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Optimization Design and Modeling of High Peak Power Yb: YAG
Pulsed Lasers with High Efficiency

Wang Jianlei Shi Xiangchun Zhu Xiaolel

(Shanghai Key Laboratory of All Solid-State Laser and Applied Techniques, Shanghai Institute of Optics and )

Fine Mechanics . Chinese Academy of Sciences, Shanghai 201800 China

Abstract A reliable design and optimization of laser diode end-pumped Yb: YAG disk pulsed laser with high peak
power and high efficiency is investigated. Based on discussion of the energy storage and extraction in the gain
medium firstly, and theoretical analysis and modeling the gain performance and thermal effects of gain medium, the
process of the amplifier gain medium design and optimization is discussed and analyzed systematically. According to
the analysis, a resultant laser amplifier with high peak pulse power and high efficiency is obtained, which is able to
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suppress sufficiently the parasitic oscillation and thermal effects.
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Fig. 1 Configuration of laser amplifier
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Table 1 Comparison of physical property for Yb: YAG at different temperature

Parameters Yb: YAG(150 K) Yb: YAG(298 K)
Fluorescence life time r /ms 1.3 1.3
Stimulated emission cross section ¢ /(102 cm?) ~4.5 2.1
Thermal conductivity « /[ W/(m « k)| 20 10
Specific heat ¢ /[J/(kg *» k)] 300 590
Thermal expansion coefficient ¢./(107% K™) 3.2 7.5
(dn/dt)/(107° K1) 3.1 7.3
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Table 2 List of parameters for computing
Parameters Disk 1 Disk 2 Disk 3 Disk 4 Disk 5
Disk thickness ¢ /mm 1 2 3 4 5
Absorption coefficient ¢ /mm’ 1.2 0.6 0.4 0.3 0.24
Young modulus E /10" Pa 3x 10"
Poisson ratio v 0.3
Heat load ratio 0.11

Cooling temperature /K 150

Pump peak power /kw 7.1

Pump pulse width /ms 1

Pump repetition rate /Hz 10
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Table 3 Design of disk laser amplifier and characteristies

of laser output

Parametr Value
Dimension /mm’® 10X 10X 3
Yb*" atomic doping concentration /% 1.5
Pump energy /J 8
Pump pulse width /ms 1
Input signal energy /J 0.5
Laser pulse width /ns 10
Logarithmic gain, g,/ 1.2
Predicated output pulse energy /J 3.1
Repetition rate /Hz 10
Exactraction efficiency /% 61.4
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