2 8 MAY 2004 - 1 LASER ETCH NG METHOD AND APPARATUS THEREFOR BACKGROUND OF

THE I NVENTION Field of the Invention 5 The present invention relategiiﬁA 2004
| aser etching nethod and a | aser etching apparatus for working an rticle
with a [ aser beam and nore particularly to a |aser etching nmethod and a

| aser etching apparatus capable, in worki'hg the article of an inorganic 10
subst ance, of working w thout generating deposition around the etching
position, and adapted for fine working of a material for a m cromachi ne,

an |C or a diode device. Related Background Art 15 In fine working of a

structural menber by rlaser ENH I GETHoD ANHIHEFERATUL Hidddgs @ harmonic
wave of an excinmer |laser or a YAG | aser. However, as the energy density of

the laser light in the oscillated pulse is limted to a |level of 100 20
megawatts at maxi mum such |aser working nethod is hardly applicable to an
article fornmedatKGROUNDr QENTHE WEVENTabnand is only applicable to the
sublimation ablation working of articles principally conposed of organic
materials. ForFiéld e€atba, Inhentias working 25 of the article forned of

i norganic materials has been achieved by a |ithographic process including
steps of ®resist coBd¢npresestsinpantéoni nglbyesxposar baseeskesthing

method and a laser etching apparatus for working an
article with a laser beam, and more particularly to a
laser etching method and a laser etching apparatus
capable, in working the article of an inorganic
10 substance, of working without generating deposition
around the etching position, and adapted for fine
working of a material for a micromachine, an IC or a
diode device.
Related Background aArt
15 In fine working of a structural member by laser
working, it is customary to utilize a harmonic wave of
an excimer laser or a YAG laser.
However, as the energy density of the laser light
in the oscillated pulse is limited to a level of 100
20 megawatts at maximum, such laser working method is
hardly applicable to an article formed of an inorganic
material and is only applicable to the sublimation
ablation working of articles principally composed of
organic materials. For this reason, the fine working
25 of the article formed of inorganic materials has been

achieved by a lithographic process including steps of

resist coating, resist patterning by exposure, resist




2 8 MAY 2004 - 2 devel opnent, etching utilizing the resist pattern and
resist ashing for each material, but such process is associated mﬁi@ Y
drawbacks of an increased cost resulting fromthe conpl ex process s S@ JW%
a large 5 investnent for the production _facility in consideration of the
process tact time. In order to resolve such drawbacks, the present
appl i cant proposes, for exanple in the Japanese Patent Application No.
11-316760, a | aser working nmethod for 10 fine working of a structure in an
article formed of inorganic materials by sublinmation abl ation working,
utilizing a featuskophaht] hetbnsey Likghizenyt ted tesise phasernosaid | at or
with a pulse emssion tine of 1 picosecond or |less has a drastically high
energy 15 densréyisnh ashknanfloa €eahumetehaslt hbukasech| pghtess imot
converted into thermal energy but is directly converted into a lattice
bond cl eavi ng anepgyabedawsth dfavhacker 9fspprintasaseilr £aditati on tine.
However the above-nentioned |aser working nethod 20 for sublimation

abl ati on morkiﬁ@SV%téa@aSF@mthétEﬁmﬁéextHéoﬁﬁﬁﬁcﬁéePﬁrﬁBG 8f 1e8%&S nor gani c
material by ablation sublimtjon, but, in certain materials, .the

subl i mat ed andig#@FErent afehsthe HBP@EEFéQ“lﬁ@FéﬁfF¥ 1PaGORSILEEERATILAL i on,
t hereby being |iquefied and Zéagg &EIted in the etching position in the

vicinity ther8bf “BRidPESFPaF BFeby the vicinity of the

In order to resolve such drawbacks, the present
applicant proposes, for example in the Japanese Patent
Application No. 11-316760, a laser working method for

10 fine working of a structure in an article formed of
inorganic materials by sublimation ablation working,
utilizing a feature that the laser light emitted from a
laser oscillator with a pulse emission time of 1
picosecond or less has a drastically high energy

15 density in time and a feature that the laser light is
not converted into thermal energy but is directly
converted into a lattice bond cleaving energy because
of the very short laser irradiation time.

However the above-mentioned laser working method

20 for sublimation ablation working is capable of etching
the article formed of the inorganic material by
ablation sublimation, but, in certain materials, the
sublimated and gasified atoms or molecules instantly
cause recombination, thereby being liquefied and

25 deposited in the etching position in the vicinity

thereof and solidified, whereby the vicinity of the

etching position cannot be maintained clean or the




etching position cannot be nmaintained clean or the 2 8 MAY 2004 - 3 etching
Itself can be prevented by the deposition of such by-products. Such

dr awbacks becone particularly conspicuous in materials in crystallZBéﬂ%ﬂm4
anor phous solid state by 5 coval ent bonds.; The cause for such phenonenon is
not yet clarified, but is considered to be inherent to the materials
havi ng coval ent bonds of a higher bonding energy, since the
above-nenti oned drawbacks are not conspicuous in the crystalline materials
based on netal 10 bonding or ionic bonding or in the anorphous materials
based on i oni cebeRThg§gi tSMFARYNObeTHEeNIENE BN Ithec depioddrdidrom df t he
foregoing, the object of 15 the present invention is to provide a |aser
etching met hoduanhdbg-paséucesehi ng apparatus capable, in |aser etching of
an article formed of an inorganic material, of working w thout deposition
around the etchi ng Spobi drawbantisobetpre RBLkiAYLlASLYaceRs@dicaoust 1 20

m cromachi ne, an | C or a diode device. The above-nentioned object can be
attai ned, accPerEpRyals LRecpreserLinfyert PBR*PBPUE FRidA &tE&HePY net hod
and a | aser etchin agparatus constructed as described in the follow ng
(1) to (3%): 25°vajen IQ@@?SetcﬁpﬁgcﬁﬁFﬁoéoFo?USBtPeﬁpoﬁﬁﬂ%ﬁ(ﬁ? RYr ki ng by

irradiating a work article _fornmed.of
g vet clarified, But is considered to be inherent to the

materials having covalent bonds of a higher bonding

energy, since the above-mentioned drawbacks are not

conspicuous in the crystalline materials based on metal
10 bonding or ionic bonding or in the amorphous materials

based on ionic bonding.

SUMMARY OF THE INVENTION
In consideration of the foregoing, the object of
15 the present invention is to provide a laser etching
method and a laser etching apparatus capable, in laser
etching of an article formed of an inorganic material,
of working without deposition around the etching
position and of fine working for a material of a
20 micromachine, an IC or a diode device.

The above-mentioned object can be attained,
according to the present invention, by a laser etching
method and a laser etching apparatus constructed as
described in the following (1) to (33):

25 (1) A laser etching method for optical ablation

working by irradiating a work article formed of

inorganic materials with a laser light from a laser




i norganic materials with a laser light froma laser 2 8 MAY 2004 - 4
oscillator capable of emtting in succession light pulses of alar MAY 2004
energy density in space and tinme with a pulse radiation tinme not exceedi'ng
1 picosecond: wherein, in |aser etching-ofs the work article 5 formed of the
i norganic material by irradiation thereof wth the |laser light fromthe

| aser oscillator wwth a predetermned pattern and with a predeterm ned
energy density, there is utilized nmeans for preventing deposition of a
wor k by-product around the etching 10 position. (2) A |laser etching nethod
according to (d3ginheter ncaphiel apafsehbttpngvint sngecdepbent Loghsf the work
by- product around the etching position is adapted for working the work
article by irrpdlsesonfwet hardre ¢asegy 18enighy, ibyspacer ahdt EAMe Wdddi ati on
with an interval |onger than the oscillation frequency of a pulsed |aser.
(3) A laser etzhpwhsereradtabtenr HiRg POt (2xCeamtndi h PLRESREQRS *f or
preventing deposition of the work by- roduct around the etching

position is adaptedw$%FehBrk%%gl?ﬁ%rmﬁggthgiEFetB? FPFRJPEETGNSwi th the
laser light, in a state where a 9asg flomgis geﬁerated LQ thg wa%Of
posi tion ®f t hECTBER AF t FRPelNPUYIRIFLBFCEIRhi RY HBERGEEEREr &PRGES (3),
wherein 25 the, gas floy in, the,prk BRSthLonagh-t BEYRIK B! LR a
predetermined pattern and with a predetermined energy
density, there is utilized means for preventing
deposition of a work by-product around the etching
10 position.
(2) A laser etching method according to (1), wherein
the means for preventing deposition of the work by-
product around the etching position is adapted for
working the work article by irradiation with the laser

15 light, by intermittent irradiation with an interval
longer than the oscillation frequency of a pulsed
laser.

(3) A laser etching method according to (1), wherein
the means for preventing deposition of the work by-

20 product around the etching position is adapted for
working the work article by irradiation with the laser
light, in a state where a gas flow is generated in the
work position of the work article.

(4) & laser etching method according to (3), wherein

25 the gas flow in the work position of the work article

is an air flow.

(5) A laser etching method according to (3), wherein




is an air flow. (5) A laser etching nethod according to (3), wherein 2 8
MAY 2004 -5 the gas flowin the work position of the work article iﬂsMﬂ(mev
nitrogen flow (6) A laser etching nethod according to (1), vvhereir? the
means for preventing deposition of the worsk by 5 product around the etching
position is adapted for working the work article by irradiation with the

| aser light, by executing laser light irradiation in a state where the
work article is positioned in an atnosphere other than air. 10 (7) A | aser
etching nethod according to (6), wherein the atnosphere other than air is
gas of an atontle gwes ghtownbh| thethankt pasibioni 0fogka wokkcakgiclg) A

| aser etching nmethod according to (7), wherein the gas is heliumgas. 15
(9) A laser ethimgnietdgenattowding to (7), wherein the gas is hydrogen
gas. (10) A laser etching nethod according to (6), wherein the atnosphere
other than air(6}s |Aqglasenfetphtng medrond aeeasding the(ldseVPPEGAR. 20
(11) A laser etching nethod according to (10), wherein the |iquid
transmitting t¥hRe |BE¥RS | FgRtPFRVeRELRT (ep9Satigrerfothfi HgrhePHod

sn t | At -Ha! Kod
accor ding 1o (10 au el llna e’ $8UhIns" BOSILIEN s G838 " b0t 1S

working the work article by irradiation with the laser
light, by executing laser light irradiation in a state
where the work article is positioned in an atmosphere
other than air.

10 (7) A laser etching method according to (6), wherein
the atmosphere other than air is gas of an atomic
weight smaller than that of nitrogen molecule.

(8) A laser etching method according to (7), wherein
the gas is helium gas.

15 (9) A laser etching method according to (7), wherein
the gas is hydrogen gas.

(10) A laser etching method according to (6), wherein
the atmosphere other than air is liquid of which medium
transmits the laser light.

20 (11) A laser etching method according to (10), wherein
the liquid transmitting the laser light is water.

(12) A laser etching method according to (10), wherein
the liquid transmitting the laser light is silicone
oil.

25 (13) A laser etching method according to (1), wherein

the means for preventing deposition of the work by-

product around the etching position is adapted for




25 (13) A laser etching nmethod according to (1), wherein the neans for
preventing deposition of the work by- product around the etching position
is adapted for 2 8 MAY 2004 - 6 working the work article by irradi gtg @my 2004
with the laser light, in a state where_tle work article is heated to 200C
or higher. (14) A laser etching nethod according to (1), wherein 5 the
means for preventing deposition of the work by- product around the etching
position is adapted for working the work article by irradiation with the
laser light, in a state where the work article is provided in a gaseous
at nospher e notyexeeegl tige 10ofer artiflélby Artadeatedtshwnghnmebhbodaaecor di ng
to (1), wherein the inorganic material is a crystal of coval ent bond.

(16) A |l aser etodihtg hethodtateowdeng tbe(ddprkwhetéeche ifheheabedanic
material is crystal or anorphous silicon. (17) A laser etching nethod
according to (299°oher ehihghérthe i norganic material is a silicon conpound.
(18) A laser etching nmethod according to (1), wherein the |aser oscillator
has a spatial CbhpreskesardetreengfBethpgdhtcppspipdt Fon{lf19yhareager
etching nethod according to (18), wherein 20 the spatjal coppression

devi ce fo? Iigﬁmepm%%%ﬁafPBnpf%ﬁﬁﬁFFgﬁsdEH??thanpﬁEsEhﬁeHQFEtPﬁﬁ neans and

gf;égfg:ng”gﬂg?§%$@${gg#%ggéoghgﬁggghgﬁélbggggiggeigpgaggLedmggglength

working the work article by irradiation with the laser
light, in a state where the work article is provided in
a gaseous atmosphere not exceeding 10 Torr.
10 (15) A laser etching method according to (1), wherein
the inorganic material is a crystal of covalent bond.
(16) A laser etching method according to (1), wherein
the inorganic material is crystal or amorphous silicon.
(17) A laser etching method according to (1), wherein
15 the inorganic material is a silicon compound.
(18) A laser etching method according to (1}, wherein
the laser oscillator has a spatial compression device
for light propagation.
(19) A laser etching method according to (18), wherein
20 the spatial compression device for light propagation
comprises chirping pulse generation means and vertical
mode synchronization means utilizing the optical
wavelength dispersing characteristics.
(20) A laser etching apparatus provided with from a
25 laser oscillator capable of emitting in succession

light pulses of a large energy density in space and

time with a pulse radiation time not exceeding 1




(20) A laser etching apparatus provided with froma 25 |aser oscillator

capable of emtting in succession |ight pulses of a | arge energy dmyﬂgé
in space and tinme with a pulse radiation tine not exceeding 1 2 8 B%
- 7 picosecond and adapted for optical ablzation working of a work article
formed of inorganic materials by irradiation of the work article with a

| aser light from the laser oscillator with a predeterm ned pattern and 5
with a predeterm ned energy density, the apparatus conprising: neans for
preventing deposition of a work by- product around the etching position for
| aser et chi ng pimpsagad anrdnadirted for kopFidel ealbhbahien gforkiengQot
inorganic material. (21) A laser etching apparatus according to (20),

wher ei n t he mesaneforapkicdknt fernerposi noreatie Hea WRFi@1dyR2Hr oduct around
the etching position is nmeans including a mechanical_ shutter for _achieving
15 i ntermit t edtr 43Rk o W erf et vate Iwhigera thaseT it FPSti on

frequency of a pulsed laser b controlling the laser Light fromthe |aser
osci | | at or bf*’t?péﬁ%’bs%s%}lil?m’f Ther &b ci]?(?%ﬂ“%rﬁ%évé??tern e

_ _ : artrcre. 20
(22 e S PR R I 2, ST BB
I ncl udes meanscomprising:
means for preventing deposition of a work by-
product around the etching position for laser etching
by irradiation of the work article formed of the

10 inorganic material.

(21) A laser etching apparatus according to (20),
wherein the means for preventing deposition of the work
by-product around the etching position is means
including a mechanical shutter for achieving

15 intermittent irradiation with an interval longer than
the oscillation frequency of a pulsed laser by
controlling the laser light from the laser oscillator
by open/close control, thereby working the work
article.

20 (22) A laser etching apparatus according to (20),
wherein the means for preventing deposition of the work
by-product around the etching'position includes means
for causing a gas flow in the work position of the work
article formed of the inorganic material, and adapted

25 for working the work article by irradiating the work

article with the laser light in a state where the gas

flow is caused in the work position of the work




for causing a gas flowin the work position of the work article fornmed of
the inorganic material, and adapted 25 for working the work article by
irradiating the work article with the laser light in a state where] § MAY gilé
flowis caused in the work position of +h& work 2 8 MAY 2004 - 8 materi al
formed of the inorganic material. (23) A laser etching apparatus according
to (22), wherein the nmeans for causing the gas flowin the work position
of the work article is adapted to cause an air 5 flow. (24) A |laser
etching apparatus according to (22), wherein the neans for causing the gas
flow in the workteposl tfermed ¢hetberknargarie nateudpled to cause a
nitrogen flow 10 (25) A |laser etching apparatus according to (20),

wherei n the nebhd) forlpseycptFhindeppRP TS oRCEREIWME kEOby2 AP oduct ar ound
the etching position is neans for. workin thlg wor k giticle 'Hcl udes a
chanber and aWl?%‘?lnt?ré‘?\srﬁ‘??’??nﬁoﬁe%‘é?“g%pﬁ FeJBF t10%i hY % & E’Rﬁf‘ber,
and 15 is adapted.tpo wor he work article forned t LnQr.gani ¢ .
material by pddfttohAg® h’téh%\o‘?’ TRt EG ?nlstlgéa%ﬁé%bg(rg ?%P%gdg\?’vi lgﬁra

medi um ot her t \,air and closed by the light transmtting nenber, and
irradiating the work article with the laser light 20 through the |ight

transmtting meppera {20drAet@REhgChEPALPELRRPAEBbHE1RGCEAI PO )t 0 (25),
wherein the means for causing the gas flow in the work
position of the work article is adapted to cause a
nitrogen flow.

10 (25) A laser etching apparatus according to (20),
wherein the means for preventing deposition of the work
by-product around the etching position is means for
working the work article includes a chamber and a light
transmitting member capable of closing the chamber, and

15 is adapted to work the work article formed of the
inorganic material by positioning the work article in
the chamber filled with a medium other than air and
closed by the light transmitting member, and
irradiating the work article with the laser light

20 through the light transmitting member.

(26) A laser etching apparatus according to (25),
wherein the medium filled in the chamber other than air
is gas of an atomic weight smaller than that of
nitrogen molecule.

25 (27) A laser etching apparatus according to (26),

wherein the gas is helium gas.

(28) A laser etching apparatus according to (26),




wherein the mediumfilled in the chanber other than air 1is gas of an
atom c weight smaller than that of nitrogen nolecule. 25 (27) A Ia%er

et ching apparatus according to (26), wherein the gas is heIiun1gas.[kﬂé%2MM
| aser etching apparatus according to (26)g 2 0 MAY 2004 9 wherein the gas
I's hydrogen gas. (29) A |aser etching apparatus according to (25), wherein
the mediumfilled in the chanber other than air is liquid capable of
transmtting the laser light. 5 (30) A |aser etching apparatus according to
(29), wherein the liquid transmtting the laser light is water. (31) A

| aser et chi ng @RPeE Ah USh&8CHAS di 80hy@rdgan, gagherein the liquid transmtting
the laser light is 10 silicone oil. (32) A |laser etching apparatus

according to (289) aweser netdieingaasphoatps eyendiaingepos{ 2bon of the work
by- product around the etching position is includes a heater to be
controll ed at wheuretet ehai meditenpel bedr &n 18hdychamper apther athast RAg neans
and is adapted for working the work article by maintaining the work
article formedioflidqeid norpaiple afit EFpasnatting theelidtefnihghtt enperature
and irradiating the work article with the |aser Iight. 20 &§§) A | aser

et chi ng appar at3R) akchrepRgetehipg)apparatus according to (29)%

wherein the liquid transmitting the laser light is
water.

{31) A laser etching apparatus according to (29},
wherein the liquid transmitting the laser light is

10 silicone oil.

(32) A laser etching apparatus according to (20),
wherein the means for preventing deposition of the work
by-product around the etching position is includes a
heater to be controlled at a predetermined temperature

15 by temperature adjusting means and is adapted for
working the work article by maintaining the work
article formed of the inorganic material at the
predetermined temperature and irradiating the work
article with the laser light.

20 (33) A laser etching apparatus according to (20),
wherein the means for preventing deposition of the work
by-product around the etching position includes a
chamber and a light transmitting member capable of
closing the chamber, and is adapted for working the

25 work article formed of the inorganic material by

irradiation with the laser light, by positioning the

work article in the chamber evacuated to a pressure to




wherein the means for preventing deposition of the work by-product around
the etching position includes a chanber and a light transmtting n&gfﬁl
capabl e of <closing the chanber, and is adapted for working the 25 r AY 2004
article formed of the inorganic material uy —irradiation with the |aser
l'ight, by positioning the work article in the chanber evacuated to a
pressure to 2 8 MAY 7004 - 10 a pressure not exceeding 10 Torr and cl osed
by the light transmtting nenber and irradiating the work article with
the laser light through the light transmtting nmenber. 5 (34) A |aser

et chi ng appar & ysrexoorali mgt tex<¢@8Jingwhere2onr t émd | atesedskby| theor has a
spatial conpression device for |ight propagation. (35) A laser etching
appar at us accokridimg toafsd){tinherenper hend phriadiabhpg ete ovicHkvi ce for

i ght 10 propagation includes chirping pulse generation nmeans and vertical
nmode synchr oniaztioke mebdls the | 12599 fh@htob@F%%ghmﬁb%lbh@Pﬁ di spersing
characteristics. BRI EF DESCRI PTION OF THE DRAWNGS 15 Fig. 1 is a view
showi ng the | dsE3nEEehr P MRRMRRT - i n an enmbodi ment 1 of the present

invention; Fig. 2 is a view showi ng the sequence of . the Iafgé) i rradiation
Fi g.

met hod i m t he %%%bd?n%%ﬁeﬁ.%ﬁc?%%gp?ggﬁﬁ?tu?n@%ﬂ?¥%ﬁ?926° 3is a view

show ng the\Mﬁé%égfge%ﬁg f%ser oscillator has a spatial compression
device for light propagation.
(35) A laser etching apparatus according to (34),
wherein the spatial compression device for light
10 propagation includes chirping pulse generation means
and vertical mode synchronization means utilizing the

optical wavelength dispersing characteristics.

BRIEF DESCRIPTION OF THE DRAWINGS
15 Fig. 1 is a view showing the laser etching method
in an embodiment 1 of the present invention;

Fig. 2 is a view showing the sequence of the laser
irradiation method in the embodiment 1 of the present
invention;

20 Fig. 3 is a view showing the work state of a
conventional laser etching method as comparison;

Fig. 4 is a view showing the work state of the
laser etching method of the embodiment 1 of the present
invention;

25 Fig. 5 is a view showing the laser etching method

in an embodiment 2 of the present invention:;

Fig. 6 is a view showing the laser etching method




conventional | aser etching nethod as conparison; Fig. 4 is a view show ng
the work state of the |laser etching nethod of the enbodi nent 1 of :ng MAY 7004
present invention; 25 Fig. 5is a view showing the |aser etching hod
in an enbodi nent 2 of the present inventipn;-Fig. 6 is a view show ng the
| aser etching nethod 28 MAY 2004 -- 11 in an enbodiment 3 of the present
I nvention; Fig. 7 is a view showing the |laser etching nethod in an
enbodi ment 4 of the present invention; and Fig. 8 is a view showi ng the
| aser etching nethod 5 in an enbodiment 5 of the present invention.
DESCRI PTI ON OR.iTHim RiREFERREEN EMBCRDE VENT S Tdeept ebeventivent i on, in the
embodi ments based on the foregoing configurations, allows |aser etching of
a 10 work article Fiogaed b$ anvieorspevitngatls | basef tdbehigenseibhbdg
deposits around the etching position. In a first enbodinent, the
i rradiation ofin o vergedrent| ¢ ¢§ ERRCRETERF tinTeRetdt t2™ irradiation
I ncluding an irradi ation_pause tine or an interval 15 |O%_(?el’ t han t?e
oscillation frequencd@of8the Puried SPAELRI thRr LBy RT AR dBRSEPH on
around the etchin osition and epapling fine working. of the material for
a ni cronathi né’;“a%“ I%‘l&?é’a‘“ﬁﬁ"ﬁd %IEVFIB .gﬁ%e%ﬁ: onf o 0F A1 ecul ar particl es
rel eased by 20 abl ation generates a plasnma cloud around the etching
DESCRIPTION OF THE PREFERRED EMBODIMENTS
The present invention, in the embodiments based on
the foregoing configurations, allows laser etching of a
10 work article formed of an inorganic material without
generating deposits around the etching position.
In a first embodiment, the irradiation of the work
article is executed with intermittent irradiation
including an irradiation pause time or an interval
15 longer than the oscillation frequency of the pulsed
laser, thereby avoiding deposition around the etching
position and enabling fine working of the material for
a micromachine, an IC or a diode device.
The atomic or molecular particles released by
20 ablation generates a plasma cloud around the etching
position, and such plasma cloud prevents the emission
of the atomic or molecular particles by ablation if the
working is continuously executed. Thus the sublimated
material liquefies or solidifies in the vicinity of the

25 working position, thereby forming a deposit around the

etching position.

On the other hand, in the above-described




position, and such plasma cloud prevents the em ssion of the atomc or

nol ecul ar particles by ablation if the working is continuously ex%f M§€2M4
Thus the sublimated naterial |iquefies or solidifies in the vicini @

the 25 working position, thereby form ng B deposit around the etching
position. On the other hand, in the above-described 2 8 MAY 2004 - 12
configuration utilizing the intermttent irradiation of the work article
with the interval longer than the oscillation frequency of the pul sed

| aser, an etching pause tinme is provided after the etching for a 5

pr edet er ni ned chnGigwonsion hatitheieg chhaginteraitieatt bgrafdiafiPRe Pl asm
cloud of the atomc or nolecular particles is scattered, t hus

It i
rendered posstift e/@BK W RbEFLRHbER t FiR %FB%ﬁﬂa%hQOEQ%ﬁiﬁﬂanp5§ﬁtion,
t her eby avoi ding generation of solid ge 0Si t #0 ﬁrfund t he etghkgg
position. A s®¥5 L AEtIAIEERBORNTENTE RS WOFRPAG TEC exBRBuP&d ' h% state
where a gas flowis caused in the ( Qsjtio .1 he rk article,

t hereby preverR3IHF H%%%s}?i%ﬁog}%%%gafﬁgre%%%i%EgéﬁéQtF§% énd enabl i ng 15

fine working of_the erjial - f I CLO [ ok .a,diLode devi ce.

The aforgienti%ﬁ%é?%%%ﬁ%%éérduﬁéfg%ﬂ}%é ggg?ic %sé?%*gg%eésb§gablation

remain | ess i dhe.yighpliyel bDesHer&ipeal bkoBnbyagohkishen Wi th and
ow

renoval by the gas romthe work position, whereby
molecular particles is scattered. It is thus rendered
possible to hinder deposition around the etching
position, thereby avoiding generation of solid deposit
10 around the etching position.

Also in a second embodiment, the working is
executed in a state where a gas flow is caused in the
work position of the work article, thereby preventing
deposition around the etching position and enabling

15 fine working of the material for a micromachine, an IC
or a diode device. The aforementioned atomic or
molecular particles released by ablation remain less in
the vicinity of the work position by collision with and
removal by the gas flow from the work position, whereby

20 prevented is the generation of solid deposit around the
etching position.

Also in a third embodiment, the working by the
laser light is executed in a state where the work
article is positioned in an atmosphere other than air,

25 thereby preventing deposition around the etching

position and enabling fine working of the material for

a micromachine, an IC or a diode device.




20 prevented is the generation of solid deposit around the etching
position. Also in a third enbodi nent, the working by the |aser Iigﬁga'gyzm4
executed in a state where the work article is positioned in an atnosp”ere
ot her than air, 25 thereby preventing depldsiti on around the etching
position and enabling fine working of the material for a mcromachine, an

| C or a diode device. 2 8 MAY 2004 - 13 1) In case heliumis enployed for
formng the atnosphere other than air, the atom c or nolecular particles
rel eased by ablation show little change in the proceeding direction even
in case of collisioh) wim asaw&wwmm%uml%reg fow BevRieIwehght,

thereby tending to nove straight and remaining less in tﬂg%$xicinity of

t he eécPLng Fd??%@%ﬂﬂeﬁﬁfﬁﬁQﬁrEF%%%nTbﬁ'iEheE%AD@kﬂe?ﬁtT% 8blid deposit
aroun e etching position. n. case rogen ' I df

fgrm: ngd the RO i 2 ’6?}1%?5"?‘%5?12'a?k?l,aiél%%r%/ﬁl%‘ﬂlgglrtgg‘\g/a‘%ﬁ%rggg géﬁ beOr
obtained in case the work. article |s.coO gy kn; addj ti t

t he above-nen?%gﬁé%F%ﬁ?%é&ngr% 5??%50§dg?%§e§?3%?%3;%%Sﬁg%l%ﬁbﬁgh%ggﬁgerOin

combine i Th e R B ST et 0" ba coraer c L PPt S gy
which is gaseous,@y & aRbse abfrd Sgharshy Aaposhing B&98ndnt BReet ching
vicinity of the etching position, whereby prevented is
the generation of solid deposit around the etching
position.

10 2} In case hydrogen gas is employed for forming
the atmosphere other than air, a particular advantage
can be obtained in case the work article is composed of
silicon, in addition to the above-mentioned effect
relating to the atomic weight, though danger in

15 handling increases. The silicon atoms released by
ablation chemically combine with the hydrogen atoms to
be converted into siline gas (SiH,) which is gaseous and
stable and is hardly deposited around the etching
position, whereby prevented is the generation of solid

20 deposit around the etching position.

3) 1In case water is employed for forming the
atmosphere other than air, the atomic or molecular
particles released by ablation are prevented from
deposition in the vicinity of the etching position by

25 the presence of the water molecules and are fetched in

such water molecules, thus being prevented from re-

deposition, whereby prevented is the generation of




position, whereby prevented is the generation of solid 20 deposit around
the etching position. 3) In case water is enployed for formng the
at nrosphere other than air, the atom c or nolecular particles re|e3£é@“ﬁ$m
abl ation are prevented from deposition ijg the vicinity of the etching
position by 25 the presence of the water nolecules and are fetched in such
wat er nol ecul es, thus being prevented fromre- deposition, whereby
prevented is the generation of 2 8 MAY 2004 - 14 solid deposit around the
etching position. In this case, however, it is required that the optical
absor bance of sbheawvdelpoaritt @reunsl Hitghertahiag et tdfon .watley @hds t hat a
gaseous by-product is not generated by 5 ablation (because a gaseous
by- product, i tagenebaweyer,r dinilms mEsIwW aachBINa Y Fheh@BidAdIng positi on
because of the high surface tension of water, thereby hindering the |ight
passi ng by refbsorbemcen @it MK 3 iiigh 15Hreangro Rt k"if}?gt.g Q% 4) In
case silicone oil is enployed for formn t he at nosphere ot her t% n air,
eht from

the atom c or wiatlesc@ngr thedy 3 dasequst &5 WPt s AWM
deposition in the vicinity of the etchin ositipn . by . the pr e of the
siliconedil RABEEHBs (HFFaNsE 5 qaé:tec%%% bB"n'psrt?c ST ilc%rgeer%ﬁeéﬁ% ecul es,

gencr ati on of “EHAAdTod CUTBIRG | HE b gD PO Beduddor
the high surface tension of water, thereby hindering
the light passing by refraction and disabling the high
precision working.

10 4) In case silicone o0il is employed for forming
the atmosphere other than air, the atomic or molecular
particles released by ablation are prevented from
deposition in the vicinity of the etching position by
the presence of the silicone oil molecules and are

15 fetched in such silicone o0il molecules, thus being
prevented from re-deposition, whereby prevented is the
generation of solid deposit around the etching
position. In this case, however, it is required that
the optical absorbance of the work article is higher

20 than that of silicone o0il (a gaseous by-product, if
generated by ablation, can be tolerated as it does not
remain in a state stuck to the work article because of
the low surface tension of silicone o0il, and can be
removed from the work article by a flow caused by the

25 liquid pressure if the viscosity of the silicone oil

based on the molecular weight thereof is maintained

low).




position. In this case, however, it is required that the opti cal
absorbance of the work article is higher 20 than that of silicone ol 1B M%Y 2004
gaseous by-product, if generated by ablation, can be tolerated as it does
not remain in a state stuck to the workarticle because of the |ow

surface tension of silicone oil, and can be renoved fromthe work article
by a flow caused by the 25 liquid pressure if the viscosity of the silicone
oil based on the nol ecul ar weight thereof is maintained |low). 2 8 MAY

2004 - 15 It is thus rendered possible to prevent solid deposit around
the etching positiar hy fteu nenderedl posatindspher @reptengy adhlakd ai r as
explained in the foregoing 1) to 4). 5 Also in a fourth enbodi nent, the
working is exepudisdd iarcarst dthe \weyhe rich@osdrtid aay iy |[fOGMELIHE MBI 2O 200C
or higher, thereby preventing deposition around the etching position and
enabl i ng fi ne awoisiphgrets idhenmthar AT @S 251G GREHMEPSN 1C or a diode
device. 10 The aforenenti oned atom c or nol ecular particles released by

abl ati on requifoeegdimegdr) tiareét ¥-or cooling and |iquefaction by the heat

fromthe heated inorganic material, and |iquefy or solidify. by cooling
fromtheS air in a’&es tiroP AV ef“?k%ﬂﬂ]t"}?g‘ inoraiE e r el 15
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200°C or higher, thereby preventing deposition around
the etching position and enabling fine working of the
material for a micromachine, an IC or a diode device.

10 The aforementioned atomic or molecular particles
released by ablation require a longer time for cooling
and liquefaction by the heat from the heated inorganic
material, and liquefy or solidify by cooling from the
air in a position distant from the inorganic material

15 constituting the work article in the course of flight,
thereby hindering solid deposition in the vicinity of
the etching position, whereby prevented is the
generation of solid deposit around the etching
position.

20 Also in a fifth embodiment, the working is
executed in a state where the work article is
maintained in an atmosphere of a pressure not exceeding
10 Torr, thereby preventing deposition around the
etching position and enabling fine working of the

25 material for a micromachine, an IC or a diode device.

The aforementioned atomic or molecular particles

released by ablation fly in a space of a low pressure




the etching position, whereby prevented is the generation of solid deposit
around the etching position. 20 Also in a fifth enbodi ment, the woykiMAY 200%
executed in a state where the work article is nmintained in an atnosphere
of a pressure not exceeding 10 Torr, thareby preventing deposition around
the etching position and enabling fine working of the 25 material for a

m cromachine, an I C or a diode device. The aforenentioned atom c or

nol ecul ar particles released by ablation fly in a space of a | ow pressure
2 8 MAY 2004 - 16 wth a fewer nunber of nol ecules or atons and show a

| ower probabi kiitth ¢f fEied siwrParetaRdrPIUIRS 9| NG RNY FPige? aver age
flight length, thereby tending to nove straight and remainin Less in the
vicinity of tHeOWRRGAIRPHLTY ih, ChheteiR, hewerd he Qfﬁ’étg‘"e @Fation of

solid deposit around the etchin osjtion..In the follaow ng the present

i nvention wil 127k @ gy e%f’?‘??g%‘gtéfﬁgrb’i/ ey eﬁ‘%ﬂ%o%’ﬁi ﬂ%ﬁ?ﬁnghg?eof .

[ Embodi ment 1] 10 At first reference,is eto Fig 1 for | i pi t he
wor ki ng met hod*te %t@ﬁ%?ﬁ r%'?‘néf R RHY predent” t%?ﬁ/e"rrl ‘lg%)rrlli.‘) +gsgrgel i ght
1, emtt fro n._ unrepresente ' r;=C LLting the
laser |ight wi rpf?e}élrp%ﬁc?%lrrtg ?/n'sh"g?‘% p?ﬁl s?%%é%%nl?i%%%ﬁﬁ?gg%eedi ng 1

pi cosecond), %fé egolbleti %é@&% al &g Y the etching position.

In the following the present invention will be
clarified in detail by preferred embodiments thereof.
[Embodiment 1]

10 At first reference is made to Fig. 1 for outlining
the working method of an embodiment 1 of the present
invention. A laser light 1, emitted from an
unrepresented laser oscillator, capable of emitting the
laser light with an extremely short pulse emission time

15 (not exceeding 1 picosecond), after being modulated by
a mechanical shutter 4-1 into a pulse train 5-1 of
laser light cut in time, illuminates a photomask 6, and
the light transmitted by a mask pattern B is projected
and focused through a projection lens 7. The projected

20 image is focused on the surface of a work article 2
formed of an inorganic material.

The laser light 1 is irradiated in pulses in such
state to effect sublimation ablation working of the
work article 2, and, in the present embodiment, the

25 laser light irradiation is controlled by the open/close

control of the mechanical shutter 4-1 to etch the WOTK

article 2 in an intermittent sequence.




a mechani cal shutter 4-1 into a pulse train 5-1 of [laser light cut in
time, illumnates a photomask 6, and the light transmtted by a IN
pattern 8 is projected and focused through a projection lens 7. ng AY 2004
projected 20 inmage is focused on the surfiate- of a work article 2 formed of
an inorganic material. The laser light 1 is irradiated in pulses in such
state to effect sublimation ablation working of the work article 2, and,
in the present enbodinment, the 25 laser light irradiation is controlled by
the open/close control of the mechanical shutter 4-1 to etch the work
article 2 in an intlr Mihe emrismmamehod G Whe JpoRsenty 2mped im@nhor ki ng
nmet hod of the present enbodinent, the intermttent |laser irradiation
etching was exdwitigttenmi tianbylawen Jr’é‘”s@?‘lﬁl‘@g?ﬁ %‘Fc%l‘\‘r\%v‘éfi‘%n%’f?lcﬁ’Fee}?S nm
a |aser pulse oscillation frequency, I ser 5 i atlon pulse
; Eohle

ggialtohlogeof a%ﬂti@?’ﬂsé’rﬁ o ekRFRIS % o‘b’f |%é‘1’a‘é TR foul es
concentrated in an ml thr rkﬁhe éggask 6 and

the projecti ont3%Hs BHL %ﬁuﬁﬁ?ﬁf#ﬁéh ue?? adr at i ng condf$|on with an

energy. deps tné%qdlﬁé)téénteff@& dfé*@l&x?fop%é&t% sbhtSomcGhastal i

the air erdiure and normal pressure wherein a cycle of
on-state for cf;%? &93;) PO, hE3€r7 PUY SEBedl fotrpadiated by the
train of Iaser pul'ses off-state for 0.5 seconds (the | aser pul ses
are not concentrated in an area of 20 um ¢ through the

photomask 6 and the projection lens 7, namely under a
laser irradiating condition with an energy density of
10 15 terawatt/cm? per pulse, on a silicon crystal in the
air of normal temperature and normal pressure wherein a
cycle of on-state for 0.1 seconds (about 100 laser
pulses are irradiated by the train of laser pulses: X)
and off-state for 0.5 seconds (the laser pulses are not
15 irradiated: Y) are repeated 5 times by the mechanical
shutter 4-1 thereby giving about 500 laser pulses in
total to form an etched hole of a depth of about 30 pm.

The working according to the present embodiment

allows to achieve clean etching without deposit around
20 the worked hole, as shown in Fig. 4.

On the other hand, in case the silicon crystal was
continuously etched in the air of normal temperature
and normal pressure with the total laser irradiation
pulses of about 500 pulses under the laser irradiating

25 condition same as above and with the mechanical shutter

4-1 in the on-state (non-shielded state) for 0.5

seconds, the etched hole showed a depth of about 30 pm,




15 irradiated: Y) are repeated 5 tines by the mechanical shutter 4-1

t hereby giving about 500 | aser pulses in total to forman etched hz) ‘PlA?fZ[m
depth of about 30 pm The working according to the present enbodi man@
allows to achieve clean etching w thout- dgpesit around 20 the worked hol e,
as shown in Fig. 4. On the other hand, in case the silicon crystal was
continuously etched in the air of normal tenperature and normal pressure
with the total laser irradiation pulses of about 500 pul ses under the

| aser irradiating 25 condition sane as above and with the nmechani cal
shutter 4-1 ibutt Heqrefsiteat esilnoresiag debatidied ¥ors@l Bl agepdsthehe
etched hol e showed a depth of about 30 pm 2 8 NAY 2004 - 18  but |iquefied
silicon was depodiadeddle sui isharbuitl Bk hor KEE R Ht bunt HCeg. 3.
The solidified silicon could not be removed easily, by nere rinsing wth
runni ng wat er cBiLch ¥R i8RV Pt € Int |‘?ﬁﬁﬁl§y’éf%rﬂ91d”r¥? hod, the

wor ki ng nmet hod of the present enbodinent allows to forman extrenely clean
wor ked hol e WTHBWHHeBFYET [ Enbodi ment 2] Now reference is made to Fig.

2 for outlini h ' |
outlining t e%hlc%ﬁnmggrkisn& rrvgt%]ggtk?%ségr}gtﬂg e €508 TROEnoA, | aser

light 1, %nitted fr unrepreseln oscillafor, capable of

E)T'Cteteg{‘ggt he 1358 TudhiBlHg dthdf o PERETHE o ShOT dmibsd o0 $51 st L8 (nOt
form an extremely clean worked hole without deposit.
[Embodiment 2]

Now reference is made to Fig. 2 for outlining the
10 working method of the present embodiment. A laser
light 1, emitted from an unrepresented laser
oscillator, capable of emitting the laser light with an
extremely short pulse emission time (not exceeding 1
picosecond), illuminates a photomask 6, and the light
15 transmitted by a mask pattern 8 is projected and
focused through a projection lens 7. The projected
image is focused on the surface of a work article 2
formed of an inorganic material.
On the other hand, a gas nozzle 4-2 emits nitrogen
20 gas 5-2 in a direction indicated by an arrow whereby a
gas flow is generated on the surface of the work
article 2. The laser light 1 is irradiated in pulses
to effect sublimation ablation working of the work
article 2.
25 In the working method of the present embodiment,

the continuous etching was executed, by employing a

laser light of a wavelength of 775 nm, a laser pulse




pi cosecond), illum nates a photomask 6, and the light 15 transmtted by a
mask pattern 8 is projected and focused through a projection lens 7. The
projected inmge is focused on the surface of a work article 2 fordMAGLIN04
an inorganic material. On the other handi9a-gas nozzle 4-2 emts nitrogen
20 gas 5-2 in a direction indicated by an arrow whereby a gas flowis
generated on the surface of the work article 2. The laser light 1 is
irradiated in pulses to effect sublimation ablation working of the work
article 2. 25 In the working nethod of the present embodi nent t he

conti nuous et ekicig lsas cex dmembndyy @il dHizg @ LasareriTrahtabion

wavel ength of 775 nm a |aser pulse 2 8 MAY 2004 - 19 woscillatio
frequency of pullde duradsiem iaff &bt PO pifeRIRIONn %Bh?a{lISO

fem oseconds, an optical energy of about 7 p joul es per pul se.concentr
. 1 ] at ed
in an area of e»gergv ©f [Rsuth 7 it IHOYSHEREE & t??éptﬁerbf%?é%?i on Téns 7,

nanmely under a laser_irradiatin canditio i th an en It

(erava e e o 48 o Shoidh B SRS M ¢
eny ure and nornmal pressure under, an. i | af f ds f

glb vi ng about %G’JI%%O'ELFIQST& (n TOraEY l‘bmqaénlgd%?\%%%golnﬁ?%gaeﬁgggg EI 0\(/)vr of
about 1 i sec tofarm, ap &f ched.hol e afeds deptde ofs dbombuSOcpeh: Ther

; Q
wor ki ng net ho& € present e nt under
pulse, on a silicon crystal in the air of normal

temperature and normal pressure under an irradiation of
0.5 seconds for giving about 500 laser pulses in total

10 and under a nitrogen gas blow of about 1 m/sec to form
an etched hole of a depth of about 30 pm.

The working method of the present embodiment under
nitrogen gas blowing to the silicon crystal allows to
achieve clean etching without deposit around the worked

15 hole, as shown in Fig. 4. On the other hand, in case
the silicon crystal was etched in the air atmosphere
without the gas blowing shows liquefied silicon
deposited in solid around the worked hole as shown in
Fig. 3. The solidified silicon could not be removed

20 easily by mere rinsing with running water. In
comparison with the working in the still air
atmosphere, the working method of the present
embodiment allows to form an extremely clean worked
hole without deposit. Also the optimum rate of the gas

25 flow is considered variable according to the size of

the working area and the working speed depending on the

laser irradiation energy.




nitrogen gas blowing to the silicon crystal allows to achieve clean
etching w thout deposit around the worked 15 hole, as shown in Fig. ﬁ.d@}
the other hand, in case the silicon crystal was etched in the air 25 MAY 2004
atmosphere without the gas bl owi ng shewsd i-quefied silicon deposited in
solid around the worked hole as shown in Fig. 3. The solidified silicon
could not be rempved 20 easily by mere rinsing with running water. In
conparison with the working in the still air atnosphere, the working

nmet hod of the present enbodinment allows to forman extrenely clean worked
hol e wit hout dé&pdsidimemitsBthe optimumrate of the gas 25 flowis

consi dered variable according to the size of . the rking area and the
wor ki ng speed depedtivhgafieransce |5 dtade (tRyi%g of %&&Jﬁ%%ﬁd&%m - 20

Lgtrrﬁggi g;snt h2]‘”}‘5)(Novy refer enceréqs_'ttrmeg\eq to Fitgl.efng}é‘do.r eOrH‘:'[.! i r}{%st&e wor ki ng

, enmtte rom an
unrepresented | aser 5 oscjllato capabl e of A | aser light with
an extremel y S0% lpulesnén_ei?ﬁaisﬁfo "t |nrreurtrnecﬁregsri<gc:r{eéeéd?%lgé%er pi cosecond),

iIlum nates a hoj;]glrgacsokr Gici.'aapna %&eoé i&&‘fttﬁgﬁr&iﬁ{e@ﬁtf&%xbylfgﬁ@%i%t&ﬁf n 8

i's proj eck ed cused through a projection S 7. The projected 10
i mage is focused on e SYLAGK Ale Ak B HGE Gof WrBsk@Ingn1 i nor gani

mat eri al .
picosecond), illuminates a photomask 6, and the light
transmitted by a mask pattern 8 is projected and
focused through a projection lens 7. The projected
10 image is focused on the surface of a work article 2
formed of an inorganic material.

The work article 2 is closed in a chamber 3 and a
window 4-3 closing the chamber 3 and the space around
the work article 2 is filled with a work article

15 atmosphere material 5-3. In such state, the laser
light 1 is irradiated in pulses to execute sublimation
ablation etching of the work article 2.

In the working method of the present embodiment,

the work article 2 was composed of crystalline silicon,
20 and the chamber 3 was filled with helium gas of normal
pressure as the work article atmosphere material 5-3.

In the working method of the present embodiment,
the continuous etching was executed, by employing a
laser light of a wavelength of 775 nm, a laser pulse

25 oscillation frequency of 1 kHz, a laser irradiation
pulse duration of about 150 femtoseconds, an optical

energy of about 7 p joules per pulse concentrated in an




The work article 2 is closed in a chanber 3 and a w ndow 4-3 closing the
chanber 3 and the space around the work article 2 is filled with a work
article 15 atnosphere material 5-3. In such state, the laser |ight 218 MAY 2004
irradiated in pulses to execute sublimtikgn_ ablation etching of the work
article 2. In the working nethod of the present enbodi nent, the work
article 2 was conposed of crystalline silicon, 20 and the chanber 3 was
filled with heliumgas of normal pressure as the work article atnosphere
material 5-3. In the working nethod of the present enbodinment, the

continuous et g0 g EXAE W athrdugre micoyinagamadkagerarld dgitte of a

wavel ength of 775 nm a | aser pulse 25 oscillation frequency of 1 kHz, a

| aser irradi atgrejequilse 1diatd, omanfe laboutder5@ flersens dotdbiataingpt i cal
energy of about 7 p joules per pulse concentrated in an 2 8 MAY 2004 - 21
area of 20 pmebndilrioughittie grhetremek ErEicy R 1t jE@YTDRE{FRs PET nanel y
under a laser irradiating condition with an energy densjt

terawatt/cn? perlsepuloge,a orildaan o @l dndenfieri S 93 b Or]:’;\t%‘gﬁ for 5
0.5 seconds for giving about 500 | aser. pul s in total . to flol,glnjC @agtched
hol e of & deptth Dfsegsiifts FPpHLVARI _%gsqugtlfﬁﬁf%fp‘f%see%resen?
tmosphor e, AN A IEIEEITRE Gt nait a0 Bepsett s ound the
worked hole, as Sh%mgidggﬂéhgzhethod of the present embodiment, in
case of working crystalline silicon in a helium gas
atmosphere, allows to achieve clean etching without
10 deposit around the worked hole, as shown in Fig. 4.
On the other hand, in case the crystalline silicon
was etched in the air atmosphere shows liquefied
silicon deposited in solid around the worked hole as
shown in Fig. 3. The solidified silicon could not be
15 removed easily by mere rinsing with running water. In
comparison, the working method of the present
embodiment allows to form an extremely clean.
Furthermore such working is not restrictive, and
an extremely clean hole can also be obtained in case
20 of:
employing silicon as the work article 2 and
hydrogen gas as the work article atmosphere material
5-3; or
employing silicon as the work article 2 and
25 silicone oil as the work article atmosphere material
5-3; or

employing gallium-arsine as the work article 2 and




On the other hand, in case the crystalline silicon was etched in the air
at nosphere shows liquefied silicon deposited in solid around the worked
hole as shown in Fig. 3. The solidified silicon could not be 15 r&nbWai2004
easily by nere rinsing with running waterz2 I-n conparison, the working

met hod of the present enbodinment allows to forman extrenely cl ean.

Furt hernore such working is not restrictive, and an extrenely cl ean hole
can al so be obtained in case 20 of: enploying silicon as the work article
2 and hydrogen gas as the work article atnosphere material 5-3; or

enpl oyi ng sil ilconiws gdwe awriharddck aptime: ZStrosphare Brtersat ha-dbr k
article atnosphere material 5-3; or enploying gallium-arsine as the work
article 2 andax 8 MAY 2004 - 22 heliumgas as the work article atnosphere
material 5-3; or enplqﬁégg galliumarsine as the work article 2 Snd wat er

as tﬂe work arti cl emRiRshered et Wh12M S Y, 3% e e"ﬁ‘b‘f'ﬁﬁ’r‘lﬁlﬁ%\?l uP4r si ne
o e S A R SRR T SRR
the 5 employing gallium-arsine as the work article 2 and
silicone o0il as the work article atmosphere material
5-3.
[Embodiment 4]
Now reference is made to Fig. 7 for outlining the
10 working method of the present embodiment. A laser
light 1, emitted from an unrepresented laser
oscillator, capable of emitting the laser light with an
extremely short pulse emission time (not exceeding 1
picosecond), illuminates a photomask 6, and the light
15 transmitted by a mask pattern 8 is projected and
focused through a projection lens 7. The projected
image is focused on the surface of a work article 2
formed of an inorganic material.
On the other hand, the work article 2 is heated by
20 a heater 4-4 and the temperature is measured by a
thermometer 5-4. A constant temperature is maintained
by turning on and off the heater 4-4 by an
unrepresented temperature controller.
The laser light 1 is irradiated in pulses in such
25 state to effect sublimation ablation working of the
work article 2.

In the working method of the present embodiment,




10 working nmethod of the present enbodinent. A laser light 1, emtted from
an unrepresented |aser oscillator, capable of emtting the |aser |} EQM
with an extrenely short pulse em ssion tinme (not exceeding 1 pi cozg &904
illum nates a photomask 6, and the light jk5 transmitted by a mask pattern 8
I's projected and focused through a projection lens 7. The projected inmge
Is focused on the surface of a work article 2 fornmed of an inorganic
material. On the other hand, the work article 2 is heated by 20 a heater
4-4 and the tenperature is nmeasured by a thernoneter 5-4. A constant
tenperature i sHRidEA MRBHuDYL 448N NFradi Arcbrofdtdiiendead erexdedutyd an
unrepresented tenperature controller. The laser light 1 is irradiated in
pul ses in suclhy Zmsictind ;a efdeet Bigih€ nef | @rwabt tnagth wof KTHY oft, t de

work article 2. In the working nethod of the present enbodi nent, 2 8 MAY
2004 - 23 thaasen ipuises dosicrlaticoni freqrerey Mhgl ez exaclR2Yr by
enploying a laser light of a wavelength of 775 nm a |aser pulse
oscillation friegushitioin Pudee urasion oF rakRwE | b pteRECRFAPEDN of

about 150 fentoseconds, 5 an optical energy of about 7 p ,LO‘“ es per pul se
concentrd ed ian &PtErEE FneEpRL ?W‘bﬁgﬂ B hEPURR tRFRsRIBSAnd t he

DI o] eCt i on e oL Yo el % L85SE 4673801t Li EgRIEALON W th an

photomask 6 and the projection lens 7, namely under a
laser irradiating condition with an energy density of
15 terawatt/cm? per pulse, on a silicon crystal

10 constituting the work article 2 in a state where the
temperature is maintained at about 250°C with a
radiation of 0.5 seconds for giving about 500 laser
pulses in total to form an etched hole of a depth of
about 30 um.

15 The working of the present embodiment employing
crystalline silicon in the state heated at 250°C allows
to achieve clean etching without deposit around the
worked hole, as shown in Fig. 4.

On the other hand, in case the silicon crystal was

20 etched at the normal temperature, liquefied silicon was
deposited in solid around the worked hole as shown in
Fig. 3. The solidified silicon could not be removed
easily by mere rinsing with running water. Thus, in
comparison with working at the normal temperature, the

25 working method of the present embodiment allows to form

an extremely clean worked hole without deposit. The

deposit tended to decrease as the temperature of




15 terawatt/cnR per pulse, on a silicon crystal 10 constituting the work
article 2 in a state where the tenperature is maintained at about %fﬁﬁ%ﬂmé
with a radiation of 0.5 seconds for giving about 500 | aser pulseg

total to forman etched hole of a depth &4 -about 30 pm 15 The worki ng of
t he present enbodi ment enploying crystalline silicon in the state heated
at 250C allows to achieve clean etching w thout deposit around the worked
hol e, as shown in Fig. 4. On the other hand, in case the silicon crystal
was 20 etched at the normal_ tenperature, |jiquefied silicon was, deposited

in solid ar ourFysHe Mdiee ot R LIGT it 9lg . T29™ e T8 +i ed silicon
coul d not be renoved  easily b re_rinsi with runnin ter. Thus, in
conpari son W tWW%eat(%/%eghgﬁ?h? vé‘?rﬁ%?paqsdr%,rﬁ%ae”%j%k? ng met hod of
t he present enbodineq; all%W%tékgcngOQ9 extrenely cl ean worked hol e

wi t hout deposite™PHE " HépasTT® t'elded 1o decrease as the tenperature of 2 6

MAY 2004 - 24 A ' i 1icon becones higher fromthe normal
tenperature ( qoi)lﬂ%é%ﬂ?](sjeposit remai ned at a tenperature |less than

200C. [ Enbodi ment ﬂ]oé o rafer encand g nesler 1. Fd o8 dwF1 DnihdntAg the
wor ki ng met hod of the present enbodinent. Alaser light 1, emtted froman
unrepresent ed |} #96fng method of the present embodiment. A laser
light 1, emitted from an unrepresented laser
oscillator, capable of emitting the laser light with an
extremely short pulse emission time (not exceeding 1
10 picosecond), after being modulated by a mechanical
shutter 4-1 into a pulse train 5-1 of laser light cut
in time, illuminates a photomask 6, and the light
transmitted by a mask pattern 8 is projected and
focused through a projection lens 7. The projected
15 image is focused on the surface of a work article 2
formed of an inorganic material.

On the other hand, the work article 2 is enclosed
by a chamber 3 and a window 4-5 capable of transmitting
light, and the space around the work article 2 1is

20 filled with reduced pressure air 5-5 of which pressure
is reduced to 10 Torr or less by an unrepresented pump.
The laser light 1 is irradiated in pulses in such state
to effect sublimation ablation working of the work
article 2.

25 In the working method of the present embodiment,

the continuous laser irradiation etching was executed

by employing a laser light of a wavelength of 775 nm, a




oscillator, capable of emtting the laser light with an extrenely short
pul se em ssion time (not exceeding 1 10 picosecond), after being mogpyl

by a nechanical shutter 4-1 into a pulse train 5-1 of laser |ight 2E@ﬁ&§®4
time, illumnates a photomask 6, and thezsght transmtted by a mask
pattern 8 is projected and focused through a projection lens 7. The
projected 15 inmage is focused on the surface of a work article 2 formed of
an inorganic material. On the other hand, the work article 2 is encl osed

by a chanber 3 and a wi ndow 4-5 capable of transmtting light, and the
space around ttheaaogalard iadcel 12 dtsi 0 friddushay tof rlediited priessefe air 5-5
of which pressure is reduced to 10 Torr or |ess by an unrepresented punp.
The |aser |ightrrhdistijomdiwtssl durgulgesd phakh KGderiesarerds.
subl i mation ablation working of the work article 2. 25 In the working

met hod of - t he apr exdricaanisRATENCE AV eohtH nIES REF TSR ati on et chi ng

was execu'E ed by enpl oyipéng a | aser Ii%)h# 22% a V@Vt?? ength aof 775 nm a 2 8
e e o T 22
about 7 P j oulpé?tﬁqasgﬁlﬁgeanioﬁkeerﬁﬁoa}%%tll%g ?\e€$2€1'sbqar§%lgﬁﬁ%%oﬁgﬁrtheOfS
Egﬁé?ﬁizﬁ \?VI ?ﬂ%?hrgnlglf;’%&ftet#;. ;&%?di?ti&?m% Lg}geén@rgyL asSisityadkating

15 terawatt/cm® per pulse, on a silicon crystal for a

period of 0.5 seconds in the air of a pressure of 5

Torr thereby giving about 500 laser pulses in total to

10 form an etched hole of a depth of about 30 pm.

The working of the present embodiment, in case of
working crystalline silicon in the air of a pressure of
5 Torr, allows to achieve clean etching without deposit
around the worked hole, as shown in Fig. 4.

15 On the other hand, in case the crystalline silicon
was etched in the air of normal pressure, liquefied
silicon was deposited in solid around the worked hole
as shown in Fig. 3. The solidified silicon could not
be removed easily by mere rinsing with flowing water.

20 Thus, in comparison with the working in the air of
normal pressure, the working method of the present
embodiment allows to form an extremely clean worked
hole without deposit. The deposit tended to decrease
as the pressure of the atmosphere around the

25 crystalline silicon becomes lower from the normal

pressure (760 Torr), but the deposit remained at a

pressure exceeding about 10 Torr.




15 terawatt/cn2 per pulse, on a silicon crystal for a period of 0.5
seconds in the air of a pressure of 5 Torr thereby giving about 500 |aser
pul ses in total to 10 forman etched hole of a depth of about 30 pm2 BTA&Y 2004
wor ki ng of the present enmbodinent, in casgaof working crystalline silicon
in the air of a pressure of 5 Tarr, allows to achieve clean etching

W t hout deposit around the worked hole, as shown in Fig. 4. 15 On the

ot her hand, in case the crystalline silicon was etched in the air of

normal pressure, liquefied silicon was deposited in solid around the

wor ked hole as shaw éxpFained. idhehsofodedoengsi theopresahd not be
renoved easily by nere rinsing with flowng water. 20 Thus, in conparison

wi th the workinngvémtide mrovides norbasepresshirng hdthedr andgandahed of the
present enbodinment allows to forman extrenely clean worked hole w thout
deposit. The depusing tapuechtes despabie, s iagepresshiegopft Aewarkosphere
around the 25 crystalline silicon becones |ower fromthe normal pressure
(760 Torr), buartirelelcheened refednelnardaniprBasafbasxcREdVAFKABSUt 10
Torr. 2 8 MAY 2004 - 26 As explained in the fore oing,,the pr esent
inventiod5prov¥HE%°%FIQ&RQS%F%%Pn%rﬂﬁPﬂlo%nﬂt%b+§geP SéFtﬂPngaﬁaparatus

capabl e, in laser efching_of icle ogggg gf'an I norgani c
e

a work ar
material, of WEWQ?QBBSDQAfh%%twﬁﬁﬁb§$t?%naaT% i 8t cfi ng position, and

micromachine, an IC or a diode device.
In a configuration of the present invention
wherein the irradiation of the work article is executed
10 with intermittent irradiation with an interval longer
than the oscillation frequency of the pulsed laser, an
etching pause time can be provided after predetermined
etching to realize a working sequence in which the
etching is re-started after the plasma cloud consisting
15 of atomic or molecular particles is scattered, whereby
extremely clean working is made possible without
deposit around the etching position, as encountered i
the conventional continuous etching operation.
In a configuration of the present invention
20 wherein the working is executed in a state where a gas
flow is generated in the working position of the work
article, the atomic or molecular particles emitted by
ablation are excluded from the work position by
collection with the gas flow and remain less in the
25 vicinity of the etching position, whereby extremely

clean working is made possible without deposit around

the etching position.




capable of fine working of a material for a mcromachine, an I C or a diode
device. In a configuration of the present invention wherein the 2.8 MAY 2004
irradiation of the work article is executed 10 with intermttent
irradiation with an interval |onger than e oscillation frequency of the
pul sed | aser, an etching pause tinme can be provided after predeterm ned
etching to realize a working sequence in which the etching is re-started
after the plasnma cloud consisting 15 of atom c or nolecular particles is
scattered, whereby extrenely clean working is nade possible w thout

deposit around the gtehing Qpéilgf'égbn@sim,e’r & | emp NSy RN VIESL i anal

continuous etching operation. I'n a configuration of the present invention

20 wherein th‘q]a@réaxngeaﬁnﬁa@caﬁe@tm& StatEtvderehen gasr, ftiow i s
generated in the working position of the work article, the atom c or

nmol ecul ar par tddneiss b thErkdyl anbpad t 01l & ecrekicteti oy fatoha t hen woak
position by collection with the gas flow and remain less in the 25
vicinity of the eiadd ng posddead, swhat@hy ekthewne| yenalmbmg workthg i s nmade
possi bl e wi thout deposit around the etching position. 2 8 MAY 2004 - 27
Al'so in the pressniitynvent s, ebyhbnpl BYSheierRl i WeTad YRFKIRINFAG an
atnosphere other than air, the atomc or nolecular particles emtted by
abl ati on can Hse amhiieevesd gribelewt sieppght arewdt theFFrhain the

position.

Also in the present invengion, by employing
hydrogen gas for forming an atmosphere other than air,

10 particularly in case the work article is composed of
silicon, it is made possible to convert the silicon
atoms in a gaseous stable state, in addition to the
aforementioned effect, whereby working can be achieved
without deposit around the etching position.

15 Also in the present invention, by employing water
for forming an atmosphere other than air, the atomic or
molecular particles emitted by ablation are fetched in
water and prevented from re-deposition, whereby working
can be achieved without deposit around the etching

20 position.

Also in the present invention, by employing
silicone oil for forming an atmosphere other than air,
the atomic or molecular particles emitted by ablation
are fetched in silicone oil and prevented from re-

25 deposition, whereby WOrking can be achieved without

deposit around the etching position.

Also in a configuration of the present invention




5 vicinity of the etching position, whereby working can be achieved

wi t hout deposit around the etching position. Also in the present 28§ MAY 2004
i nvention, by enploying hydrogen gas for form ng an at nosphere other than
air, 10 particularly in case the work -ard8 cd e i s conposed of silicon, it
I's made possible to convert the silicon atons in a gaseous stable state,
in addition to the aforenentioned effect, whereby working can be achi eved
wi t hout deposit around the etching position. 15 Also in the present

i nvention, by enploying water for form ng an atnosphere other than air,
the atom c or whentesigultdhre partadiatien of cechewaih ATHCke el § ceEREH Lo

wat er and prevented fromre-deposition, whereby working —can be achi eved
Wi t hout deposiin & gitrte et hihry) WOrhRTEIOH I edted nke pr@leht oF

i nvention, by enployin silicone oil for form ng an atnospher t her than
air, the atorﬁ@ftﬁrnﬁg‘&ﬁ%ﬁ’mkf&r?’r”d?%e%%ﬂe%a’gﬁlc:j\]o?%t?%ﬁpt‘é&egﬁ’etched in

silicone oil and prevented fromre 25 deposition, reby_working can be
achi eved wi t hétR!&dpbsTR 94 oundy f‘ﬁ’ég%’fc Ty % s '?e’l@fl ad,

n
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i rradiat s execu in a state e work

article is heantaaeigextloalzoa(i)r% Olre hi%?éfié@eoz.atgﬁfdf)fié@l £5Ub a0 Rk el es
emtted by

distant from the inorganic material constituting the
work article by cooling from the air during the flight,
whereby the solid deposition around the etching

10 position is reduced.

Also in a configuration of the present invention

wherein the working of the work article is executed in
a state where the work article is positioned in a
gaseous atmosphere of a pressure not exceeding 10 Torr,

15 the atomic or molecular particles emitted by ablation
fly in a space of a low pressure with a fewer number of
atomic or molecular particles and show a lower
probability of collision between the particles, thereby
increasing the average flight path and less subjected

20 to the changes in the proceeding direction, whereby the
particles tend to proceed straight and remain less in
the vicinity of the etching position to achieve
extremely clean working without deposit around the
etching position.

25 Furthermore, the foregoing five embodiments may be

combined to present deposition in the vicinity of the

work area.




ablation require a longer tinme for cooling and 5 Iiquefaction by the heat
fromthe heated inorganic material and are |iquefied or solidifie IIQYa
position distant fromthe inorganic material constituting the wo K8 MAY 2004
article by cooling fromthe air during -t fd4ight, whereby the solid
deposition around the etching 10 position is reduced. Also in a
configuration of the present invention wherein the working of the work
article is executed in a state where the work article is positioned in a
gaseous at nosphere of a pressure not exceeding 10 Torr, 15 the atomic or
nmol ecul ar particl eFamiexanpby, athexe owry by adprteba oMb inabhopr 8ssure
with a fewer nunber of atomc or nolecular particles and show a | ower

probabi ity ofthen|fizstoremRedigtent hel pepTntieant t}Rsebyl T3t 258PRY - t he
average flight path and |ess subjected 20 to the changes |n_the_proceeding
direction, whéf¥byegRnd ﬂ%l?kfc?ci*’?e‘lsmf e@ba? of]p‘?‘bctgle‘ﬂ’”s‘?q gleg'h Ha Fgﬂﬁ%ﬁ | ess
in the vicinity of, the etchin osition to achieve extrenely clean

wor ki ng wi t ho S a¢1?)eu$%gfgﬁe°% e“f%qf nabr€lbé;il?] on. " 2% ﬁn"r‘ﬁ? Ié?lrcnl)?le-‘, t he

f or egoi ng fi V%P%%Ogit@féé_é@%@mﬁgo ' éi%&% &E@&erp@f’o&ﬁ&iﬁﬂei n the

vicinity of the Wwork area or exanpl e, ere may be

adopt ed a comyNAtip b @foatdnd i {158a AP Famsrif i St IS df endr | gser

i rradiation),
combination of the first embodiment (intermittent laser

irradiation) and the fifth embodiment (reduced pressure

atmosphere).




t he second enbodi nent (gas flow blowi ng) and the fourth enbodi nent
(heating of work article), or a conbination 5 of the third enbodi nme b
(gaseous atnosphere) and the fourth enbodi ment (heating of work ar @1%29”"
or a conbination of the first enbodi mentaqistermttent |aser irradiation)
and the fifth enbodi ment (reduced pressure atnosphere). 2 8 MAY 2004 - 30
WHAT IS CLAIMED IS: 1. A laser etching nethod for optical ablation working
by irradiating a work article formed by an inorganic material with a |aser
light froma |aser 5 oscillator capable of emtting in succession |ight

pul se of a | arljBrendd SLABMEP tI5t n space and time with a pulse radiation
time not exceeding 1 picosecond: wherein, in |laser etching of the work
article forned by kai d®i W%}‘érﬁﬁc%@@rm%Fh‘b@ fPF ot tah "’P@l?ﬁé?ﬁof with
the laser light fromsaid |laser oscillator with a predeterm ned pattern
and with a preyeieing fod 1efitgtHRAsT tyork h%’F’él‘F%eufW'f‘% d*¥edfs for

preventing deposition of a roduct around the etchin osition. 15
2. A laser et C‘H?‘?irgget‘fé]tcﬁdEIaE%’EJo?Jél‘i"l tl? f%?%lf o e?re?‘ﬁ sali gmPaans for

preventing deposii] pheol dhieapverks byGprougt s a1 gunde Lhgogt ehipg position
i s adapt iFTH TR R sal e Wiih sard Taser light,
pulse of a large energy density in space and time with
a pulse radiation time not exceeding 1 picosecond:
wherein, in laser etching of the work article
formed by said inorganic material by irradiation
10 thereof with the laser light from said laser oscillator
with a predetermined pattern and with a predetermined
energy density, there is utilized means for preventing
deposition of a work by-product around the etching
position.
15
2. A laser etching method according to claim 1,
wherein said means for preventing deposition of the
work by-product around the etching position is adapted,
in irradiating said work article with said laser light,
20 for executing intermittent irradiation to said work

article with an interval longer than the oscillation

frequency of the pulsed laser.

3. A laser etching method according to claim 1,
25 wherein said means for preventing deposition of the

work by-product around the etching position is adapted,

in irradiating said work article with said laser 1light,




20 for executing intermttent irradiation to said work article with an
interval longer than the oscillation frequency of the pul sed |aser %IAY’?UN
| aser etching nmethod according to claiml1l, 25 wherein said neans f ﬁ
preventing deposition of the work by-produyct. around the etching position is
adapted, in irradiating said work article with said |laser light, 2 8 MAY
2004 - 31 for executing irradiation of said light in a state where a gas
flowis generated in the work position of said work article. 4. A laser
etching nethod according to claim3, wherein the gas flowin the work
position of saidgk ilBidcutailid Cleradi #pich rof |mid Slight abera esedtag net hod
according to claim3, 10 wherein the gas flowin the work position of said
work article ivherdid r@gentidwws bgedetaiset i cthagromit hoos &tton dbfig t o
claim1l1l, wherein said neans for preventing deposition of the 15 work

by- product ar cisi tvherletadtiwgigosition is adapted, in irradiating and work
article with said laser light, for executing irradiation of said |aser
light in a state where said work article is positioned in an atnosphere
other than air. 20 7. A laser etching nethod according to claim6, wherein
sai d at mfsphere ot her thatr3e¥ ¢ECkkeg gretlpdpccording to claim 3,

wherein the gas flow in the work position of said work

article is an air flow.

5. A laser etching method according to claim 3,
10 wherein the gas flow in the work position of said work

article is a nitrogen flow.

6. A laser etching method according to claim 1,
wherein said means for preventing deposition of the
15 work by-product around the etching position is adapted,
in irradiating and work article with said laser light,
for executing irradiation of said laser light in a
state where said work article is positioned in an

atmosphere other than air.

20
7. A laser etching method according to claim 6,
wherein said atmosphere other than air is gas of which
medium has an atomic weight smaller than that of
nitrogen molecule.
25

8. A laser etching method according to claim 7,

wherein said gas is helium gas.




medi um has an atom c weight smaller than that of nitrogen nolecule. 25 8.
A | aser etching nmethod according to claim7, wherein said gas is h%Ind an
gas. 2 B MAY 2004 - 32 9. A laser etching nethod according to clai A 2004
wherein said gas is hydrogen gas. 10. A |3ser etching nethod according to
claim6, 5 wherein said atnosphere other than air is liquid of which
mediumtransmts the laser light. 11. A laser etching nethod according to
claim10, wherein said liquid transmtting the laser light is 10 water.
12. A laser etching nethod according to claim 10, wherein said |liquid
transmtting the | d&ser Ailgeer setehingometipd ageegding, t@setadficHi-ng

met hod according to claim1, wherein said neans for preventing deposition
of the work Whereductad? dde i1HNBLEPIPY $BBition is adapted, in
irradiating said work article with said laser light, 20 for executing
irradiation of said laser light in a state where said work article is

heated to 200C or higher. 14. A er etching nethod. accordj .to.claiml,
25 wherein said means’ fdr b‘?%%n?#%%l%%p%%ﬁ?%na% Of‘ﬁle 6260t 1h0 6
2 wherein said atmosphere other than air is liquid of

which medium transmits the laser light.

11. A laser etching method according to claim 10,
wherein said liquid transmitting the laser light is

10 water.

12. A laser etching method according to claim 10,
wherein said liquid transmitting the laser light is
silicene oil.

15

13. A laser etching method accerding to claim 1,
wherein said means for preventing deposition of the
work by-product around the etching position is adapted,
in irradiating said work article with said laser light,

20 for executing irradiation of said laser light in a
state where said work article is heated to 200°C or

higher.

14. A laser etching method according to claim 1,
25 wherein said means for preventing deposition of the

work by-product around the etching position is adapted,

in irradiating said work article with said laser light,




wor k by-product around the etching position is adapted, in irradiating
said work article with said laser light, 2 8 MAY 2004 - 33 for ex§F$Mhpgm4
irradiation of said laser light in a state where said work articl S
provi ded in a gaseous atnosphere of a prgssure not exceeding 10 Torr. 5
15. A laser etching nethod according to claim1l, wherein said inorganic
material is a crystal covalent bond 16. A |laser etching nethod according
to claim1, 10 wherein said inorganic material is crystal or anorphous
silicon. 17. A laser etching nethod according to claim1, wherein said

i nor gani ¢ nat edmalesseivid | oomadionpimmdb £ 15 1kB.1asdaskiglet cim ng net hod
according to claiml1l, wherein said |laser oscillator has a spati al
conpressi on debdtee Weard ispitd propagat fionte 205 rovidegekn e o gOwet hod
according to claim 18, wherein said spatial conpression device for |ight
propagat i on i rdimgaEhess repf iy PIRITIRR MY AteHHe 1nkPX%erti cal node
synchroni zati on neans utilizing the optical wavel ength di spersing
characteristics. 25 20. A laser etching apparatus provided with froma

| aser oscillator capable of emtting in sugc ion 2 Y 2004,
5 f%. A laser etching meéﬁéﬁﬁgé£ordf%$”¥0 é&glm 1,

wherein said inorganic material is a crystal covalent

bond.
16. A laser etching method according to claim 1,
10 wherein said inorganic material is crystal or amorphous
silicon.

17. A laser etching method according to claim 1,
wherein said inorganic material is a silicon compound.
15
18. A laser etching method according to claim 1,
wherein said laser oscillator has a spatial compression

device for light propagation.

20 19. A laser etching method according to claim 18,
wherein said spatial compression device for light
propagation includes chirping pulse generation means
and vertical mode synchronization means utilizing the
optical wavelength dispersing characteristics.

25

20. A laser etching apparatus provided with from

a laser oscillator capable of emitting in succession




- 34 light pulses of a large energy density in space and tinme with a

pul se radiation tinme not exceeding 1 picosecond and adapted for opztl%) i_)mm
abl ation working of a work article formed of an inorganic materi al W
irradiation of said work article with a Isaser light fromsaid |aser
oscillator wwth a predeterm ned pattern and with a predeterm ned energy
density, the apparatus conprising: neans for preventing deposition of a
wor k by 10 product around the etching position for |aser etching by
irradiation of said work article formed of the inorganic material. 21. A

| aser et chi ng lamgdr atulssest ¢ di AQNae e Tgy 1GPPHl thnhe: e$PR2RI 3ndeans for
preventing deposition of the work by-product around the etching position

i ncludes a madimgivddih shirulse rAIRMAYIHYne RAF #¥ce8fin9 1t adiation with
an interval longer than the oscillation freguenc f_the pul sed | aser by
20 control | i n@iaesecd aNGRIartGEH S Q%?g?a]gs%ﬁ’fﬁ‘%{%? "R ERENPEl ose

control, thereby working sai d work ticle. 22. A /laser _etching apparatus
according to @ d9RF FHYE wriEe chﬁ cF[he]arh%rqE(')r?l%r"é?/te%lﬁ%ghbd’éposi tion of

e K PSR LG £ 8 S0 L1185 OERsoPeRgnLr Causi
from said laser oscillator with a predetermined pattern
and with a predetermined energy density, the apparatus
comprising:
means for preventing deposition of a work by-
10 product around the etching position for laser etching

by irradiation of said work article formed of the

inorganic material.

21. A laser etching apparatus according to claim
15 20, wherein said means for preventing deposition of the
work by-product around the etching position includes a
mechanical shutter for achieving intermittent
irradiation with an interval longer than the
ogscillation frequency of the pulsed laser by
20 controlling the laser light from said laser oscillator
by open/close control, thereby working said work

article.

22. A laser etching apparatus according to claim
25 20, wherein said means for preventing deposition of the

work by-product around the etching position includes

means for causing a gas flow in the work position of




said work article forned of said inorganic material, and is adapted for
working said work article by irradiating said work article with sglﬂcwyggﬁr
light in a state where a gas flowis caused in the work position 0 d
work article fornmed of the inorganic mateyd al. 23. A laser etching
apparatus according to claim 22, wherein said neans for causing the gas
flowin the work position of said work article is adapted to cause 10 an
air flow 24. A laser etching apparatus according to claim 22, wherein
said neans for causing the gas flowin the work position of said work

article is adaigfl JoricasEicld forthdd agensdidWin@bgarkitaseteeialbi ng
apparatus according to claim 20, wherein said neans for preventing

deposi tion of Jde i widadyedrositichott Dindsd he wbchi agtpoketbpn i ncl udes a
20 chanber and a light transmtting nenber capabl e of closing said chanber,
and i s adapt ed dradirdd rsfi shidrikoriardaiclield orived ohidhbaseor aaht Aateri al
by positioning said work article in said chanber filled wth a medium

ot her than aira achist odesrdya spasl Flghtis ramssed tingths WeRbePoSafdon
irradiating said work article with said laser light through said |ight
transmittdng mefrssid EchRe vooke - fapred et Athe sEROBIRRI AgmaApBar ttus
according to claim 25, wherein said nediumfilled in said chanber other
than air is gas of an atom c weight snmaller than that

23. A laser etching apparatus according to claim

22 wherein said means for causing the gas flow in the

r

work position of said work article is adapted to cause

10 an air flow.

24. A laser etching apparatus according to claim
22, wherein said means for causing the gas flow in the
work position of said work article is adapted to cause

15 a nitrogen flow.

25. A laser etching apparatus according to claim
20, wherein said means for preventing deposition of the
work by-product around the etching position includes a

20 chamber and a light transmitting member capable of

closing said chamber, and is adapted to work said work
article formed of the inorganic material by positioning
said work article in said chamber filled with a medium
other than air and closed by said light transmitting

25 member, and irradiating said work article with said

laser light through said light transmitting member.




of nitrogen nolecule. 5 27. A laser etching apparatus according to_claim
26, wherein said gas is heliumgas. 28. A |laser etching apparatus acBJMYdZUNg
to claim10 26, wherein said gas is hydrogen gas. 29. A |laser etching
apparatus according to claim 25, wheretm&atd nediumfilled in said
chanber other than air is liquid capable of transmtting said |laser 15
light. 30. A laser etching apparatus according to claim 29, wherein said
liquid transmitting said laser light is water. 20 31. A |laser etching
apparatus according to claim 29, wherein said liquid transmtting said

| aser light is sildonedoldsepsetehing| apepratedi AgCappinat b8 Géedfding to
claim 20, wherein said nmeans_for preventing deposition of the work

by- product ar Aind MhrRreir wakd ppRE BNt htedatR $a3d gChpgbPeB0qthes7  heater
to be controlled at a predeterm ned tenperature by t erature djtusting
means and is APt /LT ofS T KPhgPRa7 P ‘Fk""%’r?ﬁ”&l%mﬁg[rgrﬁi ﬁ?ﬁ?n?ﬁa sai d
work article forned of the J’S(:gor anic material at the 5 predeterm ned

tenperature atf iHrERET PTG Wrk article with said |aser |ight.

5
27. A laser etching apparatus according to claim
26, wherein said gas is helium gas.
28. A laser etching apparatus according to claim
10 26, wherein said gas is hydrogen gas.
29. A laser etching apparatus according to claim
25, wherein said medium filled in said chamber other
than air is liquid capable of transmitting said laser
15 light.
30. A laser etching apparatus according to claim
29, wherein said liquid transmitting said laser light
is water.
20
31. A laser etching apparatus according to claim
29, wherein said liquid transmitting said laser light
is silicone o0il.
25 32. A laser etching apparatus according to claim

20, wherein said means for preventing deposition of the

work by-product around the etching position includes a




33. A laser etching apparatus according to claim 20, wherein said neans
for preventing deposition of the 10 work by-product around the etg?hg&w
position includes a chanber and a light transmtting nmenber capa 2004
closing said chanber, and is adapted faqr g4orking said work article forned
of the inorganic material by irradiation with said |laser |ight, by
positioning said 15 work article in said chanber evacuated to a pressure
not exceeding 10 Torr and closed by said light transmtting nmenber and
irradiating said work article wth said |aser light through said |ight

transmtting Heyher .tbs4onk tdlshid ed€hi e aipasat used coanpengtuoec| ai m
20, wherein said |laser oscillator has a spatial conpression device for

| i ght propagatdyrtente@3fure |ashrs et mgpreppaditis adaptetd nforo claim 34,
wherein said spatial conpression device for |ight propagation includes
chi rpi ng pul sevaysniercatsaind neeris 2rigioky PoorpinEBinkyg sk ¥arknode
synchroni zation nmeans utilizing the optical wavel ength disgersing
characteristi acticle formed of the inorganic material at the

5 predetermined temperature and irradiating said work

article with said laser light.

33. A laser etching apparatus according to claim
20, wherein said means for preventing deposition of the
10 work by-product around the etching position includes a
chamber and a light transmitting member capable of
closing said chamber, and is adapted for working said
work article formed of the inorganic material by
irradiation with said laser light, by positioning said
15 work article in said chamber evacuated to a pressure
not exceeding 10 Torr and closed by said light
transmitting member and irradiating said work article

with said laser light through said light transmitting

member.
20
34. A laser etching apparatus according to claim
20, wherein said laser oscillator has a spatial
compression device for light propagation.
25 35. A laser etching apparatus according to claim

34, wherein said spatial compression device for light

propagation includes chirping pulse generation means
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and vertical mode synchronization means utilizing the

optical wavelength dispersing characteristics.




