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LASER ETCHING METHOD AND APPARATUS THEREFOR 

BACKGROUND OF THE INVENTION 

Field of the Invention 

The present invention relates to a laser etching 

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 positi~n, and adapted for fine 

working of a material for a micromachine, an IC or a 

diode device. 

Related Background Art 

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 
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development, etching utilizing the resist pattern and 

resist ashing for each material, but such process is 

associated with drawbacks of an increased cost 

resulting from the complex process steps and a large 

5 investment for the production facility in consideration 

of the process tact time. 

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 
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etching itself can be prevented by the deposition of 

such by-products. 

Such drawbacks become particularly conspicuous in 

materials in crystalline or amorphous solid state by 

5 covalent bonds. The cause for such phenomenon is not 

yet 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 (35): 

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 
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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 picosecond: 

wherein, in laser etching.of the work article 

5 formed of the inorganic material by irradiation thereof 

with the laser light from the 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 

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) A 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 
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the gas flow in the work position of the work article 

is a nitrogen flow. 

(6) A laser etching method accor~ing to (1), wherein 

the means for preventing deposition of the work by-

5 product around the etching position is adapted for 

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. 

i·5 ( 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 
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working the work article by irradiation with the laser 

light, in a state where the work article is heated to 

200°c or higher. 

(14) A laser etching method 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 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 
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picosecond and adapted for optical ablation working of 

a work article formed of inorganic materials by 

irradiation of the work article with a laser light from 

the laser oscillator with a predetermined pattern and 

5 with a predetermined energy density, the apparatus 

comprising: 

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 apparatu's 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 intermitten~ 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 
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material formed of the inorganic material. 

(23) A laser etching apparatus according to (22), 

wherein the means for causing the gas flow in 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 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), 
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wherein the gas is hydrogen gas. 

(29) A laser etching apparatus according to (25), 

wherein the medium filled in the chamber other than air 

is liquid capable of transmitting the laser light. 

5 (30) A laser etching 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 
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a pressure not exceeding 10 Torr and closed by the 

light transmitting member and irradiating the work 

article with the laser light through the light 

transmitting member. 

5 (34) A laser etching apparatus according to (20), 

wherein the laser 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. 

15 

20 

25 

BRIEF DESCRIPTION OF THE DRAWINGS 

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; 

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; 

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 
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in an embodiment 3 of the present invention; 

Fig. 7 is a view showing the laser etching method 

in an embodiment 4 of the present invention; and 

Fig. 8 is a view showing the laser etching method 

in an embodiment 5 of the present invention. 

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 
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configuration utilizing the intermittent irradiation of 

the work article with the interval longer than the 

oscillation frequency of the pulsed laser, an etching 

pause time is provided after the etching for a 

5 predetermined duration so that the etching· is re­

started after the plasma cloud of the atomic or 

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 micrornachine, an IC or a diode device. 
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1) In case helium is employed for forming the 

atmosphere other than air, the atomic or molecular 

particles released by ablation show little change in 

the proceeding direction even in case of collision with 

5 the helium atoms of a low atomic weight, thereby 

tending to move straight and remaining less in the 

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 (SiH4 ) 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) In 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 
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solid deposit around the etching position. In this 

case, however, it is required that the optical 

absorbance of the work article is higher than that of 

water and that a gaseous by-product is not generated by 

5 ablation (because a gaseous by-product, if generated, 

remains as a bubble in the working position because of 

the high surface tension of water, thereby hindering 

the light passing by refraction and disabling the high 

precision working. 

10 4) In case silicone oil 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 oil 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 oil (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 oil, 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). 
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It is thus rendered possible to prevent solid 

deposit around the etching position by forming various 

atmospheres other than air as explained in the 

foregoing 1) to 4). 

Also in a fourth embodiment, the working is 

executed in a state where the work article is heated to 

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 wor~ article in the course of flight, 

thereby hindering solid deposition in the vicinity of 

t~e etching position, whereby prevented is the 

generation of solid deposit around the etching 

positi.on. 

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 
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with a fewer number of molecules or atoms and show a 

lower probability of collision between the particles 

and a longer average flight length, thereby tending to 

move straight and remaining less in the vicinity of the 

5 etching position, whereby prevented is the generation 

of solid deposit around the etching position. 

10 

In the following the present invention will be 

clarified in detail by preferred embodiments thereof. 

[Embodiment 1] 

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 8 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 work 

article 2 in an intermittent sequence. 
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In the working method of the present embodiment, 

the intermittent laser irradiation etching was executed 

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

laser pulse oscillation frequency of 1 kHz, a laser 

5 irradiation pulse duration of about 150 femtoseconds, 

an optical energy of about 7 µ joules per pulse 

concentrated in an area of 20 µm ~ through the 

photomask 6 and the projection lens 7, namely under a 

laser irradiating condition with an energy density of 

10 15 terawatt/cm2 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 µm. 

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 µm, 
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but 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. 

5 In comparison with the continuous etching method, 

the working method of the present embodiment allows to 

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 surf ace 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 
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oscillation frequency of 1 kHz, a laser irradiation 

pulse duration of about 150 femtoseconds, an optical 

energy of about 7 µ joules per pulse concentrated in an 

area of 20 µm ~ through the photomask 6 and the 

5 projection lens 7, namely under a laser irradiating 

condition with an energy density of 15 terawatt/cm2 per 

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 µm. 

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. 
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[Embodiment 3] 

Now reference is made to Fig. 6 for outlining the 

working method of the present embodiment. A laser 

light 1, emitted from an unrepresented laser 

5 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 

transmitted by a mask pattern 8 is projected and 

focused through a projection lens 7. The projected 

10 image is focused on the surf ace 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 µ joules per pulse concentrated in an 
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area of 20 µm ~ through the photomask 6 and the 

projection lens 7, namely under a laser irradiating 

condition with an energy density of 15 terawatt/cm2 per 

pulse, on a silicon crystal under an irradiation for 

5 0.5 seconds for giving about 500 laser pulses in total 

to form an etched hole of a depth of about 30 µm. 

The working method 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 
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helium gas as the work article atmosphere material 5-3; 

or 

employing gallium-arsine as the work article 2 and 

water as the work article atmosphere material 5-3; or 

5 employing gallium-arsine as the work article 2 and 

silicone oil 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 surf ace 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, 
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the continuous laser irradiation etching was executed 

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

laser pulse oscillation frequency of 1 kHz, a laser 

irradiation pulse duration of about 150 femtoseconds, 

5 an optical energy of about 7 µ joules per pulse 

concentrated in an area of 20 µm ~ through the 

photomask 6 and the projection lens 7, namely under a 

laser irradiating condition with an energy density of 

15 terawatt/cm2 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 µm. 

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 
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crystalline silicon becomes higher from the normal 

temperature (23°C), but the deposit remained at a 

temperature less than 200°c. 

[Embodiment 5] 

5 Now reference is made to Fig. 8 for outlining the 

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 

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 is 

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 
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laser pulse oscillation frequency of 1 kHz, a laser 

irradiation pulse duration of about 150 femtoseconds, 

an optical energy of about 7 µ joules per pulse 

concentrated in an area of 20 µm ~ through the 

5 photomask 6 and the projection lens 7, namely under a 

laser irradiating condition with an energy density of 

15 terawatt/cm2 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 µm. 

15 

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. 

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. 
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As explained in the foregoing, the present 

invention provides a laser etching method and a laser 

etching apparatus capable, in laser etching of a work 

article formed of an inorganic material, of working 

5 without deposition around the etching position, and 

capable of fine working of a material for a 

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. 
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Also in the present invention, by employing helium 

gas for forming an atmosphere other than air, the 

atomic or molecular particles emitted by ablation can 

be made to proceed straight without remaining in the 

5 vicinity of the etching position, whereby working can 

be achieved without deposit around the etching 

position. 

Also in the present invention, by employing 
• 

hydrogen gas for forming an atmosphere other than air, 

10 particularly in case the work article is composed of 

15 

silicon, it is made possible to convert the silicon 

atoms in a gaseous stable state, in addition to the 

aforementioned effect, w~ereby working can be achieved 

without deposit around the etching position. 

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 
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wherein the irradiation of the work article is executed 

in a state where the work article is heated to 200°C or 

higher, the atomic or molecular particles emitted by 

ablation require a longer time for cooling and 

5 liquefaction by the heat from the heated inorganic 

material and are liquefied or solidified in a position 

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 directio~, 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. 
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For example, there may be adopted a combination of 

the first embodiment.(intermittent laser irradiation), 

the second embodiment (gas flow blowing) and the fourth 

embodiment (heating of work article), or a combination 

5 of the third embodiment (gaseous atmosphere) and the 

fourth embodiment (heating of work article), or a 

combination of the first embodiment (intermittent laser 

irradiation) and the fifth embodiment (reduced pressure 

atmosphere). 
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WHAT IS CLAIMED IS: 

1. A laser etching method for optical ablation 

working by irradiating a work article formed by an 

inorganic material with a laser light from a laser 

5 oscillator capable of emitting in succession 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 light, 



- 31 -

for executing irradiation of said light in a state 

where a gas flow is generated in the work position of 

said work article. 

5 4. A laser etching method according 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, 

20 

25 

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 

~tmosphere other than air. 

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. 

8. A laser etching method according to claim 7, 

wherein said gas is helium gas. 

I lllllll llllll lllll lllll II llll 
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9. A laser etching method according to claim 7, 

wherein said gas·is hydrogen gas. 

10. A laser etching method according to claim 6, 

5 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 

silicone oil. 

15 

13. 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 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, 

I lllllll llllll lllll lllll /11111 
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for executing irradiation of said laser light in a 

state where said work article is provided in a gaseous 

atmosphere of a pressure not exceeding 10 Torr. 

5 15. A laser etching method according to claim 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 

l lllllll lllltl lllll l\111 \11111 
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light pulses of a large energy density in space and 

time with a pulse radiation time not exceeding 1 

picosecond and adapted for optical ablation working of 

a work article formed of an inorganic material by 

5 irradiation of said work article with a laser light 

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 

oscillation 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 

1 flll fl llf! I H Ill/ 
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said work article formed of said inorganic material, 

and is adapted for working said work article by 

irradiating said work article with said laser light in 

a state where a gas flow is caused in the work position 

5 of said work article formed of the inorganic material. 

23. 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 

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. 

I lllllll llllll lllll lllll II llll 
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26. A laser etching apparatus according to claim 

25, wherein said medium filled in said chamber other 

than air is gas of an atomic weight smaller than that 

of nitrogen molecule. 

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 oil. 

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 
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heater to be controlled at a predetermined temperature 

by temperature adjusting means and is adapted for 

working said work article by maintaining said work 

article 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. 
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