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Analysis of Second Harmonic Generation and Output Pulse Distortion
Considering Laser Absorption with Repetitive Irradiation
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Shorter pulse duration and higher power of solid-state lasers have accelerated the development of frequency
conversion technique using nonlinear optical crystals for laser precision microfabrications. Previous theoretical studies
concerning frequency conversion supposed one pulse irradiation, accordingly the influence of temperature change of
crystal induced by laser absorption is not considered, though practical frequency conversions are used with repetitive
irradiation. Therefore researches and developments of harmonic generation with repetitive irradiation have been ap-
proached experimentally or empiricaily. In this study, the second harmonic generation considering laser abscrption was
anaiyzed theoretically. Output second harmonic pulse shape influenced by repetitive irradiation was evaluated
su?posing input pulse has Gaussian distribution temporally and spatially. It was quantiiatively revealed that a beam
profile of output second harmonic pulse especially generated by high input intensity is distorted temporally and spatially
even during extremely short time-range of one-pulse. Our analysis suggests a possibility that this pulse distortion has an
influence on processing accuracy.
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Table I Physical properties of KTP

Absorption coefficient

2¢ (fundamental, 1064 nm) 0.5 1/m

20, (second harmonic, 562 nm) 4.0 I/m
Density p 2.945x10° kg/m®
Specific heat ¢ (at 293 X} 6.85x10% J/keK
Thermal conductivity

K, (r direction) 3.064 W/mK

K. (z direction) 2.173 W/mK

Effective nonlinearity d.g 2.15x10%7 FIv

Table2 Analysis condition

Laser: Nd:YAG (A = 1064 nm) Crystal: KTP

Pulse Energy £, 2ml Length zgu 10 mm
1/¢* radius r. 1.5 mm Radius rmpax 3 mm
Repetition rate f, 500 Hz

Pulse duration 7, 15ps~1Ins

Phase maiching temperature T,m 293 K

Initial temperature Ty 293K

Phase matching angle 6, v24.6};34 deg
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