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Research progress on high-power, high-beam-quality short-pulse/
ultrashort-pulse solid-state green laser technology
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SUN Jun-jie*?, CHEN Fei**, WANG Xiao-hua' ", WEI Zhi-peng' "
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3. University of Chinese Academy of Sciences, Beijing 100049, China)
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Abstract: High-power, high-beam-quality short-pulse/ultrashort-pulse green lasers have wide applications in
industry, medicine, and scientific research. To clarify the research progress of green light sources based on
second-harmonic generation (SHG, frequency doubling), this paper systematically reviews the latest advance-
ments in SHG green light sources at kilohertz repetition rates, categorized by pulse width and doubling
scheme into four types: nanosecond intracavity doubling, nanosecond extracavity doubling, picosecond ex-
tracavity doubling, and femtosecond extracavity doubling. For nanosecond intracavity doubling, crystals such
as KTP and LBO are used, with power increased to 51.1 W (energy 50 mJ, repetition rate 1 kHz) and effi-
ciency of 50%. Nanosecond extracavity doubling primarily employs LBO, where tandem frequency-doub-
ling crystals can elevate the doubling power to 1.04 kW (energy 1.04 J, efficiency 89%). Picosecond ex-
tracavity doubling achieves the highest average power of 1460 W (energy 259 mJ, efficiency 71%). Femto-
second doubling, by employing thin crystals, boosts power to 29 W (energy 440 pJ, efficiency >52%). The
advancements in SHG-based green light sources and related application technologies will continually expand

their boundaries in scientific research, industry, medicine, and other fields.
Key words: computer vision; edge detection; geometric figure; curve fitting; subpixel; optical efficiency;
green laser
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Fig. 2 Statistics on average output power and efficiency of

nanosecond-level intracavity frequency doubling
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Tab.1 Advances in Nanosecond Intracavity Frequency Doubling Research (Sorted in Descending Order of Frequency

Doubling Output Average Power)
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N Y S BT SRRt B CRU e o AL
wy Ry T owm o owk N o WIENS Hex o (%f;) WK
§ (mm’)  BE IEW)  (am) M) o (%) (m)  (ns)
(%)
20220 LBO - 150 °C 0.27 532 270 50 50 - - 1 1064 -
20171 PPLN 1*1*1.2 25°C 0.323 532.7 4.84 320 52 6.9 - 66.7 1064 -
2020 BBO 4*4*Q 20 °C 0.8 539.9 80 33.9 13.40 - - 10 1080 -
2020 LBO 3%3*10 29 °C 0.85 532 69 - 12 - - 12.4! 1064 35
2015 GTR-KTP 3#3%*7 i 1.2 532 162 12.1° 17 - <1.5 75 1064 -
2016 LBO 2%2%15 20 2.6 535 86.7 36.6 26.8 - - 26.8 1070 -
20239 KTP 4*4*10 20 3.8 532 380 192 45.50* - 1.6/1.7° 10 1064 -
202017 BBO 4*4*Q 20 °C 4.37 532 72.83 36 22.40 - - 60 1064 -
202421 LBO - - 51.1 527 50 mJ 98.7 11.45 - 18.1/14.59° 1 1054
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Tab.2 Advances in Nanosecond Extracavity Frequency Doubling Research (Sorted in Ascending Order of Frequency

Doubling Output Average Power)
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Tab.4 Advances in Femtosecond Pulse Width Frequency Doubling Research (Sorted in Descending Order of Fre-

quency Doubling Output Average Power)
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