t ys- 1- Specification HYBRI D LASER PROCESSI NG
APPARATUS Technical Field [0001] The present
invention relates to a hybrid | aser processing
apparatus, and specifically rglates to a hybrid Iaser
processi ng apparatus which guides a |laser beamto a
l'iquid colum injected by an injection nozzle to
carry out processing on _an qbj ect to be processed.

Background Art [0002] GGy, there is known
a hybrid | aser processing apparatus conprising: an
i njection nozzle including an injection hole; liquid
S e | event injection
ng?ngDniiﬁiﬁ.%ﬁo pressure |.§§ ; a laser oscillator

oscillating a Iaser beam and a condensing | ens
condensing the | aser beam oscillated fromthe |aser

osekchhatan taelg ect the liquid supplied fromthe
l'iquid supplying nmeans in a shape of a Iliquid columm
fr{ooothe injection holes to outside and to guide a
| aser beamto the liquid colum wth a condensing
| ens tBheaprgsent pnvestiongrehbathe bbj achybvibelaser
processed. 2
processing apparatus, and specifically relates to a
hybrid laser processing apparatus which guides a laser
beam to a liguid column injected by an injection nozzle

to carry out processing on an object to be processed.

Background Art
[0002)

Conventionally, there is known a hybrid laser
processing apparatus comprising: an injection nozzle
including an injection hole; liquid_supply means for
supplying the relevent injection nozzle with high- |
pressure liquid; a laser oscillator oscillating a laser
beam; and a condensing lens condensing the laser beam
oscillated from the laser oscillator to inject the liquid
supplied from the liquid supplying means in a shape of a
ligquid column from the injection holes to outside and to
guide a laser beam to the liquid column with a condensing
lens to carry out:processing on the object to be

\.

processed.



As such a hybrid | aser processing apparatus, there is
known the one that is provided with a nozzle bl ock
including a nozzl e passage formed at a tip of a
processi ng head to inject a_I?qgid colum and a focus
| ens focusing a | aser beam onto an entrance orifice of
t he above descri bed nozzl e passage to, thereby, quide

the 1laser heamtq the I|qU|d colum, i nj ect ed from the
nozzl @ p’&g@“agae hpageht 1 mmcqﬁsum RRATIONS a%here

chowiErns " Bhe “ohe) BheRo S B5PPRPRCHE At ahig2akn 2100k
CORLEaLL L A0eaol 09 FOLLED! oLsdlics. g BTR! sEos (o

an obj ect be pr oces I 'nSi pr o SS|ng head

r&@@és%ﬁ%eﬁeéﬁ tBJfﬁﬁ@ﬁtféoﬂlﬁﬁfdtbslgﬁn EHQ focus

['1ndri pl ane 1n a”shape of "a colum and t ose

cD&h € af o ph8egand1s¥birNBEbmabnRbags éﬁfksﬁbeaomebe of
beam to, thereby, guide a | aser beamto the injected

vweherabdPat @éascbbbedenbz2)le PassateDooneheréby, guide the
Nat i onal Publication of International Patent

Abpsécabeam No. thi2015Q0903cPhumnt iDpeatredt f2omIibanesezle
Pat ent Lai d- Open No. 2001- 321977 Disclosure of the

| p¥epdgon(PrbenbnBocompat syl ved by the Invention

(0003].t -, 3  However, in the case, of Patent Docung

1, théi RARItIdhs 3R2RS R adyRHe riRRT dPr‘i"Fl%s?’a%%r

bgggéfgtﬁg, there is known the one including a cylindrical

plane and a conical plane being formed to reduce
diameters toward an object to be processed inside the
processing head so that water is injected from the tip of
the ¢ylindrical plane in a shape of a column and those
conical plane and cylindrical plane reflect a laser beam
to, thereby, guide a laser beam to the injected water

{Patent Document 2).

Patent Document 1: National Publication of International
Patent Application No. H10-500903
Patent Document 2: Japanese Patent Laid-Open No. 2001-

321977

Disclosure of tpe_Invention

Problems to be Solved by the Invention

A

[0003]



entrance orifice of the nozzle passage and the focus
of the | aser beam becones hardly adjustable as the

di ameter of the entrance orifice becones smaller and
smaller. In addition, in the gase of the Patent
Docunent 2, the laser beamiS repeatedly reflected on
the conical plane and the cylindrical pl ane.

Consequently, the incident angle of the | aser beam
gui de LT | Hp cthedcasmtef Batenn Pocymenbolindbhg focus

RIS IAE ??sﬁotBTeaehiﬁepFsspenbeﬁﬁ?”ﬁﬁégﬁggégﬁbéa the
PORErBHike Ot BEco B CLEob D) MBEERUEE: obHeEAR¥Ecus of

descri coni ca ane an I Ca

r@ﬂéeféséPebéaﬁebeESﬁggahg?Bl faﬁgﬂgﬁfblghSEegﬂEedlameter

t hose coni cal p ane a ric ane nee

updetge 95@93§§bnsrsgﬁeeaﬁe&bhégrshhkgeélahahsﬁgluer
their entirety to make the expensive cost for the

process ngddieeton, PLRbtRe cdfe VOEVWRE Bacbn® Doobhent 2,
the present invention provides a hybrid |aser

ptbeetabag hppar dsusepehitedlys re€dsckpdadpushebkenical
the focus position of a | aser beam by a condensing

| Bhangoanflathaocydindgiradeplbaam popsedyentivm the
liquid colum_to outside and the manufacturing cost

th@?é@ﬁneaﬁnaéenaaethﬁe%eéﬁ§.vsam FEaAedr 5P EbEvilRgected

he, Pr obl hvh
bPSEEE PR UEppaPatle BPUpRALY LBLERELR Bl tBR water

CQSP&&EGSeQQmEQJ%Sglgﬁaﬂgfzbﬁvﬁﬂglgglggto such a problem

that the laser beam pops out of the water column.

Moreover, the above described conical plane and the
cylindrical plane reflect the laser beam a lot of times.
Therefore, those conical plane and cylindrical plane need
to undergo processing such as mirror-like finishing in
fheir entirety to make the expensive cost for the
processing head a problem.

In view of such a problem, the present invention
provides a hybrid laser processing apparatus, which is
easily adjustable in the focus position of a laser beam
by a condensing lens so that no guided laser beam pops
out from the liguid column to outside and the
manufacturing cost thereof can be made inexpensive.
Means for Solviné Ehe Problems
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an injection hole; liquid supplying neans for

supplying the injection nozzle with high-pressure

liquid; a laser oscillator oscillating a | aser beam

and a condensing |ens condenging the [ aser beam

oscillated fromthe |laser oscillator to inject the

liquid supplied fromthe liquid supplying neans in a

shape of a liquid colunmm fromthe injection orifice

to outStdte v 3 NYRF IR 123 SIYRTTIRI QEPEEWEW gof the
onden3|ngélens to, carr¥éout cessi

R ¥ REn Bl Befnf SoBe prBeL a8 B an Ay BEL bPhzBABFRS: AAF dding
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Of hé hend 8L £6H 0Rc RN & wiEﬁ ﬁ rQEsEES EQ d¢851 B91aser

l ens is" set inside the |qU| e on a m ni num

d@@@ﬁlﬁ&t@ﬂr&séillaﬁlthhlmsgeplE@&m?ngnd050éshdbﬁsahg
side of the object to be processed and the |aser beam

| Iensi avwdetoingstie LB€eknpesii 68chdletéd Sebm tReblaser
reflected on the inclined plane and guided to the
loguibleodbonbe Mdyeotagbse digtheé supphiednfrp@00BE liquid
According to the above described invention, a liquid
cOPRPRY i RY | npers etinwit Ahape df adel bgubd ehduminfrom the

d|aneter part of the inclined plane forned in_the
abdiRet H%%C?FbEHCFnF%C?PBﬁlﬂ%I%“dFBQBVEF etfelaser beam to

R GREAE T A ME TR EXCCEL R
c%fggggglﬁérénbyﬁetg§3£9§e£ob§gnﬁrocessed,

characterized in that, an inclined plane which
reduces the diameter toward the object to be processed is
formed at the entrance of the injection hole, the focus
of the condensing lens is set inside the liquid column
beyond a minimum diameter part of the inclined plane and
closer to the side of the object to be processed and the
laser beam irradiated to inside the injection hole is set
to be reflected on the inclined piane and guided to the

liquid column.

Advantages of the Invention
[0005]

According to the above described invention, a liquid
column is injecﬁed'with the diameter of the minimum
diameter part of.Eﬁe inclined plane formed in the above

described injection heole. However, the condensing lens



is preferably nmade smaller than at | east the entrance
of the injection hole to condense the beamto get
reflected on the inclined plane. Therefore,

adj ustment of the focus posigion of the |aser beam
beconmes easy. In addition, an intention to set the
focus of the |aser beamcloser to the side of the
8§¥ect to be processed than to_the nmni num dianete

?Scﬁ°¥rﬁﬁv?nE?|ﬁ%ﬂd%P%%et?% }%¥?Ec?e?%e5m%§é?rbEEﬁF the
the Lnclined,surface r&sult ni ca

g o‘?e’f‘ﬁ‘él SdaHinEESn, FLonetet maRS it rhRF of AP RAnoeam
t %réﬁ ?fg- %dgfs?%ffefnﬁhéﬁeg¥p%éggtte?gnggkﬁance of

r@ﬁéefﬁjéEt£%ntH81éa§§ch§éghQQ the bé9ﬁ|t838e9|§891ected

Therefore, the incident angle of the [aser beam

gohh detdle t Dnd DEndd Opi Sn60! WAk AF e biithmed htef face
between the liquid colum and the ‘out Si de at nosphere

gBbsus | pogeticn pfevkeat laber| been beasinésosapeppi ng

out to outside fromthe |iquid colum and,. noreover,
nar r oint Reldirtsinge ¢fn mntentioked isetsHing fochs hef the
like inside the injection nozzle to enable cost

reRRy ikpamclogeri wpethe onidezof ethaeshiaptietoobe

Carrying out. the Invention [0006] 6 Now an
%#?é%ﬁ than | Fasthat PoRinpn dbangeSE PREY OhelBG.

Lo AR P BYBRL G ESERoBF ERF) 3R e et nes
surface results in making the conical angle of the laser
beam to be condensed smaller than the conical angle of
the inclined plane to enable thereby restraint of the
number of times of reflection of the laser beam on the
inclined plane.

Therefore, the incident angle of the laser beam
guided to the liquid column to the boundary interface
between the liquid column and the outside atmosphere gets
larger to prevent the laser beam from popping out to
outside from the liquid column and,. moreover, narrow the
range of mirror-like finishing and the like inside the
injection nozzle to enable cost reduction on the

injection nozzle.

Best Mode for Cérr&ing out the Invention
A N \
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guides a laser beamL to a liquid colum Wfornmed by
injection of liquid and, thereby, carries out cut
processing to forman object to be processed 2 into a
requi red shape. That hybrid_| aser processing apparatus
1 conprises a processing table 3 which supports the
object to be processed 2, a |laser oscillator 4 mhich
oscillates a | aser bean1L ,a hi gh- pressure punp. 5

i qui d¥USH YIRS RRIHS th %‘?Ip‘iﬂtilé%,nl"qullcﬁ ob%ms%lbed
Bt o S SOt 6%&@& e, pdttatnd
ﬁ;gpg]gé%é 1“&1@@%& Psa{%. #8?‘1’{‘;? ig@ghélsﬁ' U

ove descri processi
Q@@yﬁﬁﬁ'QnPééérkBQ¥ﬁ By &hf{SuP&ecoTﬁﬁﬁ WofoPﬁed by
described Iin detail. The processing table

dEs) @defon t OFf N"DVQuideanb] echetEbPP @59§£é§e6u2 titt he
hori zontal direction to the processing head 6. In

goickb¢edning heo Poomessi opjeeadtd be pescgasddtp inve a

in the vertical direction with el evator neans not

i teqesired eshapmet he drawing. In the present

enbodi ment, sem conductor wafer with thin plate

t hi ckifdst dwhie aaser memq)tﬁmﬁrtha)el compra.ses a
ReSr et e %e?di%%%e%%é‘ RURPTAES abite (e Pk oiete o
T, R L AR 00 BOSESRTEL D
(&aééEaﬁgﬂﬁcﬁ, a high-pressure pump 5 as liquid supplying
means which supplies liquid such as water, a processing
head 6 which injects liquid as a liquid column W toward
the object to be processed 2 and guides the laser beam L
to the liquid column W.

The above described processing table 3 is
conventionally known and, therefore, will not be
described in detail. The processing table 3 is designed
to move the object to be processed 2 in the horizontal
direction to the processing head 6. In addition, the
processing head 6 is designed to move in the vertical
direction with elevator means not illustrated in the
drawing.

In the present embodiment, semiconductor wafer with
thin plate thlckness as the above described object to be

processed 2 undergoes cut processing. Otherwise, epoxy

resin plate or composite material and the like made of



to be processed 2 can undergo groove processing as

well. In addition, the above described | aser

oscillator 4 is a YAG | aser and enables CW

oscillation or pulse oscillagion according to
processing. Oscillation cycle’ of outputs and pul se

t hereof are designed adjustable appropriately.

Moreover, otherwi se, a seniconductor |aser, CO2 |aser
aRestheandkeehpt ganbnadasgeheutapepceseingat okn 4addition,
the case where wavel ength of the |aser beamL to be

i PeabTef e hsPFACERE1 DGR FRsefreatapurfacpechinbbepeliect
b water, the liguid injected fromthe processin

hE2d58 PEOCEPEPEr AnFP™| RHAPHORNPERCUBET REES SRREr A5t HELL -

| aser fieam tlcf{rg'o\?vlg]%? l\%ﬁe%\re t&@sc?xgjéﬁ/de.ed ﬁa?éf b§&-i11ator 4

processi ng hea descr € processing

head, 6y£@NPLESESaRdPLALB1EEKEY BEEHE%&E:&BEXSSJ pl188
[ the draw ng; a

el evat or neans not | ustrated I n

Q@@dﬂpﬁéﬂﬂohe@écé@dfﬁ%CBoF$E9§8§§§néhelDé@EWThtion_c cle
descri bed | aser beam [, an injection nozzle 13 whic

| of estispht uand spppséethérooTt Hee hilghighedsaagupyaples
to forma liquid columm Wand guides the | aser beamL
tappheprideednt |iquid colum W and adjusting neans
14 which adjust the relative positions and angl es

bet wedfPradiee b i eiatiors betl IMRINAURE P RNAIr arfel;

chieh Sidethe GoEerRpei bRebhe SRctheni BROFTRSFOMRRLOT 1.
Sigetﬂg éggéd&ggéggwggefggéLgnoko¥ﬁé laser beam L to be
irradiaﬁed as in the CO, laser is apt to be absorbed by
water, the liquid injected from the processing head 6 is
preferably liquid which doces not absorb the laser beam L.
[0007]

Next, the above described processing head 6 will be
described. The processing head 6 comprises a plate-like
frame 11 fixed on an eleﬁator means not illustrated in
the drawing, a condensing lens 12 which condenses the
above described laser beam L, an injection nozzle 13
which injects liquid supplied from the high-pressure pump
5 to form a liquid column W and guides the laser beam L
to the relevant liguid column W, and adjuéting means 14
which adjust the relative positions and angles between
the above describea condensing lens 12 and the injection

S
nozzle 13.



than the sixth plate 41 to be described below) is a
section subjected to cutting along the I-I section in
Fig. 2. The above described frame 11 is provided on
the optical axis of the |laseg beam L provided by
oscillation of the |aser oscillator 4. A circular
through hole 11a is forned in the position where the

optical axis of_the -|aser beam L passes. The above
descr i H5%e rc o hisg ﬂgld efRr 1goneeniengR Rt peRption, a

R e SarERe  Laver  pibe 28 thendrautabs (3,PoSkabh Lower

'@ﬂsnh9§g6§h§&h G1EHECErolo LB, LBUEEBRABR b} 1Es

f rane I oug € substanfi a Cross e’ (See

FLGct £n ?&%?ééﬁgattété tggngFEESP?FFF ?-ISs@cEiBRSin Fig.

section o cut al ong secti on.

However, for conveni ence of description, a second
retaining cylinder 28b to be described beloww Il be

o t t ethd rapbve | disddaibed. fiamaddl tiopréhibdedoye the
described injection nozzle 13 is also arranged on the
oppttadl axikssobft bkel dsserbbaamll. pFowmided) byt bepillation
nozzle 13 is retained at the lower end of a

c9fi tldei tasenoeacilhataer 423 Arglititlae| dweenghdxele 1la
hol der 23 is designed, to nove by the aboye descri bed

ab uEP TR nbAnkhe 4Popbbden whgreptae 8ptiradt ARLEsCAnthe

e[l gL oeg. dhapr am ol the above

. The above described condensing lens 12 is arranged
on the optical axis of the laser beam L and is retained
at the lower end of a cylindrical lens holder 21. That
lens holder 21 is fixed on the lower plane of the frame
11 through the substantially cross-like (see Fig. 2)
attachment stay 22.

Here, Fig. 2 is a cross section of Fig. 1 cut along
the II-I1 section. However, for convenience of
description, a second retaining cylinder 28b to be
described below Qill be omitted from illustration.

In addition, the above described injection nozzle 13
is also arranged on the optical axis of the laser beam L.
That inijection nozzle 13 is retained at the lower end of
a cylindrical nozzle holder 23 and the relevant nozzle
holder 23 is deéiéﬁed to move by the above described
adjusting means 14,

[0008]



descri bed. injection nozzle 13 and nozzle holder 23. A

smal | dianeter part 23a, nediumdianeter part 23b and

| arge di aneter part 23c are forned in this order from

the side of the object to be,processed 2 in the above

descri bed nozzl e hol der 23. The above descri bed

injection nozzle 13 is fixed at the | ower end of the

above described small dianeter part 23a with a

r i ng- 154 3 e‘tlélﬂrﬁ'qfﬂ@am el nlargethdigman dek dkhdarbove
%ectlon npzzle 13 is made of stainless stee

An
FFRctHord hb%eqélaovsn%%%dlﬁnaltlﬂeméé%%e?o%@e%h%3 A

f%fb%ﬁ SoeTeEs: pars 43 opuhbd Sl RBetor Shatbrzaf ana
P4a8 ADGOPLPCLate DS PLAEERSEL @nghf?gsgggg From the

ane forned closéer

oé.ldé hes o@ﬂl@cabﬁg becprocessededsthian 10 the asb%ant

first 1inclined ane 1 and expands di anmeter toward

thesobiieed néPzDe REPEESSLY. 2. ThhaRhAY /idascinded

first inclined plane 13b and second inclined plane

183t eceidt onght 1€ Nl® LoNNELed oat athet bewst nentinbf the

di aneter part 13d. The above described first inclined
phlagree 1dbs hosbeddemgbhedameber | phet f2Bashinly af oing-like
reflecting the aser beamL. In addition,, as

desrimbeg bererialdetai |, the angle of the above
descrlg‘d first |ncI|ned plane 13b is set [Jarger than

the cdiiGc Q0% e iR |G H@innozzkhdehsky 1ade of

tshteau.an eSS dse eipe(%nco'j.rhdjeer}: { Ihe-:) e ]123a ]ic.)s formed in the

center of the injection nozzle 13. In the injection hole
13a, a first inclined plane 13b which reduces diameter
toward the object to be processéd 2, and a second |
inclined plane 13c which is formed closer to the side of
the object to be processed 2 than to the relevant first
inclined plane 13b and expands diameter toward the object
to be processed 2.

The above described first inclined plane 13b and
second inciined plane 13c are brought into connection at
the minimum diameter part 13d. The above described first
inclined plane 13b has undergone mirror-liké finishing
for reflecting the laser beam L.

In addition,vaé described below in detail, the angle
of the above deécrabed first inclined plane 13b is set

Y .
larger than the conical angle of the laser beam L

condensed by the above described condensing lens 12.



[0009] A glass plate 26 is fit in the nedium dianeter
part 23b of the above descri bed nozzl e hol der 23
through a sealing nenber 25. That glass plate 26 is
fixed with a nut 27 to be_sgbewed together with the
screw part having undergone processing in the inner
circunference of the above described nedi um di aneter
part 23b. In addition, in the position of the above
d bbed small dianeter part 23a, four connecting

ts 23 f i, [ .di st .
Concoft HIEAT PIAURP (e X i mip SHanpfer part
ﬁ%fﬁ-{he—r %o&é’%@scéfﬂg%d H?%z]?é”q%éf%&%nﬁﬁ §ghtQ
the smal T di aneter part a rough the |i1quid pass

236, 1 {Htp rhdribld f BENt TGl @Q_a@gﬂ%&e% liReFixed with a

hi gh- pressure punp 5 is supplied to inside the snal

It Pasd SStewOICEoddaiet hei BboMee Sles6w i Peet having

gl ass plate 26. A through hole larger than the above
desiyrdmte mesoassimg| imeche! biee d 3eircunif erenes o8 the
provided in the center of the above descri bed
raheienidesomiibed meldidhadianétengratiol 23kzonf i gur es,
together with the above described second inclined |

pl ane IB@dditign, docikdre posddricwudi idve mbaveepcribed
col injected fromthe_ injection nozzle 13.

[RAD) AR S e Ho bl boEO ] CRRRSE MG RO 23d are
C rises a _retaini cylinder 28 which tain h
Etedeh ARt St d cronn it L L ft0nd ghne
Qnﬂ?rc?iérﬁ@téflfé@@QBa as a center. That connecting
port 23d is communicated to the small diameter part 23a
through the liquid pass 23e. The liquid sent by the
above described high-pressure pump 5 is supplied to
inside the small diameter part 23a lower than the above
described glass plate 26.

A through hole larger than the above described
second inclined plane 13c¢ in diameter is provided in the
center of the above described retaining member 24. That
through hole configures, together with the above
described second inclined plane 13c, an air pocket P
surrounding the liquid column W injected from the
injection nozzle 13.

[0010}
The above deséribed adjusting means 14 comprises a

retaining cylinder 28 which retains the above described

nozzle holder 23, an X-Y axis stage 29 where the relevant



- 11 retaining cylinder 28 is horizontally noved, a Z
axis stage 30 where the X-Y axis stage 29 is noved
vertically and an angle adjusting stage 31 where the
angle of the Z axis stage _3Q4 s changed. The above
descri bed retaining cylinder 28 is configured by a
cylindrical first retaining cylinder 28a and a second

retai ning cylinder 28b. The first retaining. cylinder
eLAHIRY LYLiRdsEd2Hni ¢ NeoBbEIRt JRLY (PRBEdX-& 2 ag¥Es

he, | d.of th d ining. .
S THeT? MRS NSk Y FEHE SOV Z0eLtiBRtCHosSTBically
S in g IO P O ELn@ b Sads ATTHASLEHAONSRAIE 0fPkhe 2

fadxsd @Ak the seconghyebaining cylinders 28a and 28b

are designed to match? In addition, the above

descr itird drRjvfe M gtefiveld et dUAUSR dyiSirdRe ¢ g ahwve

descri bed second retaining cylinder 28b not in

cont Boduesd hbptdetyl Thericabt firet aretainiydi odeind8a 28a
and the second retaining cylinder 28b are |inked
togdtdheseornd téeabbbve debitmdéed28bur THe rdirafr metsining
32 (see Fig. 2) so as not to interfere the above,
destindry gﬁ@a hepein siayf Pregher hthe x@oypedgpeyibed X-Y
descri bed | ens hol der 21 onto the frane 11. érggléé ..
Thel 2RI esr | Bid Bhey laner angeb o i taining

fi | .which fi h b d i bed fi
B nde 2o ok Eoad €6 uhE ROV oS SRS P ER npE 2

rﬁ%fﬁé@ 23. The center axis of the injection hole 13a in
the injection nozzle 13 and the center axes of the first
and the second rétaining cylinders 28a and 28b are
designed to match;

In addition, the above described lens holder 21 is
housed inside the above described second retaining
cylinder 28b not in contact each other. The first
retaining cylinder 28a and the second retaining cylinder
28b are linked together with the above described four
linking member 32 (see Fig. 2) so as not to interfere the
above described attachment stay 22 which fixes the above
described lens holder 21 onfo the frame 11.

{0011]

The above described X-Y axis stage 29 comprises a
first plate 33 whiéh fixes the above described first
retaining cylindérRZBa, a second plate 34 which retains

the first plate 33 from downward, a third plate 35 which



the first plate 33 fromdowward, a third plate 35
which - 12 retains the second plate 34 from downward
and mcroneters 36 and 37 which noves the first
retaining cylinder 28a in 1 X axis direction in the
left and right directions ilTustrated in the draw ng
and in the Y axis in the depth direction illustrated

in the drawi ng. Through holes 33a to 35a are .
ré%E@éPFV%F? ferned PhatenddcExper dgrnYREdapademicrometers

d ' fi hi I 33 35, To,th ,
CAPonBN 51 ehish BpvERcthP: it F3raretadning, £V 4B0er 202 in
CRE kng¥i5) hEhebes b k¥ 1 0Ae R  Fi gk BEEssTRons

3 i : d i t sat e 3 |
§glﬁé§§9t88 5ﬁftﬂepa£a9hﬁ§eggg_&Q?tgﬁrﬁ aRkaten %Pﬁeﬁepth

addition, as I ustrated | e first to

tirdcpighes1B3stPaBadaif shapadankiagarly in
substantially a square. The side planes thereof are

pl acedrisowgh tioo bes o3 3ent Gt B8k | airé hee spoyei debgr fbededX in
axis direction and Y axis direction respectively. .
Moheowentetrhefabheeableser dbedriibedt fpkratetd3thddd plates
second plate 34 are designed to nove relatively in the

X33akps38i r ke i re bhrouah Ihabe 33a wef rthedfinstplate 33,
drawi n formed in the X axis direction, The abave, ,
db8E r PBave deesRébBraféTss ARGALAIPE FVALBASE 4P8 1s fixed
0531 BRER, L4y E o0k 2L iniB BS54 (AhAFE! s
OSSR, B0 HUEyBBEL SRR, bRCER BARTEL BiseRcan
directijPraddition, as illustrated in Fig. 4, the first to
the third plates 33 to 35 are shaped planarly in
substantially a squere. The side pianes thereof are
placed so as to be orientated in the above described X
axis direction and Y axis direction respectively.

Moreover, the above described first plate 33 and
second plate 34 are designed to move relatively in the X
axis direction by a rail not illustrated in the drawing
formed in the X axis direction. The above described
second plate 34 and third plate 35 are designed to move
relatively in the Y axis direction by a rail 35b (see Fig.
1) formed in the Y axis direction.

And the above described micrometers 36 and 37 are
fixed in the X éxi; direction and the Y axis direction

RN

respectively on the side plane of the above described

second plate 34. On the side plane of the first plate 33,




respectively on ‘the side plane of the above described.
second plate 34. On the side plane of the first plate
33, - 13 protrusion 33c is provided in a position
that can be pressed by’thq_quqp descri bed m croneter
36. On the side plane of thethird plate 35,
protrusion 35c is provided in a position that can be

pressed by the tip of the above described mcroneter
FroNrYRitn s3h AS cBRPY §Bedt tBn2 PPeihbevectiaEcFRBeRe

A 7o BRI LR o o
O S IEhch P2ph o TR RS B bIGE 588 1
RS 881259, L0 LBEoX (AL Scgh 5Lk P8eoka BICKRLORL of

ahe SbEeEtho8-pIBOL R EPSmBOEE! §7, hol der 23 to nove
in the Y axis direction altogether with the retaining

cylli nadertR&udthe fedstipledei 33, aitk tdove asaner ihed e

34. (00121 The above described Z axis stage 30

cpnpt rsesom 3Bouishppeased3Bywhhehmicxemetbe aboweientated
described third plate 35 on the upper plane thereof,
ailfithér ¥l axes39ireckiédnohot tmabbeveheenecrebedhandre 23 to
adj usting stage 31 and two wheels 40 provided between
tAeve ot t thany fxignhdipegtégnaglhngetber| Withetbent er

e et nsas oL B0deE 68 nofinEhS; LZsEnP 1Atk andet bEbong
YA §°é1£8é€foﬁlE“f%“%&éhtion, operation of the micrometer
37 orientatéd in the Y axis direction enables the nozzle
holder 23 to move in the Y axis direction altogether with
the retaining cylinder 28, the first plate 33 and the
second plate 34.

{0012]

The above described Z axis stage 30 comprises a
fourth plate 38 which fixes the above described third
plate 35 on the upper plane thereof, a fifth plate 39
fixed on the above described angle adjusting stage 31 and
two wheels 40 provided between the fourth and fifth
plates 38 and 39. In the center of the fourth and fifth
plates 38 and 39, the through holes 38a and 39%a are
formed in such a range that no contact takes place with
the moving first fetaining cylinder 28a.

Here, the abo&e described wheel 40 moves the fourth

plate 38 up and down by a conventionally known jack screw



the nmoving first retaining cylinder 28a. Here, the
above described wheel 40 noves the fourth plate 38 up
and down by a conventionally known jack screw 14
system and detail ed descriptign_on the configuration
thereof will be omtted. According to that Z axis
stage 30, any one of the above described wheels 40 is
operated to enable the fourth plate 38 to remain in
p?élrsé:lel“lela“ldo dataigd Higaeriet iy oy thy cafigiration
nabl es. th aq%ye described nozzle holder 23 to nove
Eﬁ'eé:leto get 1A ‘etaining cylinder 28 and the
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at its tip fromdowward and two adjusting bolt 43
(eard gove upiad reisb s |iHeeilsard e st didd mad £le
41 fromdowward. As illustrated in Fig. 2, the above
dedelarheéd dsixinoveplup eaUogethedapeicch nthsubstaiiniaig y a
square. The above described support bolt 42 supports
Wl igslare2Bofarfd rhe gorhasivfstidge A%t h plate 41 from
the | ower plane. The above described adjusting bolt
4§Q¥§]designed to support the corner in the position

that 3aRdwhaNgs g1 ee 3058 1nd° 28 a0 1S WP Q' & Faxtn
plate 41 which fixes the aboveldescribed Z axis stage 30
on the upper plane thereof, a éupport bolt 42 which
pierces through the above described frame 11 to retain
the sixth plate 41 at its tip from downward and two
adjusting bolt 43 (see Fig. 5) which retains likewise the
sixth plate 41 from downward.

As illustrated in Fig. 2, the above described sixth
plate 41 is shaped in substantially a squafe. The above
described support bolt 42 supports any corner of four
corners of the sixth plate 41 from the lower plane. The
above described adjusting bolt 43 is designed to support
the corner in the position that sandwiches the above
described support bolt 42.

As illustrated in Fig; 5, tips of the above
described suppont Eolt 42 and adjusting bolt 43 undergo

\
processing to form a hemisphere. The tips thereof are



As illustrated in Fig. 5 tips of the above described
support bolt 42 and adj usting .bak{..43 undergo
processing to forma hem sphere.sThe tips thereof are
15 designed to be housed Lnlg concave part 44a of the
recei ving nmenber 44 enbedded In. the six plate 41.

And, the above described adjusting bolts 43 are
desi.gned to include the tips of the bolts which can be

WPudath P @ goeaygaats dfah@htise

ide. af the | I he f Jd1. W.th
Attt SR e O
plat epﬁ&,t Lhel %Né‘@%&h@%ﬁ &%;-p%g&%d Pol QAL 43S ar,

with et wo adj usting bol “nclrnation
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can be adjusted altogether wth the retaining

vy 2d IR WAEXI S Sltage 37O gyl tivhihg 24 Sthe side
stage 30. According to thus configured adjusting neans
YE the tlhoudie pltahe o S Heagfratd: amd t Wetanghese two

adj usting stage 31, the position and the angle of the
ladguist icy ol tW 43 ect@dinat itdre ofhjtdot isiktdozzlatd Al to
can be brought into mtching to the optical axis of

thhe |fgsa@e dearran ke renged by the | aser oscillator

4. In_addition, with the Z axis stagg %Q, t he f?Pus

posi t TR Coft Srhdiths&henddn adIvskdals &Ly e the

SONISIUNG S e SRS R d LMo 1 HULSEL 12 o

the frame 11 can be adjusted altogether with the

retaining cylinder 28, the x-y axis stage 29 and the Z
axis stage 30.

According to thus configured adjusting means 14,
with the X-Y axis stage 29 and the angle adjusting stage
31, the position and the angle of the liquid column W
injected by the injection nozzle 13 can be brought into
matching to the optical axis of the laser beam L
irradiated by the laser oscillator 4. 1In addition, with
the Z2 axis stage 30, the focus position of the laser beam
L condensed by the condensing lens 12 can be moved along
the direction of the liquid column W.

[0014]

Fig. 6 illustrates an enlarged diagram of the above
described injecﬁioh nozzle 13. 'In that drawing, the
optical axis of éhé laser beam L and the center axis of

the liquid column W injected from the injection nozzle 13



Fig. 6 illustrates an enl arged di agram of the above
described injection nozzle 13. In that draw ng, the
optical axis of the |aser beamL and the center axis
of the liquid colum Winje¢ted fromthe injection
nozzle 13 - 16 are adjusted To-cone into matching
wWth the X-Y axis stage 29 of the above descri bed
adj ustj ng neans 14 and the angle adjusting stage 31.
1aF e Reipisdsshtt e mAsng g “&ﬁta%ﬁ{r& with Hdieni ‘u‘ﬁlﬁﬁis

di t t ,13d.of the first |j I d pl 13 f
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100 pm I'n addition, the coni éal "angle 8

fdilafle i Igd18d LY ithS &#irdt0 R IHALPIARD 131 of the
coni cal angle 82 of the |laser beam L condensed by the

GerGRSiong Hears 113 df dHmtisiaittion A e Jescribagn,
hi gh-pressure punp 5 supplies the interior of the
rizzled droladert RS v dmunt ippuitd . 1 3Ehelrs t81(e el eddssttance from
liquid passes inside the small dianeter part 23a of

tthe murdimnh ol idare 123 @ert SL3djtecttde mMaxgmumeliameter

i njection hole 13a of the above described injection, |
FFEA & 383 itovidid & Hexiohjdigieqtdi B i o dupy 2 In gddition,

U ST e M RS £, (OB AD e e
15| sV SR 1 A 3 8 I nagr, e
0> HMinsed by the condensing lens 12.

In that state, the above described high-pressure
pump- 5 supplies the interior of the nozzle holder 23 with
liquid. Then the relevant liquid passes inside the small
diameter part 23a of the nozzle holder 23 and is injected
from the injection hole 13a of the above described
injection nozzle 13 toward the objedt to be processed 2.

At that occasion, an air pocket P is formed in the
lower part of the first inclined plane 13b by the through
hocle of the second inclined‘pléne 13c and the retaining
member 24. Therefore, the injected ligquid does not
diffuse but becomés a liquid column W with approximately
the same diameter as the minimum diameter part 13d of the
first inclined p&éhe 13b and is injected.

Next, the lase} oscillator 4 oscillates to generate

the laser beam 4. That laser beam L is condensed by the



di ffuse but becones a liquid colum Wwth
approximately the sanme dianeter as the m ni mum

di aneter part 13d of the first inclined plane 13b and
is injected. Next, the Iaserigsgillator 4 oscillates

to generate the |aser beam That | aser beamL is

condensed by the 17 condensing lens 12 and thereafter
transmts through the above described glass plate 26
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litGldotabrplie 13 i nside the liquid colum Wand the
| aser beam L is designed to be condensed snaller than

the axthemnptdieaesite embadimkde , ot hieha@abiohee eleisai ibelde Z
13a. Here, in Fig. 6, the focus of the |aser beamL in
tehd scad@gsf Itcdkd mpjustate | Therebyn tbhezifectid iof the
illustrated by dashed lines. Thus, the condensed | aser
Be@mar bean df [igctdapignad ton henedsitsionad |heawand| tHre

13b ,in the portion outside the mninmumdianeter part

Tagimie e T datdctlh 9k thephawy sqHPed first
SRR A 158 e 80 e W e
él%gsje_qr lb%ragnerL tirgaraetgiegncéd téoc%le MQeenagEqi té?r?aller than the
maximum diameter part 13e of the injection hole 13a.

Here, in Fig. 6, the focus of the laser beam L in
the case of lacking in the injection nozzle 13 is
illustrated by dashed lines.

Thus, the condensed laser beam L is reflected once
on the first inclined plane 13b in the portion outside
the minimum diameter part 13d. Thereafter reflection is
repeated on the boundary interface in the above described
liquid column W with the outside atmosphere at an
incident angle larger than the critical angle and the
laser beam L is guided to reach the object to be
processed 2. ‘

[0015]

Thus, accofdiﬁg to the hybrid laser processing

apparatus 1 of the\present embodiment, the focus of the

laser beam L is set to inside the liquid column W beyond



| aser beamL is guided to reach the object to be
processed 2. [0015) Thus, according to the hybrid

| aser processing apparatus 1 of the present

enbodi nent, the focus of the,,laser beamL is set to
inside the liquid colum Wbéyond 18 the m nimum

di anmeter part 13d of the first inclined plane 13b in
the injection nozzle 13; the |aser beamL positioned

difes de e AiFnaka iRk 3dah U first dmelingd gilane
0 il ST B Bt L
i I o SR TR
g%?%ﬁﬁ%ﬁﬁﬁcgﬁj%ﬁ%:%giﬁé;%§é§%¥%n1C)ﬂg%ﬁgﬁﬂsgﬁﬂ %;ﬁ%iPe'IBb
R¥hd tike RAMR desarddiett 4 xS qitip el W.CO%%%%]tcf,ore,

t he above descri bed Patent Docunent 1, the focus o
ther dgereaodias gas el Getofl tHd 6l adif igam paris of

the injection nozzle. Therefore, displacenent of the
fdeisatpas id ildrttilre tive theaXd sxdis etitreort inot, diley msmedeam
the | aser beamto be reflected on the injection
o ZAre hep qudifded td ridme beigwidydatnn & it tianp el y
liquid colum, but also cause the |aser beamto be
igdiddtaead Gnitdiarf s RIS I gilhel a3/ R iBRAT i L Y
to a risk that the ocessi he itself will be
RGeS FERERSH 2 (H T ABTeiin L i s desi gned to
be _ In contrast, the above described Patent Document 1,
the focus of the laser beam has to be set in the orifice
part of the injection nozzle. Therefore, displacement of
the focus position in the 2 axis direction not only
causes the laser beam to be reflected on the injection
nozzle to refrain from being guided to inside the liquid
column, but also cause the laser beam to be irradiated
onto an unexpected wall plane, giving rise to a risk that
the processing head itself will be damaged.

- In addition, the laser beam L is designed to be
reflected only once by the first inclined plane 13b.
Therefore, the range of mirror-like finishing and the
like for the injection nozzle 13 can be made small. In
addition, in the case of the present embodiment, even if
the reflection blahe of the injection nozzle 13 is

~ \
damaged by reflection of the laser beam L, only the

injection nozzle 13 provided in the tip of the nozzle



reflected only once by the first inclined plane 13b.
Therefore, the range of mrror-like finishing and the
like for the injection nozzle 13 can be nade small. In
addition, in the case of thejgresent enbodi ment, even
if the reflection plane of the injection nozzle 13 is
damaged by reflection of the |aser beamL, only the

inie ti nozzl e 13 provided in the %kg of. the nozzle
f’éJ di %&r welikss YalSi%F ged eFREPELsr £P& he

f Js C t,he ruynni.ng. cost, can he
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Dosi gen; éntkast, A58 REGkovel AELIBEd" patent! Doldiient
B, 1 t0le Niaser fedinf NiNGanddthe) 1d ke thass tonkes Witened.the

In addition, in the case where the injection nozzle
iinjeavdged iy z el | eheirefiogt, t hhel 2a8gebe@Mmititer-1ike
injection nozzle inits entirety will have to be

faplisbdagammd dybe rldcke Feer efcorbe neErdefrat .ur iIng adddtd on,
and the running cost used to increase. Mreover, the

IiEs &hep sapel whenge dinmhdd ertion mefdzdet dés clamaged ibnst

i nclined plane 13b only once. Therefore, the incident .
Felectiomet e Insgn beamsf |the dnigctinn maards yin its

interface i,nside the liquid .colu wi th the, outside
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i_nci.dent I . the | aser m aqn..t.he boundar
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Q@a&ﬂgy%dggjical angle. Therefore, the

Moreover, the laser beam L is designed to be_
reflected on the first inclined plane ‘13b only once.
Therefore, the incident angle of the laser beam L
reflected on the boundary interface inside the liquid
column W with the outside atmosbhere will not get small
beyond necessity. But the incident angle of the laser
beam on the boundary interface of the liquid column can
be made larger than the criﬁical angle. Therefofe, the
laser beaﬁ L will not pop out from the liquid column W
into the outside atmosphere.

In contrasts, in the above described Patent Document
2, the laser beam is reflected inside the injection
nozzle a lot of times. Each reflection narrows the
incident angle on éhe wall plane inside the injection
nozzle. Thereforé,\the incident angle of the laser beam

on the boundary interface of the liquid column will get



| aser beam L will not pop out fromthe liquid colum W
into the outside atnobsphere. In contrasts, in the
above described Patent Docunent 2, the |aser beamis
reflected inside the injectigg _nozzle a lot of.

times. Each reflection narrows the -incident angle on
the wall plane inside the injection nozzle.

Therefore, the .incident angle of the | aser beam qn
AT e AL SN R KP LD SRS ok Laser

5
300 st ) nt%&g% g{‘%%'t S A9 Sl d ksl d o cause

here. [0016] Here, in the above descri bed
gﬁgggﬁnent, the injection nozzle 13 is nade of

stai nhase, SigehknaNdrve delscili el lebRdifledte k3 has

undergone mrror-like finishing. However, if the
abpMtdRALMidE d i 1Ptis inidd nefd 3 Al s SHuleY g0es the
coati ng of causing the above described first inclined
diane Lidtetingdefglanie t15h llaserundmsyorde niieromt bt kal

of the injection nozzle 13 can be another nmaterial.

| rdgdiitrioon, Howetviea, alidv & hee sbroiviee deseivddhede fti rsithe
condensing lens 12 is fixed on the frang 11 so that

el iged B lananPh hndgrgeevicaatel nd itfe iz 4 1@ nshe sabove
CES P AP LEt, ot ey, b ol 08, o) UKL e
%Qagnﬂ}%it ﬂ%he k:faq'tsﬁéizﬁ g% ?]Eldié) ibnej eacdéfgﬁ ergdzzqé eIB can be
another material.

In addition, in the above described embodiment, the
condensing lens 12 is fixed on the frame 11 so that the
position and the angle of the condensing lens 12 cannot
be adjusted. However, by providing adjusting means
separately, the position and the angle of the condensing

lens 12 can also be adjusted.

Brief Description of the Drawings
[0017] |
[(Fig. 1]
Fig. 1 is a cross section of a hybrid laser
processing in the present embodiment.
[Fig. 2]
Fig. 2 is é‘pian diagram in a II-II section in Fig.

A

1.

(Fig. 3]




[0017] [Fig. 1] Fig. 1 is a cross section of a hybrid
| aser processing in the present enbodinent. [Fig. 2]
Fig. 2 is a, plan diagramin a Il-Il section in Fig.

1. [Fig. 3] - 21 Fig. 3is 3 section of an injection
nozzle and a nozzl e hol der. ﬁFig. 4] Fig. 4 is a plan
diagramon an X-Y axis stage. [Fig. 5) Fig. 5is a
section in_a V-V sectionin Fig. 2. [Fig. 6] Fig. 6

i s anFdfl-afgd® SedEcEH W athan dpdectden mezale and a

Descr.i ptian, of the Synbols [0018] 1 hybrid |aser
5F55@§£ﬂﬁ§' aratus 2 object to be processed 4 |aser
955 Iz%fn 5 hi gh-pressure punp 6 processing head 12

condensi'ng lens 13 injection nozzle
Fig. 4 is a plan diagram on an X-Y axis stage.

[Fig. 5]

Fig. 5 is a section in a V-V section in Fig. 2;
[Fig. 6]

Fig. 6 is an enlarged section on the injection

nozzle.

Description of the Symbols

{00181

1 hybrid laser processing apparatus
2 object to be processed

4 laser oscillator

5 high-pressure pump

6 processing head

12 condensing lens

13 injection nozzle

13a injection hole

13b first inclined plane
13¢ second inclined plane
13d minimum diameter part
14 adjusting means

L laser beam -+ |

»

W liquid column



13a injection hole 13b first inclined plane 13c
second inclined plane 13d m ni mum di aneter part 14
adj usting neans L |aser beam Wliquid colum - 22 -
CLAIMES [1] A hybrid |aser. gnocessing apparatus
conprising: an injection nozzle including an injection
hole; liquid supplying nmeans for supplying the

rel evant injection nozzle with high-pressure |iquid,
a laser oscillator oscil  @¥HER [aser beam and a

condensing l.ens condensi ng the | aser beam oscill ated
o PhEVERIEr 1258 HERGP UG APRET A IR Sing: an
Lo o d | vi :
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BUE A RN Gd h HU L SupPBPInP SR Lk 1d it | il ot ion

colum with a condensing l'ens"to carry out processing

AodA18: GHjtaCth igh-er S HERS SEhuLdArAct £8dZ sl 108 x

an inclined plane which reduces the dianmeter toward
tdeciddjsacing a Meagevdesaed asd 4 afdderméindelemns rance
of the injection hole, the focus of the condensing
|lemglansigat tihesi desehecdamquist colated Heyonctha hasenum
di ameter part of the inclined plane and closer to the
s Pratde tobjiarieaty e phisterd ctpmbiedef romsiehe bbbanid
irraq!ated to insjde the injection hole is. set
supplying means in a shape of a liquid column from the
injection holes to outside and to guide a laser beam to
the liquid column with a condensing lens to carry out
processing on the object to be processed,

characterized in that, an inclined plane which
reduces the diameter toward the object to be processed is
formed at the entrance of the injection hole, the focus
of the condensing lens is set inside the liquid column
beyond a minimum diameter part of the inclined plane and
closer to the side of the object to be processed and the
laser beam irradiated to inside the injection hole is set

to be reflected on the inclined plane and guided to the

liquid column.

[2] The hybrid laser processing apparatus according to
claim 1, characterized in that a second inclined plane is
formed beyond the minimum diameter part of the inclined

plane of the injection hole and closer to the side of the



to be reflected on the inclined plane and guided to
the liquid colum. [2] The hybrid | aser processing
apparatus according to claim1, characterized in that
a second inclined plane is_,gggqu beyond t he m ni mum
di anmeter part of the incline pl ane of the injection
hol e and closer to the side of the 23 object to be
pr.ocessed to expand the dianeter toward, the obLect t

bcéDJp‘?%‘i;e%%e‘%? paycafie yTo?i%ixP%%‘ért}b? océ:é@gqa;,%r oward othe

ccording to, any of claim1 or claim 2,
2%%{ :‘?‘? ?Oeed g%o?%sa.?e%h air pocket, which surrounds

the liquid colum, is formed on the side of the
obj ect to be processed rather than to the injection

nozg| &hel 4lybkiel NEYdd draRls ARF e 1% BRPH @ dRiing to

according to any of claim1l to cldaim 3, characteri Zed
laneanPrakd g 1 aslht usta g Ppadsafit @i 26d i 19 ORSELARNSir
of a | aser beam condensed by the condensing | ens and
Pdclgt d vadachmsui npweededt e o dilied | ¢ Barin ONi o2& ke ddyon
nmovi ng the condensing l.ens and the injection nozzle.
rtdisatdidg \of the object to be processed rather than to the

injection nozzle.

[4] The hybrid laser processing apparatus according to
any_of claim 1 to claim 3, characterized in comprising
adjusting means for adjusting positions of a laser beam
cendensed by the condensing lens and a liquid column
injected from the injection nozzle by moving the

‘condensing lens and the injection nozzle relatively.



