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Resonance wavelength  Nonresonance wavelength Nonresonance wavelength
(e.g., UV laser or light)  (e.g., CW, nanosecond laser (femtosecond laser)
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Non-reaction The interior
(one-photon process) (multi-photon process)
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CCD camera - L ﬁ/ﬂ“%ﬁ:
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Density

A¢ (r) phase change

- The positive peak due to the pressure wave
: propagates outward with a constant velocity.
~6.2 um/ns

The temperature and pressure of this region
rises very rapidly and dramatically.
>3000 K, ~1 GPs

The center of the focusing laser beam

)

0 2 4 6r/um8 10 12 14 fsL—H—E LB IZRHEH

Fig. The phase distribution obtained by a phase
retrieval calculation of the spatial pattern.
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The irradiation of a single pulse After pulse irradiation

Temperature increase and thermo-elastic Compressive stress moves back
stress should be induced in a very limited toward the center.
volume. |

! A graduated high-density region is
The relaxation of the thermo-elastic stress formed in the laser-focusing area.

produces the force driving the shock wave. |

! Structural change becomes a
The shock wave propagates outward. permanent refractive-index change.
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The structure of the glass is extended outside. © VAT RLF— I - REEER
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Laser Beam
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reflective mirror

waveguide cores

3 cores ¢ ~

glass substrate

arrayed cores
3% 8 = 24 channels 25 %3 75 x| 1IN

The characteristics of a writing waveguide can be controlled by adjusting the writing conditions

Table Guide mode and mode field diameter calculated from the refractive-index profile

Refractive Change MFD@1.3 | MFD@1.55 | Calculated guide Calculated guide
index diameter[um] mode@1.3um mode@1.55um

reference[%]
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Dammann grating (microscopic view) Photograph of the image pattern
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Material : Synthesized silica
Laser power : 300mW
Objective lens : 20x (NAO0.4)
Scanning speed : 60um/sec

A=633nm
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Image at the focal plane
X profile

Binary lens (microscopic view)
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o Y profile

/ Diffraction efficiency = 38.7%

Material : Synthesized silica _
Spot size =12.3um

Laser power : 160mW
Objective lens : 5x (NAOQ.14) CCD
Scanning speed : 25um/sec /z
9.0

/
A=633nm
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3.0 uJ @ 250 kHz ) .. ]
H > - Formation of elemental distribution

1

10 um HEE A

Observation by EPM
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Fig. Elemental distribution around the focal point after laser irradiation and relative concenntration
profile of each element across the modified area.
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NONE COMPO 100kV X1500 10um D 7.4mm
Backscattering electron images on Si rich

region in previous slide by field emission
scanning electron microscopy.

Silicon nano-particles were precipitated near the focal spot by the fs laser irradiation.
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LASER
Pulse width: 130 fs
Pulse energy: 3 puJ
Repetition rate: 200kHz
Objective: 50x, NA=0.85
Irradiation Time: 5 sec.

NONE SEI 200kV X65000 100nm WD 15.2mm

0.00 0.50 1.00

SEM image and the graph plots the results of elemental analysis by
EDS of polished glass surface to depth of focal point.

(a) non-irradiated, (b) laser irradiation and after subsequent heat
treatment at 850 C.
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Momentum conservation
Electron plasma wave propagation = A
on plas propag K, =K, +K,

Plasma wave FSIVEFRD
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Side view
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Cu particle
in ethanol solution

Objective

20X
(NA 0.40)

/ [~

metal Cu

stirrer

fs-laser condition
rep. rate: 50 Hz ~ 1 kHz
pulse duration: 225 fs
wavelength: 780 nm
pulse energy: ~300 pJ
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Linear polarization Circular polarization
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