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Advances in Passively @- Switched Y b**-Doped Laser
Materials Microchip Solid- State Lasers

Dong Jun Ma Jian
(Department of Electronics Engineering, School of Information Science and Technology,

Xiamen University, Xiamen, Fujian 361005, China)

Abstract Laserdiode pumped passively Q-switched solid state lasers, with compact configuration, excellent beam
quality owing to good match-up of pump and laser light, easy to achieve sub-nanosecond pulse width and high peak
power, have widely applications in laser processing, telecommunications, surgery, biology, material microstrud ure
analysis and so on. In the past decade, dramatic progresses have been made in passively Q-switched solid state lasers
based on ytterbium dopedlaser material and saturable absorber such as Cr** . YAG, semiconductor saturable absorber
mirror (SESAM). Passively Q-switched Yb** doped solid state lasers have achieved not only the same high peak
power output, but also with better efficiency and flexible designs. The progresses and future work on passively Q-
switched Yb* doped laser materials microchip lasers have been overviewed.

Key words lasers; microchip lasers; ytterbium doped laser materials; passively Q-switched;, high peak power;
saturable absorber
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Table 1 Optical and thermal properties of laser materials used in passively (-switched lasers
Laser materials A/nm A/nm 6,/(10° ® em?) 6,/(100® em?) T/Us AA/nm AN nm  k /[ W/(m*K)] References
Yb: YAG 941 1030 0.8 2.3 951 18 8 14 [17,18]
Yb: LuAG 940 1030 0. 77 2.8 1100 2.5 8.4 [ 19]
Yb: YSAG 943.5 1031 0.73 1. 8 1100 24.2 14 12 [ 20]
Yb: YAB 976 1040 3.4 0.8 680 20 - 4 [21]
S-FAP 900 1047 9 6 1140 - 5 2 [ 22]
Yb: KGW 981 1024 5.3 2.8 600 3.7 20 3 [ 23]
Yb: KYW 981 1024 13.3 3 600 - 20 3.3 [ 24]
Yb: GGG 941 1025 0.5 2 800 18 12 8 [ 25]
Yb: Y,0; 978 1031 2.4 0. 85 850 - - 14 [ 26]
Yb: NaYW 975 1000 1. 84(0) 1. 3(9) 392 - - 1.06 [ 27]
2. 52(T) 3.4
Nd: YAG 808 1064 67 28 230 <2 0.6 14 [ 18]
Nd: YVO, 8038 1064 27 120 90 4 0. 96 5.1 [ 28]
Notes! A, and A are the peak pump and laser wavelength. O, and 0, are the absorption and emission cross section. Tis the

fluorescence lifetime. A), and AMN are the absorption and emission spectral bandwidth (FWHM). £ is the thermal conduct ivity.
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Table 2 Passively @-switched lasers with Yb** doped laser crystal as gain media
Gain medium/ Pump Output o Peak
W avelength/ Efficiency/ Energy/ R.R./ FWHM/ i
Y ear saturable pow er/ power/ power/  Reference
nm % ] kH z ns
absorber mW mW kW
1999 Yb: YAG/ SESAM 1030 485(968 nm) 13 2.7 1.1 12 0.53 2.1 [12]
Yb: KGW/
2000 1033 650(980 nm) 61 10 3.4 17 85 0. 038 [ 13]
Cr* . YAG
Yb: YAG/
2001 1030 720( 940 nm) 55 7.6 3.2 17 350 0. 009 [ 49]
Cr* I YAG
2002 Cr,Yb: YAG 1030 810(940 nm) 75 9.3 1.5 50 400 0. 004 [29]
2005 Cr,Yb: YAG 1030 1418(940 nm) 156 11 23.5 6.6 0.44 53 [ 36]
Yb: YAG/
2006 1030 1200( 940 nm) 120 10 13 9.2 0.48 27 [37]
Cr* . YAG
Yb: LuAG/
2007 1030 1240(940 nm) 243 19.5 19 12.8  0.61 31 [ 38]
Cr* I YAG
Yb: Y3Sc,Al;0p/
2008 1030 3780(940 nm) 400 11 31 12.7 2.5 12 [20]
Cr* I YAG
2009 Yb: KYW/ SESAM 1044 320(980 nm) 33 10 0.044 722 170 0.00025 [ 24]
2010 Yb: NaYW/GaAs 1031 12000(976 nm) 180 1.5 2.2 83 5 0. 44 [ 48]

Notes: R. R. is the repetition rate; FWHM is the pulse width.
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Table 3 Passively @ switched lasers with Yb* doped laser ceramics as gain media
Gain medium/ Pump Out put Peak
Wavelength/ Efficiency/ Energy/ R.R./ FWHM/
Year saturable pow er/ power/ power/ Referance
nm % By kHz ns
absorber W mW kW
2004 Y203/ GaAs 1076.5  17.7(940 nm) 510 3 7.7 52.6 50 0. 154 [ 59]
Yb: YAG/ CGi*
2 1 l. 4 2 L. 12. 4 . 2
006 YAG alt coramics 030 330( 940 nm) 37 30 31.3 0.38 8 [57]
Yb: YAG/ Cr*
2007 YAG composite 1030 3.280(940 nm) 610 19 172 3.5 0.237 720 [61]
ceramics
3.3 Er,Yb Q I mm Co™: MgALO4 Q
, 475 mW ,
1998 R.Fluck ' 800 Hz, 7.4 ns,
Q Er/Yb! glass 13.3 mW, 2.2kW Q
2007 M. Brunel ' 1.5 Bm
, 4 UJ, 300~ 100 kHz, Co™ © SrLaAlO4 Q
1.2ns  1.535 Um 2000 G. 0 Er, Yb: glass :
Karlsson ' Co™ : M gA 1204 Er,Yb! glass 1. 5%,
Ee-Yb: glass Q 6 ns, 2.6 kHz,
, 2 kW , 4mW, 270
2.3ns 2001 R.Haring '* W, 1.6 U]
Q Er: Yb: glass 4 Q YbEr
1.5 Hm,
1 kH z 0. 84 ns, s YbEr
10. 6 kW 2006 F.Song '™ Ybh" Er’*
973 nm 1w , ) ,
R lmm Er/Yb Er*
( Er” 1%), 1.5 Um
4 Yb* Q
Table 4 Passively (-switched lasers with Yb** doped laser glass as gain media
Gain medium/ Pump Out put o Peak
Wavelength/ Efficiency/ Energy/ R.R./ FWHM/
Y ear saturable pow er/ power/ power/ Reference
nm % 39 kHz ns
absorber mW mW kW
Er/Yb: Glass/
1998 SESAM 1535 200(975 nm) 2.1 1 0.045 47 1.2 0. 037 [ 65]
Er-Yb: glass/
2000 Co™ & MgAlLOs 1530  750(975 nm) - - 4.6 - 2.3 2 [ 66]
Er: Yb! glass/
2001 SESAM 8 1500  608(975 nm) 16 2.6 11.2 1.4 0.85 10.6 [67]
Er/Yb-glass/
2 154 475(97 13. 2. 16. . 7.4 2.2
006 Co® : MgAlLO, 540 5(973 nm) 3.3 8 6.6 0.8 [ 68]
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