid
sUppPikd fromthe liquid supply means fromthe jet
hole to the outside in the formof a |liquid colum
and gﬁqﬂlﬂf%QﬁPt %ﬁ%ﬂHQﬁﬁﬂnﬁﬁiﬁqﬁ§Ianﬂ(Pxﬁﬂ%ﬂniQEﬂﬁ@
t e | aser means has been known.

F T T P P bR ! dbes ﬂ%@l%l%mﬁew%sto a
%y@lsle& Pae&g'} Oﬁf&éésaélergg bélppara Suesr £ atto Jets a liquid from

a jet hole to the outside in the form of a liquid 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
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 has been known.




nozzl e bl ock 43 using a beam guide 6, and al so gui des
the laser beamto a liquid beamjetted froman nozzle
i ntake opening 30 as a result of a liquid being
supplied to the nozzle block,43 using a punp 17 has
been known (Patent Docunent f). In this patent
docunent 1, a |aser beamirradiated fromthe beam

gui de 6 reaches the nozzle block via,a collimtor 21
and a FOCULTG? | RAST P8, 1 ap@r t RECF 232N heaha Edhdensee

b f ' I h h i nd 36 d
e S RS

e _int a 30 ' i
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Pubkbeabean 06 2l ntguRat henal sEatent s ABR! LraLb921 N0 ntake
10- 500903 Disclosure of the invention |ssues to be

sop¥ednyy3vhesi avestsi08 of08038} qhoweNet ngWeePplNBd to the
| aser beamis condensed on the nozzle intake opening
30obyléeheldokusBngsiegsa2pump 1di Bekosedni kinPahenbPatent
Docunent 1 above, there is a problem in that
abdpograent 1bf the focal point position of the |aser
beamis difficult if the jetted liquid beamhas a

smal | i difetereatent deswient LSuch b digan herradiated
pgesent i nvention, i intended to provide a_ hybrid

I

§%?_b?%c%%%Tn%?%%%a?af%@Ch?ﬁth%agPF?l%upﬁ%gklV@ﬁta
tgoﬁliﬁéégg ﬁiqgﬁg go%ggHSing 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 Né. 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.



Means to be solve the issues [0004] In other words, a
hybrid | aser processing apparatus according to claim
1 including a processing head having a jet hole,
l'iquid supply means for supplying the processing head
with a high-pressure liquid, a laser oscillator that
oscillates | aser beam and | aser-guiding neans for

guidinthhe | aser beam oscjllated by the | aser . .
osci | | &t o¥18% PheSPpridcReel hghellee iPse e optitetion is

fi. t.h t i [ ,

m;l)? brded Eyagﬁé‘%?ﬂﬁéa?ﬁ%?ﬁﬁh?88%%8%??3'89?}8& fREaratus
!tHthe§HEE Y 5UPARS 155991£pea1$gtg8561 9uihe gyl side

in the for o? a [1rqui col'um-and gui drng t he I'aser

beamto the Iiquid colum wusing the |aser-guiding
nmeans, characterized in that an end of the optica

fitbensi sodbspesede W hBi Rsgdupassageway for the

hi gh-pressure liquid in the processing head, and the
jetO@d ke is positioned on an optical axis of the

| aser beamenmtted fromthe optical fiber. Effect of

the i nvemtlor Yoods] Advdrdidglasert ereadeeming apparatus
invention, as a result of an end of the optical fiber
bRFAYTdi Bpoked hrini h iheluphsgagemagceadsingehead having a

high-pressure liquid in the processing - 4 head, the
eﬁ%pogofﬂe gbﬂ?&%ls?PB%Y BeA"Pel ARdRURPbEENY othehe j et

0L TP b A S S bR PP LA Bt i
e@§él¥lator 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 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



be guided to the liquid columm. Best Mde for Carrying
Qut the Invention [0006] Hereinafter, describing an

enbodi mrent shown in the draw ngs, Figure 1 shows a

hybrid | aser processing apparatus 1 according to the
present invention, the apparatus cutting a workpiece
2 into a required shape by guiding |aser beamL to a
Igg%#P col um VVforned by . liquid Jettln This hybrid

& a%%&a%e%%&%&k Jegssiclgse to

t th K .
oscﬁ Ija ogp ogslér}n lﬁqeﬁ\én{efge’?%@e%ﬂjﬂmtascﬁ{ RIS &40 e

pli'magll%steld Wtqn Sllé%%lry HE%‘}PS fortl'%r B 'LZIbre%m can easily

| i qui such ‘as pure water, to a h “préssure

SyRPlyiREd to gygjﬁ3¢g§§e§§hmglhead 6 jetting the
liquid toward the workpiece 2 in the formof a liquid

colum Wand guiding the |laser beamL to the liquid

colum W in which |aser- guiding neans 7 guiding the

| Bsert beam Lfors Qarrawiiced Oultettwee i nviea tliaser oscil | ator

4 and the processing head 6. The workpiece 2 of this

erfl9@ditdent may be a thin semiconductor wafer, an

epoxy resin board or a conposite material conS|st|ng

of reslifrahBafbesr, deseribang epecmhgpinentagbpwn in the
pr.ocessi ng %gparatus 1 can performthe - 5 processing

SFaHﬁ89ﬁd| IRIGr JoPEOHS & ?dPFé@eléﬁthQr°W§ﬁﬁ6P§ce

tﬁgpara%g:éggnf%% %&oce SIQ%ef%Ee%%% 1 ventlgatllhng

apparatus cutting a workpiece 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 column 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 of 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




The processing table 3 holds the workpiece 2 from
under neat h, and the processing head 6 is noved in

hori zontal and vertical directions relative to the

wor kpi ece 2 by transferring_mgans not shown. Also, the
wor kpi ece 2 may be noved by the processing table 3.
[0007] Next, the laser oscillator 4 in this embodi ment

is a YAG Iaser oscillator, and it can perform CW
o®&Pressiies fer §Gp§édd§8|PI&FP@HGdéﬁeﬁdﬁﬁ§féﬁetﬁé the

di di,t
%ﬁ%&%m@%ﬁ%%%@%gﬁmw
aBEIE&§BI|¥h%ew%% ? % For the | aser oscillator 4, a

["aser sem cgor | aser, or 002 | aser

OSC'llﬁﬁngrSE§551ﬁ nta?@eu§egoi8§t€ﬁg 95rk5§e3€&§ from

| aser oscill ator | aser beam L oscill ated

hagda rwavehenahly kthat proceasiihy nahsorbed hyvwat en,
such as that oscill ated by a 002 |aser oscillator, a

| hguiidohRatl peer ke rabisenbsiirbetliaser rbeamike moy the

used for the liquid jetted by the processing head 6.

Therkasercegdi thyng meafer? ingc hedes aotostemsi.ngAlens the

11 that condenses the |aser beamL oscillated by the

| 49&KPaSEr| Parmgy e awdednbyptheabroickesing thakile 3.

guides the | aser beam L condensed by the condensing

| én8971 up to the processing head 6. - 6 This

optic be as_shown gure 2,. has a . .

cont | GUFAET ohTrl BRFERCAC LRhTFar Fi Bar thby celagiigent is 2
YAG laser oscillator, and it can perform CW oscillation
or pulse oscillation depending on the processing, and its
processing conditions, such as its output 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 of 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 liquid 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.



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 fiber core 12a is 1.7, and
the refractive index of the figper clad 12b is 1.4,
and when the | aser beam L enters the fiber core 12a

at a proper angle by neans of the condensing l ens 11,

the | to th 'ng_head 6
uni o TPoBeAPEREtof APCFerPectPon alh L kG BORNEArg: has 2
b 2 th |

[%%E‘S%?GUBE&&%?% s PoRstitay Rek Q?C&%. ﬁ32 fi gires

1 sardoulddebn®P1R0¢833 NG 1head 26, '@%huﬂ%§ea Qﬂ%sﬁg%m%{er of
held by the fransferring nmeans, a fiber flange

SQﬁ@rEﬂgekh%or%pﬁQ%aban'%%rl@ztoaQ@Oauhet nOZZ|e 23
having a jet hole 24 for jetting a liquid colum W

I n theAhsosi hige2tefaatt angeihaddi 6f pRetfove2léore 12a is

hol ding the fiber flange 22, and a nozzl e hol di ng

pér /i oand2tbhehakdiragttiNe peﬂenozilehESfaberfadadeZQnds

a_liquid passa 25 is fornmed between the fl ange

hélévn@“deP?Po%hgl agRd Pﬁémnézzpéeﬁélﬁhﬁgfﬂbﬁﬁléﬁre 12a
E and the grenentloned hi pressure punp
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[0008]

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 liguid
passageway 25 is formed between the flange holding
portion 2la and the nozzle holding portion 21b, and the
aforementioned high-pressure pump 5 is connected to this
liquid passageway 25 to supply é 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



external dianeter conformng to the dianeter of a
through hole of the flange hol ding portion 2la. Al so,
the flange portion 22b is adhered to an upper surface
of the flange hol ding portian-2la, avoiding the

liquid in the liquid passageway 25 from | eaking froma
gap between the through hole and the cylindrica

' 22a. A th h le is f d, dl d
Do e ARSI fened ot dt a0 o
[ [,.fi h I
s ompiSaly b, 1298555 IEOVED LSRR hokesougr

oplheab £f iRer 12y %%1%9ngigokﬂ§oki9§%q passageway
25. The fiber clad 12b projecting upwardly and

downwardsy, beyendibhgeCcybir-fbhcaby portbr8rddatoalfl upper
the cylindrical portion 22a are nutually bonded by an

adhesive Bf kthet Hlangrbodilenyg, pbheibnbenagoseoiddnaf the
the optical fiber 12 projecting dowwardly beyond the
cylibnddi ¢al tper tliomizR pafweigkenypLd) écos dewmiagdIfyom a
beyond the fiber clad 12b, the fiber core 12a being .
efpdseatiraenhéhie dhireughs Sedewapd2sheThy 1iasad cedaportion
whi_.ch has been gui ded while being repeatedly

réfPected at the boundary between the fiber core 12a

and, e LARELE! 314200 HReRHICuDORERLFThte AEUATELEY oo

a%ggigﬁg?ggthg ?g%tEgg;%;%géaa?egg,ognhh%hgigﬁ%iggﬁefiber
12 passes through the through 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
bonded 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 12a and the fiber clad 12b, is also repeatedly
reflected at the boundary between the fiber core 12a and

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

12a toward the jet nozzle 23.



In other words, conparing the reflective index of the
fiber core 12a and that of the liquid, the reflective
i ndex of the fiber core 12a is higher (pure water:
1.33), so that the |laser beamreflected at the
boundary between the fiber core 12a and the fi ber
clad 12b is also totally reflected at the boundary
between the fiber core 12a and the |li

id.,§0009& £
The afBPeﬂEH?FoHEHdFetCﬁ@E?Fé”?Bt g & y??EH Pcafee® ©
§ngkrggge ?§g|h0| &%ﬁ pr%VE%%dlﬁgulds %%%t%rflectlve

i's used He nater

“1% f o g%% e d et o’zl%zg'z% %% i lyRelrnY uiiet Wa%&h 1.33)

hole orne the no hol di ng port| n 21b of the

hQusicRg t21heThe de§t e e 1RR3 ed Git! $hel BSNdREy between
surface 24a, forned on the optical fiber 12 side,

haWend idedi 20Riern 2 aNANOWHRY figaar ¢lkbke 18er Kpi @dec2 totally
side, and a second inclined surface 24b, fornmed

Clrefarectted he workpicecela?y teawetelne thier $tibiercldored 12a and
surface 24a, having a dianeter w dening toward the
wdihiepilécwi2.si de, and at |least the first inclined
surface 24a of these is mrror-finished to serve as a

| d980%eam refl ection surface. The quuid fromthe

| 3uldypassgeay, 25 Ll g b 10133l €4 0L Buceds

e P Rl i
s%%lkﬁ%s%'%@QET’dy:ddra'ﬁéﬂdﬁé@ Qb%”%%%rmat%rlal thereof,
and the jet nozzle 23 fits into a through hole formed on
the nozzle holding portion 21b of the housing 21.

The jet hole 24 has a first inclined surface 24a,
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 24D,

that is, with the diameter of the minimum diameter



portion. Here, the dianmeter of the m ninum 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 jettedg ldiquid colum W so
that the liquid colum Wreaches the workpiece 2

W thout diffusion. Since a termnal portion of the

fib 2a of . th I £ ' ti d
RSSOl ci Ry 7 of i BB EeRl por (T oRUBrYc RboPEr et

I f 4 It h b d d
' %fkq?%t%é5|%%Er%bignﬁ%%eﬁﬁﬁféé'?Pon?fhee?PbZrJEiﬁi

12a enper sntBechihgui gngel uancaWMaht sh Liri SotRbEeckedormed
on the first inclined surface 24a. The |aser beam L

emyt tee keednthenkilberedceie rh2a, 2upoarenhear ithg tketed
l[iquid colum W is repeatedly reflected at the

bdundady chétweew,t ke Itihgut dhend igle dacoluandWt teaches the
reaches the workpiece 2, processing on that workpiece
beiorgrpectolmed thpoo10l ffAs idescri bed above, the

hybrid | aser processing apparatus 1 according to this
enbodlﬁéﬂﬁe @héermb@alc@péthzaofsthexéub%y @ﬁéefﬂ%érof

nge 22, %%he tip.thereaof  is exgosed in th
&|8pﬁé§§ gé §r262t63b806P6§8“F8 t thFeFlﬁ6PétZ4Of an

of the ety nazz l.e 23, pos I easi L,y

b BOEF Boain TS ehash &afilnsﬁuﬁﬁr%fCFn24ar the
OEE% t%@%dﬁast%% ROSI, u%% of Eh%h%kptﬂé 488l BRGLm
core 12a may be det er ed s6 that the |aser beam.
elhtitedd @Yohh%hé|@@be%oﬁ%rEZQZbSeﬁ%@&@ctﬁg 93 quRe column

first inclined
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 thereof
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 of the fiber

core 12a may be determined so that the laser beam emitted

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



- 10 surface 24a, thereby nmaking it possible to
easily guide the |aser beamto the liquid colum.

Al so, the optical fiber 12 may be fixed to the
processi ng head 6 using the-filper flange 22, so that
the configuration is easy, and as a result, the
hybrid | aser processing apparatus 1 can be downsi zed,

meki pg. L4 _?@;S'Fak?e '?it” o%?ssﬂ)l “@feacs%ﬁf bY; de

t hat anount I'guration in

th@ne pIé’é—‘@ﬁ%@&nh@@dt}@e'Plé 4 #ed-d Puddhe processing head

6 using the fiber flange 22 nmakes the position

i rradi atied Withe ddta d=aserideeamol g o rdixkld ¢ teHeo
shift once the position has been set, so that it is
passady s oy pesddrén u Pl og esise NP s thleanvgy Kol ,ecs Z2Hyt the
nmovi ng the processing head 6. The fiber core 12a
projrelctaicd oiser o 4dmy ) eindde a 2Zediian tthee fliderid laser
clad 12b, avoiding the liquid in the liquid
pas%WQ?HR%Wﬁbdé’? ng FRThdes P taRd f insdeing | dd

12b frq&gilom&@gilnto the jet hole 24. [0011]
i i HrRC inentat, 19vey sccrﬁet&eésvartmfo amount .

d | b t t di t f
beam | TEQUETTRGCA. RTGh STage o T grie. BhEenSr g
héa%sué t 'ﬂ)&&? fy {4 ;J sbﬁrngf%sesal&]% using

apparatusrﬁQV|ng a arge sl ze, and ‘al so
xRNt (MR r FUTLANRY MY Gnai&d Noghd thd S NRGESISH M il ed with

condense the |aser beamat a high precision, if the

prigeesisigeg heath i1S 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 to the jet hole
24 than the fiber clad 12b, avoiding the liquid in the
liquid 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 liquid 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



noved during processing, the optical axis of the |aser
- 11 beamand the axial center of the jet hole w |l
be msaligned, which may result in the | aser beam not
entering the liquid beam so {hat it is necessary to
nove the workpi ece using the processing table. [0012]
The first inclined surface in the enbodi nent

descri bed above nay be a cylindrical ﬁ
paFaM epd FBetﬁéléﬁréépFSH 8f the 66F|g8 ebeéE 8%i s,
d_al [ bl e he |
Bae B e YUl Yc P whSUE F8PFecPraR Bact he
f%@%grlﬂﬁtkﬂ%d11§HEEaB%amEUEBh%B§9r%t %Q BE%e§Q8¥9 to move

al though the "fiber core 12a 1s exposéd in

t@ﬁe'hg%kglgﬁepﬁ%h%%tkﬂg FEOCQ%%QH@ the1ti ber clad
b, is also possSible tor the tip of the fiber

cladllgb to have a narrower dianeter as it is closer

to the jet hole 24, instead of the fiber core 12a

pr oj ecThagfbeyonidnthénédbsurtbhad 1i2bthénembodemeases,

the | aser beam L can be reflected at the boundary
beeween beke abolyer meor bel2acaddndiré chilbeprfecgdinzparallel
until it reaches the end of the optical fiber 12, _and

t ke whauﬁarWFKPOﬁopfbéhﬁuﬁ@é#§a1b§lbﬁé prBEr @PSdaisp it

f fl th t h
ea%gbpﬁgw% geégroﬁé§%ﬁh§r883§§lﬁﬁe lﬁﬁﬁfagﬁgmf6pto the

Cgtébgg co%%glc %%%h%rr%%qz %@%g’oﬁt%he fqggttQQClined
présent i1nven i 6 can bé e ed i'n laser
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 12a 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 12b
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.



therapy equipnent. - 12 - Brief Description of the
Drawi ngs [0013] Figure 1 is a configuration diagram
of a hybrid |aser processing apparatus according to
this enbodi ment; and Figure 24 s an enl arged
sectional view of a processing head. Description of
Synbols [0014] 1 hybrid | aser processing apparatus 2
WO Lec scil]lato 5. hi gh-pressure punp 6
pr%ggégiﬁ%éﬁégéggoﬁaégrgﬁﬁi f%ﬁlﬂ% ns 12 optica
fip@glgﬁa fiber core 12b fiber clad 23 jet nozzle
24 jet hole 24a first inclined surface 24b second
i ncl i ned grrd ace s 25 ddriifh RASISAD YR Wl i L 1R U
L | aser beam

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 liquid passageway

W liquid column

L laser beam




-13- CLAIM5 1. A hybrid | aser processing apparatus
including a processing head having a jet hole, liquid
supply means for supplying the processing head with a
hi gh-pressure liquid, a laSer oscillator that
oscillates | aser beam fi@ser-guiding means for
gui di ng the | aser bean1osci$|ated by the | aser
oscillator to the processing head via an optica
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the laser beam at the boundary between the liquid forming
the liquid column and the air, and then making it reach the
workpiece, 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.

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



3. The hybrid | aser processing apparatus according to
claim1 or 2, characterized in that a | aser beam- 14
reflection surface is fornmed on an internal periphera
surface of the jet hole, and the_|l aser beamenitted
from an end surface of the optical fiber is guided to
the liquid colum after it is reflected on the | aser
beam _ref] ection surface. 4. The hybrjid I aser .
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portion of the inclined 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.



