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Fig.2.1 Principle of the excimer laser oscillation.
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Fig.3.1 Component distribution of materials.
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(c) Functionally graded material.
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Fig.3.2 Characteristics of functionally graded material.

(b) Ratio of distribution.
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Fig.3.3 Production process of functionally graded material by a progressive lamination

method.
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Fig.3.4 Production method of the functionally graded material by progressive
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Fig.3.7 Schematic diagram of the excimer laser processing system.
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(c) Kaolin 100%.

Fig.3.8 SEM images of the laser processed test pieces.

Laser fluence: 1.0 kJ/cm2, repetition frequency: 1Hz,

number of pulse: 50.
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Fig.3.9 Photograph of the laser processed functionally graded material.
50%-50%layer, laser fluence: 1.0 kd/cmz, repetition frequency: 10Hz,

number of pulse: 400.
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Fig.3.10 Depth of hole versus number of laser pulse.

Laser fluence: 0.5 kd/cm?, repetition frequency: 10Hz.
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MORITEX SCOPEMAN

(b)
Fig.3.11 Photograph of the functionally graded material.
Laser fluence: 1.0 kd/cm?, repetition frequency: 50Hz.
(a) Photograph of the laser processed functionally graded material.
Scan speed: (D200um/s, @150um/s, (3100um/s.
(b) Enlarged photograph. 50%-50%layer, scan speed: 100um/s.
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Fig.3.12 Photograph of cross section of the laser processed functionally graded material.

Laser fluence: 1.0 kd/cm?, repetition frequency: 20Hz.
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Fig.3.13 Depth of hole versus composition ratio of the functionally graded material.

Laser fluence: 1.0 kJ/cm2, repetition frequency: 10Hz.
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Fig.4.3 Schematic diagram of the excimer laser ablation measurement system.
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Fig.4.5 The time chart of measurement system.
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Fig.4.6 A photograph of the ablation plasma and a schematic diagram.
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Fig.4.7 Intensity distribution of streak image of the ablation plasma when laser pulse is

shot on the surface of a 50%-50% composition layer.
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Fig.4.8 Three dimensional streak image of the ablation plasma.

Laser fluence: 1.0 kd/cm?, step time: 15ns, 50%-50% layer.
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Fig.4.9 Streak image growth of the ablation plasmas.
Laser fluence: 1.0 kd/cm?, Z-direction.

(@) Ferric oxide layer. (b) 50%-50% layer. (c) Kaolin layer.
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Fig.4.11 Formation time of ablation plasma versus laser fluence.
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Fig.4.12 Formation time of ablation plasma versus number of laser pulse.
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Fig.4.13 Initial velocity of ablation plasma versus laser fluence.
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Fig.4.14 Dimension of ablation plasma along Z direction versus laser fluence.
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Fig.4.15 Streak image growth of the ablation plasma.

Ferric oxide layer, laser fluence: 1.0 ki/cm?, X-direction.
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Fig.4.16 Distribution of the ablation plasma for ferric oxide layer.

Laser fluence: 1.0 kd/cm?.
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Fig.4.17 Dimension of the ablation plasma along X direction versus time.

Laser fluence: 1.0 kd/cm?.
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Fig.5.1 Schematic diagram of the electron density measurement system.
(@) The excimer laser processing system.

(b) The ablation measurement system.
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Fig.5.2 Typical waveforms of interference (a), (b) and (c), and laser beam (d).
Kaolin layer, laser fluence: (a) 0.1 kd/cm?, (b) 0.3 k/cm?, (c) 1.0 kd/cm?.
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Fig.5.4 The electron density versus laser fluence. Z=0
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Fig.5.5 The electron density distribution versus the position on the optical axis.

Laser fluence: 1.0 kd/cm?.
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Fig.5.6 The electron density distribution versus the position on the optical axis.

Laser fluence: 0.5 kd/cm?.
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Fig.5.7 The electron density distribution versus the position on the optical axis.

Laser fluence: 0.1 kd/cm?.
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Fig.6.1 A schematic diagram of the spectral measurement system.
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Fig.6.2 The spectroscopical waveform (a) and the laser beam waveform (b).

Ferric oxide layer, laser fluence: 1.0 kJ/cm2, wavelength: 450nm.
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Fig.6.3 The peak time of the spectroscopical signal versus the position along the X

direction. Laser fluence: 1.0 kJ/cm2, wavelength: 410nm.
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Fig.6.4 The peak intensity of the spectroscopical signal versus the position along the X

direction. Laser fluence: 1.0 kJ/cm2, wavelength: 410nm.
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Fig.6.5 The peak value of spectroscopical intensity versus the wavelength.

Ferric oxide layer, laser fluence: 1.0 kJ/cm2.
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Fig.6.6 Spectral distribution of a single line peaking at A=492.05nm.

Ferric oxide layer, fluence: 1.0 kJ/cm2.
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Table 6.1 Spectrum of Fe, Si and Al.

Fe I line spectral

Transition | Statistical

Wavelength Excitation energy Energy level .
probability weight

A (nm) E;(eV) E;(eV) | Transition J A (10%™) g
430.79 4.44 1.56 a°F-2°G° 3-4 0.34
432.58 4.47 1.61 a’F-2°G° 2-3 0.51 7
438.35 4.31 1.48 a’F-2°G° 4-5 0.46 11
446.66 5.6 2.83 b°P-x’D° 2-3 0.13 7
452.86 4.91 2.18 a’P-xD° 3-4 0.063 9
492.05 4.32 2.28 Z'F°-e’'D 5-4 0.35 9
516.75 3.13 1.2 a’F-z°D° 4-3 0.02 7
526.95 3.21 0.86 a’F-2°D° 5-4 0.0127 9
561.57 6.54 3.33 ’F°-e’D 5-4 0.17 9
602.41 6.61 4.56 V-G 4-5 0.13 11
639.36 4.37 2.43 a’H-2°G° 5-4 0.0044 9
667.80 4.55 2.7 a’G-y°F° 5-4 0.0056
694.52 4.21 2.43 a’p-z°pP° 1-2 9.12

Si I line spectral

Transition | Statistical

Wavelength Excitation energy Energy level .
probability |  weight
i (hm) | EieV) E;(eV) | Transition J A (10%™) gi
390.55 5.08 1.91  |[3p*s-4s'P°|  0-1 0.118 3
410.29 4.93 1.91  [3p#s-4s°P°|  0-1 0.0016 3
562.22 7.13 493 | 4s5°P°-5p’s 1-1 0.016 3
587.38 7.04 493 | 4s°P°-5p'P 1-1 0.00047 3
633.20 7.04 5.08 | 4s'P°-5p'P 1-1 0.0001 3
672.19 7.71 5.86 | 4p'P-6d'D° 1-2 0.034 5
697.65 7.73 595 | 4p°D-6d°F° 1-2 0.023 5
700.36 7.73 596 | 4p°D-6d’F° 2-3 0.024 7
701.67 7.73 596 |4p°D-6d’F° 2-2 0.0042 5

Al I line spectral

Transition | Statistical

Wavelength Excitation energy Energy level -
probability weight
A (nm) E;(eV) E;(eV) | Transition J A (10%™) g
396.15 3.14 0.01 | 3p?P°4s’S | 3/2-1/2 0.98 2
555.79 5.37 3.14 | 4s’S-6p°P°| 1/2-1/2 | 0.00425 2
669.60 4.99 3.14 | 4s’S-5p°P° | 1/2-3/2 0.0169 4
669.87 4.99 3.14 | 4ss-5p%P°| 1/2-1/2 0.0169 2
708.40 5.77 4.02 | 3d°D-8f°F°| 3/2-5/2 0.0029 7
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Fig.6.7 The line spectral intensity versus the upper level energy for Fe I line.

Ferric oxide layer.
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Fig.6.8 The simulated continuous spectrum versus the wavelength.
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Fig.6.9 The electron temperature versus the laser fluence.
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Fig.6.10 The electron temperature versus time as observed at X=0, Z=0.

Laser fluence: 1.0 kJ/cmz.
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Fig.6.11 The maximum electron temperature versus the position along the X direction as

observed at Z=0. Laser fluence: 1.0 kJ/cmz.
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Fig.6.12 The maximum electron temperature versus the position along the Z direction as

observed at X=0. Laser fluence: 1.0 kJ/cm2.
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Fig.6.13 The experimental spectrum and the simulated continuous spectrum versus the

wavelength. Ferric oxide layer, laser fluence: 1.0 kJ/cmz2,
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Fig.7.1 A schematic diagram of ablation plasma absorption measurement system.
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Fig.7.3 Absorption characteristics of ablation plasma.
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