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Characteristics of High Repetition Rate Wavelength Tunable Solid State Laser
for Real Time Laser Monitoring System

Yoichiro MARUYAMA and Masaaki KATO
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Tokai Research Establishment
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(Received December 13, 2002 )

As a tunable laser source for the study of real time LIDAR (LIght Detection And Ranging)
techique to detect some trace impurities and radioactive material in atmosphere, a dye laser using
liquid fluid as a laser media has been employed. However, the dye laser which has a complex
structure is difficult to handle. Therefore, it is considered that the dye laser may not be used as a
practical light source for real time LIDAR. A tunable solid stat laser composed of an optical
parametricc oscillaotr (OPO) which has a wide wavelength range from violet to infrared with a
single nonlinear crystal is one of the promising tunable light sources, however, there is no OPO
with high repetition rate and large pulse energy for real time LIDAR. Therefore, high repetition rate
lasing characteristics of OPO are studied. In this experiment, (3 -Barium Borate (BBO) crystal
which has wide wavelength range is utilized as a gain meduim of OPO and pumped by the second
harmonic of Nd: YAG laser with the pulse repetition rate of 0.5 kHz.

The threshold pumping peak powers for Type-I and -II BBO-OPO are around 16 MW/cm? and
20 MW/cm?, respectively. Maximum average output power of around 5.4 W corresponding to the
pulse energy of 11 mJ is obtained for Type-I OPO with the power conversion efficiency of around
45%. At the average puming power of 14 W, the averege output power of OPO still increases and

undesirable thermal effects are not observed.

Keywords: OPO, BBO, Tunable Solid State Laser, Real Time Measurement, LIDAR
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Fig. 1. Calculated tuning characteristics of Type-I and -1l BBO-OPO pumped by the
second (532 nm) and third (355 nm) harmonics of Nd: YAG laser.
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Fig. 2. Calculated tuning characteristic of Type-Il BBO-OPO pumped by the
second harmonic of Nd: YAG laser.
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Fig. 3 Amplification factors for Type-I and -II BBO-OPO pumped by the second and third

harmonics of Nd: YAG laser
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F.R:Farady rotator, D.M: Dichroic mirror, B.D:Beam dump, R.R:Rear reflector, 0.C: Output coupler, B.S:Beam
splitter, NLC:Nonlinear crystal, R:Reflection, T:Transmission

Fig.4 Experimental setup of BBO-OPO pumped by the second harmonic of Nd: YAG laser
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Fig. 5 High repetition rate BBO-OPO pumped by the second harmonic of Nd: YAG laser
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Fig.6 Characteristics of Type-I and -II BBO-OPO pumped by the second harmonic
of Nd: YAG laser
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Fig.8 Temporal pulse shapes of BBO-OPO and pump laser



JAERI—Research 2002040

30 T
—&— Type-Il OPO
- —i— Type-I1 OPO
25 [ S
2 20|
.5 - = " /‘H e i®
: I e @
g 15 | s [
] 8
& S
g 10
5
0 s A A 2 s A A A A Y L. 2 a2 e i i ' A . i i i A e
] 1 2 3 4 5 6
Pump Power (W)
Fig. 9 Pulse duration of BBO-OPO as a function of pump power
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Fig.10 Spatial profile of Type-II BBO-OPO output pulse
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Fig.11 Linewidth of Type-IIl BBO-OPO pumped by multi- and single-mode Nd:YAG laser
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