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- 1 - r SPECIFI CATION HYBRI D LASER PROCESSI NG
APPARATUS Technical Field [0001] The present
invention relates to a hybrid | aser processing
apparatus, and nore specifical]ly 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 guides laser beamto the |iquid col um.
Background Art [0002] CoHvERtGBHENy, a hybrid Iaser
processi ng apparatus including a processing head
having a jet hole, liquid supply neans for supplying

t ' ' u.gh-pressure |liquid, and
%ﬁﬁ%é]%@?%@ %%%ﬁ%%s | aser begm t he
apparatus perform ng processing on a workpiece by
jetting t he quuid supplied fromthe liquid supply

m§%§§] JQL # 4et hole to the outside in the form of
Iquid co unn and guiding the |aser beamto the
ligptd iy col uim has been known. (Patent Docunent 1) In
such a hybrid | aser processing apparatus, in  order to

gui de Thas @rekeat iihweddig dedite® tid A hyMarikpiletasr

it is necessary to bring the jetted liquid a 2

processing apparatus, and more specifically relates to a

hybrid laser processing apparatus that 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, liguid
supply means for supplying the processing head with a
high-pressure liquid, and a laser oscillator that
oscillates laser beam, the apparatus performing
processing on a workpiece by jetting the liquid supplied
from the liquid supply means from the jet hele to the
outside in the form of a liquid column and guiding the
laser beam to the liquid column has been known. (Patent
Document 1)

In such a hybrid laser processing apparatus, in

order to guide laser beam in a liquid column to a

workpiece, it is necessary to bring the jetted liquid




colum to the workpiece in a stable condition w thout
di ffusion, and al so, there has been the demand to nake
the diameter of the jetted liquid colum be as snal

as possible fromthe viemppugt of yield enhancenent,
etc. Patent Docunent 1: Nati‘onal Publication of

I nternational Patent Application No. 10-500903

Di scl osure of the invention |ssues to be solved by the
igndenti e {IOD0B)T Hiskese tie amtiakde torndfi Girn ofifgrout

the liquid colum is, the nore the liquid colum is
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providing a liquid column with a small™  dianeter.

Neans) du ol ve the 11$suesiod 0004) In other words, a
hybri d | aser processing apparatus according to the

resed i vsntsolved dyy digse aidndrit don | aser processi ng
apparatus including a processing head having a jet
hdlG&®03}i qui d supply nmeans for supplying the 0 e

Here, the smaller the diameter of the liguid column
is, the more the liguid column is disturbed by air
current generated around the liquid ceolumn, resulting in
the length of the liquid column that can be kept in a
stable state without diffusion being shortened.
Accordingly, there is a problem in that the diameter of
the liquid column cannot be reduced to a desired diameter.

In view of such problem, the present invention is
intended to provide a hybrid laser processing apparatus
capable of providing a liquid column with a small

diameter.

Means to solve the issues
[0004]
In other words, a hybrid laser processing apparatus
according to the present invention provides a hybrid

laser processing apparatus including a processing head

having a jet hole, liguid supply means for supplying the




- 3 processing head with a high-pressure Iiquid, and

a laser oscillator that oscillates | aser beam the
apparatus perform ng processing on a workpi ece by
jetting the [liquid suppliedfromthe Iiquid supply
means fromthe jet hole to the outside in the form of

a liquid columm and guiding the |aser beamto the
liquid columm, characterized by conprising: a chanher
Precessirsgs éeast witdhar M dpieesomed etikeftthe laser
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enti ng generation nt around
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colum will not be disturbed by that air current, so

igraldiener he |z d redwirgd Rad NG quisid1lunti,anet er can
be kept in a stable state for a long tine. Best Mde
fobia rGarteing: Oty tdteng mieainig :ora [M20fder Hdrat rafdlerses at
description will now be given of an enbodi nent shown
ilreatstte ad rsgaiaeg Lo MRigglirkee tivestiovichea pripdesgiicaderad and the
processi ng apparatus 1 according to the present o
imprmtiene; i agu ekl widr Kisiasee D01 drd g inediie enside
shape by guiding |aser beamL to a liquid colum W
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[0005]

According to the present invention, it is possible
to bring the inside of the chamber into a vacuum state
using the gas exhaust means, preventing generation of air
current around the jetted liquid column, and accordingly,
the liguid column will not be disturbed by that air
current,lso that even a liquid column having a small

diameter can be kept in a stable state for a long time.

Best Mode for Carrying Out the Invention
[C006]

Hereinafter, description will now be given of an
embodiment shown in the drawings. Figure 1 shows a
hybrid laser processing apparatus 1 according to the
present invention, which cuts a workpiece 2 into a
required shape by guiding laser beam L to a liquid column

W formed by jetting water as a liquid.




This hybrid | aser processing apparatus 1 includes: a
processing table 3 holding the workpiece 2; a chanber

4 accommodating the processing table 3; gas exhaust
means 5 for bringing the insjde of the chanber 4 into

a vacuum state; drainage nmeans 6 for draining water

in the chanber; a laser oscillator 7 that oscillates

| aser beam L; uid supply nmeans 8 for supplyin

hi gh- Ehé§sBﬁérlﬂagéﬁeramoﬁeﬁﬁééés§Pﬁ@rﬁé$ﬂ<§ d thgtludes: a
jets water toward the workpiece 2 in the formof a
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surface of the wor kpi ece 2, in addition to processing

fior 1ictitd gyl WddriNe ther Wagdliwiaey 4idiWdssdihe
processing table 3 holds the workpiece 2 in such a
metrear; tarat & heromsrdeapirer eneéaddn ttate jatshovd tzonttadwarnd the
vertical directions, and it includes an x-axis table
IR MEH@CeR d9 tie Workpiceicer 2 jiquia eriumwntihland o4 kdes
direction, and a y- aX|s tabl e 3B, provided bel ow t he
%hea%assetralﬂe@“g@ thfhaovigitiich %le‘% dnddiheon are
perpecg}%§k r to the -axi s dlrectlon and a z-axi s
3’haﬁ° e meang dUnFRRMYi s tabl es 3A
and 3§hln a

is émbodiment is constructed so that it cuts a
thin semiconductor wafer as the workpiece 2, and it can
also cut an epoxy resin board or a composite material
consisting of resin and metal, etc. Also, it is possible
to perform the processing for providing a groove on a
surface of the workpiece 2, in addition to processing for
cutting or drilling the workpiece 2.

[0007])

The processing table 3 holds the workpiece 2 in such
a manner that the workpiece 2 can move in horizontal and
vertical directions, and it includes an x-axis table 3A
that moves the workpiece 2 in a horizontal x-axis
direction, and a y-axis table 3B, provided below the x-
axis table 3A, that moves in a y-axis direction

perpendicular to the x-axis direction, and a z-axis table




vertical direction. Here, when cutting a sem conduct or

waf er as the workpiece 2, the sem conductor wafer is
attached to an adhesive sheet 2B that transmts the

| aser beam L and the |iquid,;and this adhesive sheet

2B is extended on a wafer rihg 2A. By fixing this

wafer ring 2A to a wafer ring supporting portion 3Aa
provi ded on an upper surface_of the processing table

3C e s afvemditg of- weferand ¥axich taeprfeand i in 2
table 3,. and the. sem conductor wafer is carried

R SHC Ao/ SGRY R processing table 3 together with

the wafer ring 2A S, h od8 e o
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an e wor kpi ece 2. 008] The aforenentioned

ohafiped, @I fMh@Es OFE L SRAC B WET ) e gdsd 1o wafer
condition is kept against the external space, and

acigomydat es the processing table 3 inside. Also,

this chanber 4 is provided with a door, not shown,

for setifrigirke thorkpiadee Ziony tAke gor eecesdiany tialy e 3.
Furthernore, on an upper surface of the chanber 4, a
gapmExtausl ot tel g 132 whitehidéerd gasaextzRet feahacs of

is connected is provided, at a |ocation where the

prive 3R Bing etable 3, the semiconducteor wafer is set on
the processing table 3, and the semiconductor wafer is
carried in/out to/from the processing table 3 together
with the wafer ring 2A.

Since such processing table 3 is conventionally
known, the detailed description thereof will be omitted,
and this processing table 3 may be provided with an angle
adjustment mechanism that changes a relative angle
between the processing head 9 and the workpiece 2.

[0008]

The aforementioned chamber 4 forms an enclosed space
where a gas-tight condition is kept against the external
space, and accommodates the processing table 3 inside.
Also, this chamber 4 is provided with a door, not shown,
for setting the workpiece 2 on the processing table 3.

Furthermore, on an upper surface of the chamber 4, a

gas exhaust hcle 4a to which the gas exhaust means 5 is

connected is provided, at a location where the processing




head 9 is secured, a through hole 4b allow ng the

l[iquid colum Wto pass through is provided, and at a

| oner portion of the chanber 4, two drai nage hol es 4c

to which the drainage neans 6 is connected are

provi ded. [0009] The gas exhaust neans 5 has a
configuration in which an oil-sealed rotary punp 11

as a vacuum punp, and a diffusion punp 12 are

pre9d d@dip nsparsetel 2 Bhdcutbsholei fbsabledingt thg ligquid
punP 11 and diffusion punp 12 are, connected to the

gasl ¥R lstonerasabhpPBINdéa PROYhRdedehanBeptayvigwar
conduit 13 _that forks on its way. These o0il-seal ed ,
T RF O BuRh Qﬁeaﬂaaﬂé?ruéroﬁwauﬁﬁalaaggr%°5@§p§etF9ew910h

h I'Li d fi d
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c @@@@jled by the controlling nmeans, are provided for
the punps 11, 12, respectively. In this enbodi nent,

First el leapalad hoRd Yo UMy od 51 AStIRISH 19 which

bring the T1nside of the chanber 4 into a certaln

degr &l ofe gl ¥ACHU: 81 abempt NENas di f fashen p@rHHE dRdi 8
actuated to further bring the inside of the chanber 4
i ot Dfas hogheumpled? eerof provadedm st paeal SeheeahiegRese
oil-sealed rotary punp 11 and diffusion punp 12 are
cohlesrd bedl gt &knpwaump hel devdi deff usieser ppnp oh2 ore
their configurations is omtted, but the oil-sealed
retarSC rAptaltkangde eskauel hohbeta aproexdadsiedthas
C ngﬁéns f | arge anount of _nojisture, and the
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These oil-sealed rotary pump 11 and diffusion pump
12 are respectively controlled by the controlling means,
and first and second electromagnetic valves 14, 15, which
are controlled by the controlling means, are provided for
the pumps 11, 12, respectively.

In this embodiment, first, the cil-sealed rotary
pump 11 is actuated to bring the inside of the chamber 4
into a certain degree of a vacuum state, then, diffusion
pump 12 is actuated to further bring the inside of the
chamber 4 into a higher degree of a vacuum state.

Since these oil-sealed rotary pump 11 and diffusion
pump 12 are conventionally known, the detailed
description of their configurations is omitted, but the
oil-sealed rotary pump 11 can be used even Qhen an

exhausted gas contains a large amount of moisture, and

the diffusion pump 12 is a pump preferable for further




bringing the inside of the chanber 4, which has been

in a certain degree of a vacuum state by neans of the

oil- sealed rotary punp 11, into a higher degree of a

vacuum state. Also, a vacuum,punp, such as a

t urbo- nol ecul ar punp or an ion punp, can be used

instead of the diffusion punp 12. [0010] The

drai nage neans 6 includes: a catcher 21 provided at

t heipesngi bhewhesédehef| £hei ghavbam4w wbifbt bad, bgen in a

drain 22 provided at a bottom portion of the chanber

4?ef5ﬁanad89§?ﬁa§§ BuMpcaBMppbatachyoneangecfhghe oil-

chang and the catcher 21 and the drain 22 are

coBhf %9e6°5§r3 PEBRAbTt EZtPoatHégBPélﬁﬁgéeEu 33vgrgum

hE ﬁralnage holes 4c formed in the chanber 4. The
areher 21 is provi ded bel ow the workpiece 2 and the

dh heet |
il A 48 C T LA SR Rl bR R E TR
Pgsi §HonoMhEnRE! I gYhdLE0|HER bﬁ hSthdth§n91E%u5éon pump

recei ves mater passi ng t hroug e wor kpl ece 2

t he adhesi ve sheet 2B. The draln 22 aspirates water
accunmul ated at the bottom portion of the chanber 4 as
arecesolt of, for exanple, bouncing off a surface of

the workpiece 2, and a tip of the drain 22 is

posi t i Bnedlx Lraadotrhemn s ub f acel oies t he caaelber 21 pr8vided
“at the position where the liquid column W is jetted, a
drain 22 provided at a bottom portion of the chamber 4;
and a drainage pump 23 provided outside the chamber 4,
and the catcher 21 and the drain 22 are connected by a
conduit 24 to the drainage pump 23 via the drainage holes
4c formed in the chamber 4.

The catcher 21 is provided below the workpiece 2 and
the adhesive sheet 2B, and is movable relative to the
processing table 3 so as not toc be displaced from the
position where liquid column W is jetted, and it receives
water passing through the workpiece 2 and the adhesive
sheet 2B.

The drain 22 aspirates water accumulated at the
bottom portion of the chamber 4 as a result of, for
example, bouncing off a surface of the workpiece 2, and a

tip of the drain 22 is positioned at a bottom surface of

the chamber 4.




The drai nage punp 23 is controlled by the <controlling
nmeans, and as a result of actuating this drainage

punp 23, water in the chanber 4 is forcibly drained

via the catcher 21 and the drain 22, reducing the

anmount of noisture in the charfber 4 as nmuch as

possi ble. [00111 The |l aser oscillator 7 is a YAG

| aser oscillator, and it can perform CWoscillation

or pul BeeodEainageonungepgdndbngonhrohéedr b¥es8fng, and
its processing conditions, such as its output or p¥lse
o§8PFF8@#6HgCV@P§Fr ﬁ@ﬁ éﬁb@tF&FPﬁ? R AGtistegy this

Bet ween t he | aser. oscil |l at.or and the processing.
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a,reflective mrraor 32 that reflects, the l,aser
tgﬁgﬁaeﬁh%lSr55%35%%§%ﬁ§a%%9én§%&%% ?gﬁégng?ﬁgﬁéﬁis the
t nden appl i I egm PrQVi 5
TSR PRy T skt AP B e R e e o b Le-
nq@@qagand it includes a reflective mrror 3la that
nmoves fronfto the optical path of the |aser beam L

to/ frophéheasdtsbdeiofiatbe optkcal ypst habyrmesasloktor,
driving neans not shown, and a danper 31b that absorbs

t hadeder ganopetrife e dsedmllatrien eat edllse tdwec-illation
reflective mrror 31la. Wien the reflective mrror 3la

i slepesidtingnett diet peocestsiogl, pach idfs phredessdmndeam

L, the |aser beamL is reflected on the reflective

NCPPEA L3RS r afi chh @ Seddig PUsPutt 9 Padée iweshlilgtdon cycle,

absor bed by the danper 31b. 9
may arbitrarily be adjusted.

Between the laser oscillator 7 and the processing
head 9, shutter means 31 that blocks the laser beam L, a
reflective mirror 32 that reflects the laser beam L
toward the processing head 9, and a condensing lens 33
that condenses the applied laser beam L are provided.

The shutter means 31 is controlled by the
controlling means, and it includes a reflective mirror
3la that moves from/to the optical path of the laser beam
L to/from the outside of the optical path by means of
driving means not shown, and a damper 31b that absorbs
the energy of the laser beam L reflected by the
reflective mirror 3la.

When the reflective mirror 3la is positioned on the
optical path of the laser beam L, the laser beam L is

reflected on the reflective mirror 3la, and the energy of

the laser beam L is absorbed by the damper 3lb.




Meanwhi | e, when the reflective mrror 3la is noved to
the outside of the optical path of the |aser beamL,
the |aser beamL is reflected on the reflective mrror
32, and then is provided to the processing head 9 via
the condensing lens 33. As the laser oscillator 7, a
sem conductor laser or a C02 |laser oscillator, etc.,
can also be used, and if the |aser beam L oscill ated
has a MB9BrBA4en vhap the saflpgtiveonbedoby3hat és, moved
s that .oscillated by a C02 |aser oscillator, a

I|8U|getﬁaﬁsﬁ§§rpga &bSoops 197d Ha§§epfb§@ﬁ Eaﬁﬁf ?@am L,
9
(B8 sk Bep del SRS e 0 B SRl eh L YeomiTror 32,
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ta@nw@hgﬁnatqggge3§ank 41 toward the processing head
at a high pressure, which are interconnected via a

COﬂdUlAs4§heTh§s@@t§5c§lPé§9§ yank éémiéoﬁ@ﬂ@@SEeQaEQr or
a water supply source 44, and d the conduit

cangectliaget hesavpl BatosUPRty. SOHEs ea Ado ané &Q@d\’\’aéﬁcﬁ if
storage tank 41 includes an on-off valve 45 t hat

cbher bbsewabenmslippbyifilametihdaswat eavelpphy hs @hkee is
44, and a filter 46 that renoves foreign substances
c6AfAlHedPPATbRE hat BRtewppsuel Bsofthatheswaildntsdpply a
squrce 44. Between the |iquid-sending pu 42 and the

pFBe ety Pkl Bt el chcki vl d et it (pRer by eveseEbs the
fHosergbeam L may be used for the liquid jetted by the

processing head 9.
[0012]

The liquid supply means 8 includes a water storage
tank 41 that stores water, and a liquid-sending pump 42
that sends the water stored in the water storage tank 41
toward the processing head 9 at a high pressure, which
are interconnected via a conduit 43.

The water storage tank 41 is connected to a water
supply source 44, and the conduit 43 ceonnecting the water
supply source 44 and the water storage tank 41 includes
an on-off valve 45 that controls water supply from the
water supply source 44, and a filter 46 that removes
foreign substances contained in the water suppiied from
the water supply source 44.

Between the liquid-sending pump 42 and the

processing head 9, a check valve 47 that prevents flowing




wat er back to the |iquid-sending. punp 42, a third

el ectromagneti c val ve 48, the opening/closing of which

is controlled by the controlling neans, an

accunul ator 49 that prevents.the pul sation of the

wat er sent and supplies high=pressure water to the
processing head 9, and a filter 50 that renobves

foreign substances in the water are provided in this
or@de T beak He tidst ddarmid-sprdinge miimpy 42umd £higide.

Al so, the conduit 43 fromthe water supply source 44 .
t &l neen edtisr age- Mearfé 4 Lhgnh PRere nIfd s B G grfich is

th | i qui d- di to th [ h 9
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storage tank 41 when, for exanple, stopping the hybrid

| agle rPaA@E $HJVE RRPAMAS slordidd: tHenPress Wit ream
adjustnment valve 52 is provided to maintain the

prlesgurce sehdilmey pgung die afidehe conduit 43 fromthe

i quid-sending punp 42 to the processing head 9 to be
const aAllsof 00h81 cofibaipr d8edsiong theawaderasuppdwn siomrce 44
Figure 2, includes: a housing 61 fixed to an upper

sHf &de oR e sta@asertank 41 enchdia €BEHA from the

bet ween the upper surface of the chamber 1K9n t he

hddSHG " EENGEAE PUParfspdieithe Prpcessing head § are

connected via two parallel conduits 43, and one of the
conduits 43 is provided with a fourth electromagnetic
valve 51, and the other conduit 43 is provided with a
pressure adjustment valve 52.

The fourth electromagnetic valve 51 is used to
return water from the liquid-sending pump 42 to the water
storage tank 41 when, for example, stopping the hybrid
laser processing apparatus 1, and the pressure adjustment
valve 52 is provided to maintain the pressure of the
inside of the conduit 43 from the liquid-sending pump 42
to the processing head 9 to be constant.

(0013}

The processing head 9, as shown in Figure 2,
includes: a housing 61 fixed to an upper surface of the
chamber 4; a jet nozzle 62 held between the upper surface

of the chamber 4 and the housing 6l; and a transparent




gl ass plate 63 provided between the jet nozzle 62 and
the condensing lens 33. In a side surface of the
housi ng 61, a connection port 6la, which is connected
to a liquid passageway 64 to;geg bet ween the gl ass
plate 63 and the jet nozzle 62 and is al so connected

to the above conduit 43, is provided, and water
supplied fromthe liquid supply nmeans 8 flows from

t K 3EnReétticord hariovared hed-wara [thquilet pessddedy and the

64, %pd t.hen.is 'g&}ed fromthe jet nozzle 62 in the
f6PW|§PSﬂW§I%%ﬂﬁ col uim W The jet nozzle 62 fits

into t f I d ti f the _h i1
10 LR SSBLEE, SRk 8RR <FRCaRRALLSNSO!, bhohadais
h [ 1 h f f, .t
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65a, provided on the condéensing lens 33 si

camverig agdso @uam@dthel Wy ke edodandrivsecary] angl ed
surface 65¢c diverging froma m ninmum di aneter portion
6Plrogfidekle ahidr statanglsegbpsureidader ofba hieoidrcah itthesupply means
wor kpi ece 2 side. In this enbodi ment, the dianeter of

t Be fhomismimond itéuee comnemttiicon 651 ¢dr Bats0 theorl igpsis]

and in this enbodi nment, specifically, the dianmeter of

t K8 SRPAENEM odiraddCet hsdy tisod e65i8d Srom pheTHetynpeele 62

CoRaERE! AGTeRE 5° nBel cedumba o the housing 61

using ?hgu5e§6n095§¥685iEgtgaiggoighghgekkggigf'algower
end portion of the housing 61 and is held between the
lower end portion of the housing 61 and the upper surface
of the chamber 4, and a jet hole 65 is formed at the
center of this Jjet nozzle 62.

This jet hole 65 has a first angled surface 65a,
provided on the condensing lens 33 side, converging
toward the workpiece 2 and a second angled surface 65c
diverging from a minimum diameter portion 65b of the
first angled surface 65a toward the workpiece 2 side.

In this embodiment, the diameter of the minimum
diameter portion 65b can be 50 pm or less, and in this
embodiment, specifically, the diameter of the minimum
diameter portion 65b is 20 pm.

The glass plate 63 is located between the jet noz:zle

62 and the condensing lens 33, and is secured to the

housing 61 using a nut 66, preventing water in the liquid




’ passageway 64 fromleaking to a space above the gl ass
plate 63, and also, it transmts the |aser beamL
condensed by the condensing |l ens 33. [0014]
Hereinafter, the operation of hybrid I aser
processi ng apparatus 1 having Such configuration wl|l
be described. First, a door of the chanber 4 is
opened, and the workpiece 2 is set on the processing

t A515E 29V GheiFon Neadddld it @ eRage ahaeEpythehglass

i nsi_de the chanmber 4 _being .solated in a state in
\M%uslc‘:"‘h 5 %f:”u's “edgtaajgsé)s- t rﬁra’h"g‘ﬁiﬁ%tt%t%gaéareﬁ%ﬁm B
SRRERIerRA 1o S LUTAlId N, TRaNs gontrols the | iquid
supply nmeans "8 to start sending water in the water
sti@pagg tank 41 toward the processing head 9 by neans

of the liquid-sending punp 42. The water storage tank
41 is Heupphh€dew,tBha sybihelBAt 02MRUALLRE gWak8E DY

the water supply source 44 in advance. The water sent
by ricloe sisiigg dppanditng QuMavidg ahier copdEgniativoughl be
the check valve 47 and the third electronagnetic
valeper4®edi.l ows into the accunmul ator 49, and the
accunulator 49 is filled with the water and the high
pressufFerdht e fgosupfl tbd ghavbes dhéspppessdingnd the
head . 9., Upog the liquid passageway 64 being filled
MwFﬁkPﬁgcehi ght SpPEds e Wit &1 048 SFEEG iH58d Calbovéndt fidren
R, BORISUEe clMAG, | ihe Byl ISR L Y St 4

being isolated in a state in which it is kept gas-tight

against the external space.

Next, the controlling means controls the liquid
supply means 8 to start sending water in the water
storage tank 41 toward the processing head 9 by means of
the liquid-sending pump 42. The water storage tank 41 is
supplied with a sufficient amount of water by the water
supply source 44 in advance.

The water sent by the liquid-sending pump 42, after
passing through the check valve 47 and the third
electromagnetic valve 48, flows ‘into the accumulator 49,
and the accumulator 49 is filled with the water and the
high pressure water is supplied also to the processing
head 9.

Upon the liquid passageway 64 being filled with the

high pressure water as described above, the high pressure

water is jetted from the jet hole 65 of the jet nozzle 62




in the formof the Iiquid colum W and reaches the
wor kpi ece 2. However, the liquid colum Wjetted at
this time wll be disturbed by gas current flow ng
around the jetted liquid col ygn_W because the inside
of the chanber 4 is not in a vacuum state, and
accordingly it wll diffuse before reaching the

kRi 2. Y the liquid col W beij jetted,
CHE R A Heare 01130 & L dbednch i adliAT diney

way ecelvwed by the catcher 21 via the workpiece 2
anéﬁgﬁéﬁgz é@ive sheet 2B, and the water that has

b h ' |at .the.,
pot o SartEeR of 1 REehamogr i Ao UREERLSE, Tyl B me
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the actuation of the liquid supply neans 8, the

cHtiEaisel g ivegnseeoiting $heherogadpiedea®st nmeans 5 to
first actuate the oil-sealed rotary punp 11 and open

the fi PBPRefBet LoABGAerPeuprl Yebeingagestedsuthe drRpénage
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2B, and the water that has bounced off the workpiece 2
and accumulated at the bottom portion of the chamber 4,
by means of the drainage pump 23 via the drain 22, and
drains that tc the outside. Specifically, providing the
catcher 21 at the position where the liquid column W is
jetted makes it possible to reduce the amount of
vaporization in the chamber 4.

(0015)

In parallel to the actuation of the liquid supply
means 8, the controlling means controls the gas exhaust
means 5 to first actuate the oil-sealed rotary pump 11
and open the first electromagnetic valve 14. As a result,
the oil-sealed rotary pump 11 aspirates a gas in the

chamber 4 via the gas exhaust hole 4a, lowering the gas

pressure in the chamber 4, and a certain degree of vacuum

state is thereby formed.




The control ling means actuates the diffusion punp 12

after a predeterm ned period of tinme has passed from

the start of the oil-sealed rotary punp 11 actuati on,

or when the gas pressure in cghanber 4 falls to a
predeterm ned gas pressure of less. Upon the start of

the diffusion punp 12, the controlling neans cl oses

the first electromagnetic valve 14, and opens the

second T8re EONEREdIdNid MEainFe art Uaisse &dpe dusien pump 12

t th = | ed t , 11. tl

T PSSR B o S 15 dsirih ST aPd Horom the
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| igHd breQidip: Wy etd£gd fromthe processing head 9
vapori zes, and the inside of the chanber 4 has a high

densi t ypoh wakektwdRohf Bile LAE fAislionsS @agd 120t &he

punp 11 having the characteristic of wthstanding
nucgtturcd lexppsnran s sclprsdfertatd e frat tdliectwmpoghearid .valve
The control Il ing means actuates the diffusion punp 12 -
uritd:l anse gRresvessing arridhes Mortigrinepmet i vdIneshdd, instead,
and during that tinme, it nmintains the vacuum state
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ir 5 og‘lls;elgr;%éﬁ{}rxqglttg%e ncgvt ﬂgs%flgﬂn%lzu%% 01f2 tnhoew Cahs%njprearte4s the gas
in the chamber 4 via the gas exhaust hole 4a, lowering
the gas pressure in the chamber 4, and a higher degree of
vacuum state is thereby formed.

Here, immediatelf after the actuation of the gas
exhaust means 5, the liquid column W jetted from the
processing head 9 vaporizes, and the inside of the
chamber 4 has a high density of water vapor, but the oil-
sealed rotary pump 11 having the characteristic of
withstanding moisture exposure is preferable for this
embodiment.

The controlling means actuates the diffusion pump 12
until the processing on the workpiece 2 is finished, and
during that time, it maintains the vacuum state in the
chamber 4.

[0016]
As described above, as a resulting of bringing the

inside of the chamber 4 into a vacuum state by means of




15 the gas exhaust neans 5, no gas flows around the
liquid colum Wjetted fromthe jet hole 65, and the
liquid colum Wreaches the workpiece 2 in a stable
state w thout being disturgeqsbx the gas current. By
closing the third el ectromagnétic val ve 48

thereafter, the high pressure water with no pul sation
is jetted fromthe accumulator 49. Wien the dianeter
of tHh A RHRAHT, dMRARY Dorte ofes eblpwT atrupdithp| blquid
65 1.5. 20 gm described in, this  enbodi nept, a stable
|G d L?r?rﬁtsf\ﬁcg He tjd'é‘? t5F BPLBrigiaty tihe ghkauid
PreESSIE o G er 4 .nto a.yvyacuum_,state aqf

appr ggrlfnmyt reli%/%ﬁ%ge by r&e‘g@}nesceoféltl_ﬁ’e agasstabzlx%a%ﬁte
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is brought into a vacuum state of” approxi natel y

hRe aisirabled dd iiinth (i WY 1GAN 4 diRldafkQ4eN e igh
the diameter of the m nimum dianmeter portion 65b is 5
MpresGilral watke diatemeognildation 4 Sttt dmerad i

by neans of the controlling nmeans in parallel to the
opFarcariudd tafr t4%8 gas exhaust neans 5 and the liquid
supply nmeans 8, and the laser oscillator 7 starts

osci | | YPPRgthRediasetepeah the Mowdtem dihmeter portion
controlling nmeans positions the reflective mrror 3la

ofo Th@Ts it dietmdidse FP drf (He Homs csqrdttedofin Hais
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bringing the gas pressure in the chamber 4 into a vacuum
state of approximately 100 hPa by means of thé gas
exhaust means 5. Aiso, if the gas pressure in the
chamber 4 is brought into a vacuum state of approximately
10 hPa, a stable liquid column W can be jetted even when
the diameter of the minimum diameter portion 65b is 5 um.
[0017] | s
The laser oscillator 7 starts operating by means of
the controlling means in parallel to the operation of the
gas exhaust means 5 and the liquid supply means 8, and
the laser oscillator 7 starts oscillating the laser beam
L.
However, the controlling means positions the
reflective mirror 3la of the shutter means 31 on the
optical path of the oscillated laser beam L, and the

laser beam L is guided by the reflective mirror 31la to




the danper 31b and the energy of the |aser beamL is
absor bed. Then, when the inside of the chanber 4 is
brought into a vacuumstate, and the liquid colum W
jetted from the jet hole 65 reaches the workpiece 2
in a stable state in the chanmber 4, the controlling
means noves the reflective mrror 31la to the outside
of the optical path of the |laser beamL, and as a

r €St tdanpRr | derandabhe erergvmibrgerl semdoean L is

COQ%QQ%%” lens 33 after it is reflected on the
ret1ec "mrror 32. The condensed | aser beam L

passes tloUgh e gl 455l 842,00 Al YL ch:

the |iquid passageway an t

t hignfd raStva’_’@ler@dst%’tfé acﬁiﬁ%éa%f@;idajn@ llg{_fﬂ t%%?fet?{erd% from

is guided into the li‘quid c

sitiee fde Hdawiah calavme Whas deaghedd he ﬂ%u@edﬁ% gstate

in a stable state, the |aser beamlL iIs théh

t hien Witk piteneo e Whi | thdeidiy repeiediear LB £t he

within the liquid colum W Meanwhile, if the jetted

| impfi lecdolvermiWior Histtur bdoe beftoriele toff adohesptiheal path
wor kpi ece 2, the |aser beam L cannot be repeatedly

r &l ddreed afiathibeamhdl iapd dis colngruly, Mhichiamkeddam L is

irggggg ble to quide the |aser =~ beam L to the workpiece
2 TResliRY dihe fnastimple, lenthed dfdrehedmis reflected

| eaki,ng to t-he outside on its way in the |iquid

R e[%(?fﬁlvﬁ MIAZYT fi9rg to the above

enbOdi%ﬁ@tcoﬁaeﬂsggsﬂg%e%fbeam I. passes through the glass
plate €3 and the water in the liguid passageway 64, and
then is reflected on the first angled surface 65a of the
jet hole 65 and is guided into the liquid column W, and
at this time, since the liquid column W has reached the
workpiece 2 in a stable state, the laser beam L is then
guided to the workpiece 2 while being repeatedly
reflected within the liquid column W,

Meanwhile, if the jetted liquid columﬁ W is
disturbed before it reaches the workpiece 2, the laser
beam L cannot be repeatedly reflected within the liquid
column W, which makes it impossible to guide the laser
beam L to the workpiece 2 as a result of, fof example,
the laser beam L leaking to the outside on its way in the

liquid column W,

[0018]




bringing the inside of the chanber 4 into a vacuum
state by neans of the gas exhaust neans 5, the liquid
colum W can reach the workpiece 2 in a stable state
wi t hout turbul ence of the |i_gyird_colum Weven through
the liquid colum Wjetted fromthe jet hole 65 has a
smal | diameter. Al so, conventionally, in order to

psatr g\k/)! ég e|tor]ft al%lgov'\‘_lg)w q_ﬁgol um W an air pocket IS tg of
fI d. th t
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by that amount. [00191 Al so, regarding the gas

exthatstl aresno B, thdl 1igsid edndhirante vd o SN the lquld
punps, that is, the oil-sealed rotary punp 11 and the
diddlgirod gt ek, £ rzone wWsedidtorhal e Ve hams pungmalbltdiameter.
t he vacuum punp may i nclude only one vacuum punp,

that i §1St°he convesddlosd llovariy paderito stepdydijed dhe
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Figure 2 is an enlarge dlagra pr ocessi ng 'hea

this embodiment, the inside of the chamber 4 is brought

intoc a vacuum state, so that no air pocket is needed, and

the jet nozzle 62 and the workpiece 2 can be made closer

to each other by that amount.

[0019]

Also, regarding the gas exhaust means 5, in this
embodiment, two vacuum pumps, that is, the oil-sealed
rotary pump 1l and the diffusion pump 12, are used for a
vacuum pump, but the vacuum pump may include only one
vacuum pump, that is, the oil-sealed rotary pump 11,
depending on the diameter of the jetted liquid column W,
and contrarily, it can also include three or more vacuum

pumps.

Brief Description of the Drawings

[6020]




Description of Synmbols [0021) 1 hybrid |aser
processi ng apparatus 2 workpiece 3 processing table
4 chanmber 5 gas exhaust nmeans 6 drai nage neans 7
Iaser oscillator 8 liquid supgly_means 9 processing
head 11 oil-sealed rotary punp 12 diffusion punp 21
catcher 62 jet nozzle L laser beam WIiquid colum
19 - ﬁ A hybrid | aser proceSS|ngﬁﬂpparatus
i ncl udi ﬁ&uarep od&ﬁ%@%@é@%tngir@ﬁléw | @ Ny laser

d th
hILi:RI%A pr ess E?rq"’fs}?déj %%%‘9%&%%%%: oc@b’% In‘%'f Jt’?f;j.fmft' and
OSC|IIQﬁ%§rga%e %%n%nl%qEV%p%Q r%% Rer %P&gbp ssing head.

processing on a or jetting th

supplied fromthe liquid supply neans fromthe jet
hole to the outside in the formof a liquid - colum
‘anmk g iitnigrt her |ag@ioeam to the liquid col um,
characterized by conprising: a chanber that encloses
at[00211}

1 hybrid laser processing apparatus
2 workpiece

3 processing table

4 chamber

5 gas exhaust means

6 drainage means

7 laser oscillator

8 liquid supply means

S processing head

11 oil-sealed rotary pump
12 diffusion pump

21 catcher

62 jet nozzle

L laser beam

W liquid column




| east a space fornmed between the processing head and
the workpiece; and gas exhaust neans for bringing the
inside of the chanber into a vacuum state. 2. The
hybrid | aser processing appargt¢ls according to claim
1, characterized by conprising drai nage neans

i ncluding a catcher, provided bel ow t he workpi ece,
that receives a I|qU|d t hat habgﬁenetrated t he

wor kpi ece; and a dralnage at aspirates the
liquid in the catcher and drains it to the outside of
the chanber. 3. The hybrid | aser processing appar at us

apfprdimg}}}fhﬁft £ladml o&ssczh'@ 2&1&%{)24){ gg'lc?lnﬂlrﬁ; a

di anet er e j et o eisn
processing head having a jet hole, lquld supply means

for supplying the processing head with a high-pressure
liquid, and a laser oscillator that oscillates laser beam,
the apparatus performing processing on a workpiéée by
jetting the liquid supplied frdm the liguid supply means
from the jet hole to the outside in the form of a liguid
column and guiding the laser beam to the liquid column,
characterized by comprising: a chamber that encloses at
least a space formed between the processing head and the
workpiece; and gas exhaust means for bringing the inside

of the chamber into a vacuum state.

2. The hybrid laser processing apparatus according to
claim 1, characterized by comprising drainage means
including a catcher, provided below the workpiece, that
receives a liquid that has penetrated the workpiece; and
a drainage pump that éspirates the liguid in the catcher

and drains it to the ocutside of the chamber.

3. The hybrid laser processing apparatus according to

claim 1 or 2, characterized in that a diameter of the jet

hole is no more than 50 pm.




