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Research progress of nanosecond visible all-solid-state
Raman lasers
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Abstract: Nanosecond pulsed visible laser is widely used in remote sensing, coherent radar system, precision machi-
ning, laser cleaning,and liquid dye laser pumping and so on. All-solid-state laser is favored for its compact structure,
small volume,low-cost,long life and so on. In recent years,,nanosecond visible all-solid-state lasers have been develo-
ping rapidly. In this paper,the state of the art of nanosecond pulsed visible solid-state lasers generated by second-order
nonlinear frequency conversion of near-infrared light output from Nd’*,Yb’* and other rare-earth ion-doped crystals
pumped by conventional laser diodes is briefly described. The technical characteristics of several nanosecond pulse
visible all-solid-state Raman lasers with abundant outgoing wavelength bands are introduced from the perspective of
nonlinear frequency conversion ,focusing on Raman frequency shifting, Raman frequency mixing,and diamond Raman,
with an overview of their performance characteristics and technical bottlenecks, and concluding with a summary and
outlook.
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Tab. 1 The parameter comparison of different Raman medium

parameters Optical fiber(SiO, ,Ge0,As,S;) Crystal (WO, , VO, ,NO;) Diamond
Thermal conductivity/(W - m~"' - K=") 1 5~10 2000
Transmission spectrum range/ j.m <2.50 0.30 ~5 >0.23
Raman gain coefficient/ (cm - GW 1) 0.01 ~0. 10 1~10 10
Raman shift/cm ™! 400 ~ 600 400 ~ 1000 1332.30
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Fig. 1 Ba(NO; ), Raman laser pumped by 532 nm!®)
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Tab.2 KGd( WO, ) , Raman laser pumped by 532 nm

parameters 1*Stokes 2" Stokes 3™ Stokes 4™ Stokes
Wavelength/nm 555 559 579 589 606 622 636 658

Power/mW 314 386 245 396 155 215 89 192

F3 532 nm HOLRHE Ba(NO3)2 L7 &K
Tab.3 Ba(NO,), Raman laser pumped by 532 nm

parameters 1+ Stokes 2" Stokes 3" Stokes 4" Stokes 5" Stokes 6" Stokes
wavelength/nm 563. 4 598.7 638.7 684.5 737.3 799.0

power/ W 0.69 119 0.60 0.22 0. 40 0.19
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Fig. 2 Experimental configurations of the cavities for generating
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Tab. 4 The achievements of Raman frequency mixing in recent years
Wavelength Output power Single pulse LD-Visible conversion Repetition frequency Pulse width
year /nm /W energy/ uJ efficiency/ % /kHz /ns

199813 580 0.55 140.0 18. 00 4.00 30.0
1999141 578 1.20 120.0 33.00 10. 00 30.0
200721 590 3. 14 314.0 3.20 10. 00 15.0
200922 588 5.70 100. 0 24.20 60. 00 16.0
2009/ 588 7.93 70.0 30. 00 110. 00 18.0
200924 588 5.70 95.0 24.20 60. 00 16.0
2010/} 590 8.30 550.0 6.57 15. 00 20.0
20132} 559 3.55 118.0 11. 00 30. 00 25.0
201627 589 4.20 126.0 3.30 300. 00Hz* /33. 30 13.6
201871 559 0. 81 13.5 8.00 60. 00 19.0

588 1.73 28.8 17.00 60. 00 20.0

540 0.42 20.9 6.96 20. 00 47.2
20191} 567 0.27 13.3 4.42 20. 00 4.8

597 0. 36 18. 1 6.01 20. 00 5.6
20197307 567 0.31 15.3 5.01 20. 00 4.7

597 0.51 25.4 8.45 20. 00 4.1
20207311 559 2.03 34.0 10. 40 60. 00 12.2

588 3.43 57.0 17. 60 60. 00 12.7
202013 597 0.59 39.0 9. 80 15.00 3.0
202013 S, 0. 09 8870. 0 7. 40 0.01 7.7
2020134 588 13.70 1370.0 5.88 10. 00 12.5
20200%] 588 7. 60 69.1 18.10 110. 00 11.0

588 4.10 410.0 9.76 10. 00 8.0




Ot 5 4 4 No.8 2024 B/ o

GURD AT DL [ AR 2 O AR RO WIS i

1183

Gk 4 HERWERMATRR

Tab. 4 The achievements of Raman frequency mixing in recent years

Wavelength Output power Single pulse LD-Visible conversion Repetition frequency Pulse width

year /nm /W energy/ ) efficiency/% /kHz /ns
540 0. 80 59.9 6. 66 13. 40 37.6

202013! 567 0.43 39.5 3.58 10. 90 2.4
597 0. 47 40.7 3.92 11. 60 2.6

2020137 588 8. 80 44.0 34.00 200. 00 8.0
540 0. 80 80.0 13. 40 10. 00 33.9

567 0.34 34.0 5.70 10. 00 4.2

2020138 597 0. 46 46.0 7.70 10. 00 4.7
631 0.19 19.0 3.20 10. 00 4.4

668 0.33 32.6 5.50 10. 00 4.6

20211 578 0.18 28.2 1.92 6.50 6.5
2021140 588 0. 66 41.3 3.80 16. 00 2.8
202111 589 15.10 37.8 37.75 400. 00 10.2
2021017 657 1.63 27.0 11.50 60. 00 11.5
2022141 589 0.78 19.0 4.88 41.00 3.6
588 2.20 36.7 14.19 60. 00 20.0

2022120 620 1.31 21.8 8.45 60. 00 10.9
657 1.58 26.3 10. 19 60. 00 13.8

202314 588 2.85 57.0 5.75 50. 00 3.0
2023143 589 1.10 110.0 11. 40 10. 00 0.9
»23 ) 579 1.00 100. 0 2.50 10. 00 1.3
589 0.72 72.0 1.80 10. 00 1.5

B« PRSI « « multiwavelengths @ 588 nm,584 nm,594 nm,580 nm,589 nm
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A GE B A B 7 TR WA, &l 4 s, 7k
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of diamond Raman laser[*]
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