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Output of Mid-Infrared Laser with Narrow Spectral Width in Implementation
of Optical Parametric Oscillator and Oscillator Power Amplifier

Zhao Zhigang Shen Lifeng Jiang Hongbo Liu Bin Xiang Zhen Liu Chong
State Key Laboratory of Modern Optical Instrumentation, Zhejiang University, Hangzhou, Zhejiang 310027, China

Abstract Factors such as high gain and spectral width of pump laser will significantly broaden the output
parametric spectra of optical parametric oscillators (OPO). Etalons, gratings and other components are usually
used to control the spectral width, however, loss will be imported, and thus the output threshold of lasers will
increase and the conversion efficiency and the output power will decrease. A scheme for obtaining mid-infrared laser
with narrow spectral width and high power is reported, in which the spectral width compression components are not
used. The proposed scheme obtains narrow spectral width and high power respectively. A narrow-spectral-width
pump source with a 1.064 pm Nd: YAG main oscillator power amplifier (OPA) structure is built. By adjusting the
power and the diameter of the pump light spot in PPMgLN crystal of the optical parametric oscillator, we can
control the gain intensity in the crystal and the spectral width of mid-infrared laser. In the optical parametric
oscillator, when the pump power is about three times of the threshold, 0.7 W, 2.9 pm seed laser with spectral
width less than 1.12 nm is obtained. The seed light is amplified through two optical parametric amplifiers, and 6.27
W, 2.9 pm laser output is finally obtained, when the light conversion efficiency is 15.7% and the spectral width
remains unchanged.

Key words lasers; mid-infrared laser; optical parametric oscillator; optical parametric amplifier; narrow spectral
width
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Table 1 Parameters of output laser at different pump spot diameters

Diameter /mm 0.5 0.7 0.9
Threshold /W 0.9 2 2.98
Spectral width /nm(at 1.679 pm) 0.25~0.82 0.23~0.43 >0.5
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Fig. 2 Idler output power versus pump power at different spot diameters
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Table 2 Comparison of several methods obtaining mid-infrared laser with narrow spectral width

Author Structure Output power Spectral width M:?
Samanta et al."™ OPO-F-P 1.59 W (idler) 3.13X107° nm/1.159 pm
Peng et al.!™ OPO-F-P 6.3 W (idler) 0.3~0.63 nm/2.98 pm
Lin et al t'Y OPO-blazed grating 30 pJ (signal) 1.95 nm/1.56 pm
He et al.'™ OPO-VBG 4.3 W (total) 0.55 nm/2.129 pm 3.2 4.21
Peng et al.""™ OPO-VBG 51.7 W (idler) <0.7 nm/2.907 pm About5 || about7 |
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