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Temperature Distribution Analysis of Second Harmonic Generation with Repetitive Irradiation of a Focused Beam
and Examination of Improvement of Higher Conversion Efficiency
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1t is well known that frequency conversion using a nonlinear optical crystal is sensitive to the temperature change of
the crystal due to laser absorption. Temperature changes of crystal cause undesirable conversion such as decline or
fluctuation of the conversion efficiency and distortion of the beam profile and the pulse shape. The frequency
conversion normally requires thermal control; however, it is inevitable that temperature gradients will develop inside the
crystal even under rigorous control.  Therefore such a thermal problem is essential for frequency conversion.  Unfor-
tunately, experimental measurement of the internal temperature is very difficult especially in frequency conversions with
a focused beam. We developed a theoretical model to analyze the second harmonic generation (SHG) with repetitive
irradiation of a focused beam. This model considers the laser absorption by the crystal and its resulting temperature
change due to heat conduction. [t is shown that the optimum beam divergence angle, which provides the highest
conversion efficiency, changes with irradiation time and the temperature distribution. Proper control based on the
analysis results shows large improvement of the efficiency.
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Fig. 1 Schematic of Analysis model
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Table 1 Physical Properties of KTP
Absorption coefficient:
2¢ry (fundamental, 1064 nm) 05m
40m™
2945 kg/m’
685 J/kgK

-1
2ex; (second harmonice, 532 nm)
Density: p

Specific heat: ¢ (at 293 K)

Thermal conductivity:

K, {r direction) 3.1 W/mK
K (z direction) 2.2 WimK
Effective nonlinearity, dog 2.43 pm/V

Table 2 Analysis Conditions

Crystal radius: 7 pax 2 mm
Crystal length: z,.x 5 mm
Focal length: fr 2.5 mm
Pulse Energy: £, I'm]
Pulse duration: T, 10ns
Beam quality factor: M? 10

Beam divergence: ¢ 1 ~9deg
Repetition rate: f, 50 kHz
Phase matching temperature: 7y 293K
Initial temperature: Ty 293 K
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Fig.2 The variation of spot size with the crystal length for the
various beam divergence angles
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Fig. 3 The dependence of the beam divergence angle on conversion

efficiency along the crystal length.  This is obtained by one
pulse irradiation with phase matching condition.
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Fig.4 The dependence of the beam divergence angle on the output
conversion cfficiency and on focusing parameter £ the ratio
of crystal length to the confocal length.  These are obtained
by one pulse irradiation with phase matching condition.
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Fig. 5 Temperature distribution along the central axis of the crystal.
Thin lines are after one pulse irradiation and bold lines are
before the 2nd pulse irradiation, which are after the heat con-
duction during the interval between the st and the 2nd pulses.
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Fig. 7 Time variation of temperature distribution inside the crystal.
{a) and (¢), and 3 sec: before the 150,000th pulse irradiation in (b) and (d).
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Fig.8 Time variation of output conversion efficiency with irradia-
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Fig. 9 The dependence of beam divergence angle on the output
conversion efficiency obtained at each irradiation time
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Fig. 10 Time variation of output conversion cfficiencies i under the
beam divergence angle of 5 deg with the different settings of
phase matching temperature Tpm. 17 (Non-control) 0 Jpm 1S Set at
the initial temperature of crystal, 293 K. 7 gmuwnioneey t Tpm IS
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the non-control condition (7 von-conron)s 313.6 Ko 5" 1 Ty 18
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the controlled condition (17 gmanineg), 315.4 K.
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Fig. 11 The dependence of beam divergence angle on the improved
output conversion efficiencies at 3 sec irradiation
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