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Solar Directly Pumped 1064 nm Laser Amplifier
Wang Yu, Zhao Changming, Yang Suhui, Zhang Haiyang, Guan Zhe
Abstract

School of Optoelectronics, Beijing Institute of Technology, Beijing 100081, China

Based on the physical properties and optical features of Nd: YAG and Nd/Cr: YAG, the internal temperature
Key words

The solar directly pumped 1064 nm laser amplifier is designed, and the solar pumped laser amplification
distribution of the laser material is simulated with LASCAD to verify the feasibility of the design. When the solar
OCIS codes

is realized. The laser amplifier uses Fresnel lens and metal conical cavity as sunlight gathering system. The laser
materials are Nd: YAG and Nd/Cr: YAG disk. The theory of solid-state laser amplification is analyzed. The sunlight

gathering system is simulated by tracePro, and the pump power density at surface of the laser material is calculated.
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radiation power density is 900 W/m® and the maximum seed laser power is 300 mW, the maximum laser output
power is 475. 1 mW. Experimental data of different sunlight gathering systems and laser materials are analyzed
comparatively to provide direction for further improvement.
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Table 1  Optical and physical parameters of gain material

Doping Stimulated emission Fluorescence Scattering Thermal conductivity / Refractive
concentration /% cross-section /cm® lifetime /s loss /em ™! [W/(cm+K)] index
Nd: YAG Nd*": 1.0 6.5X107" 2.3X107" 0.002 0.14 1.83
Nd**: 1.0
Nd/Cr: YAG o 6.5X10 " 5.5X10°" 0.003 0.14 1.83
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Fig. 1 Absorption spectrum curve of Nd/Cr: YAG ceramics Fig. 2 Solar radiation relative intensity curve
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Fig. 3 Simulation of sunlight gathering effect. (a) Light tracing image of pump beam;
(b) profile structure diagram of conical cavity; (c¢) surface power distribution of gain material without cavity;

(d) surface power distribution of gain material with conical cavity

P4 S AR 5 B AL B 1B Fh T O A 0, =457 18 45 A 5T OGS AR il R A 5 e A BT
0, =22.9°. MIRBOCH SRR How Xk

G_ipjln{w {exp(SPPinsjl}Go} , 0
P.. :P;nG:SPSIn{l—}— |:exp(Pm j_l}G"} , 2)
SPs
A G BB P AWM AT, P A HEERE,S W FOLCRTE I, Ps MBI REE, & L H
Pszyﬁ;, (3)

Nd/Cr: YAG J& T REHR R GE . h A W0 80 WA,y =1,0 XK o NPT, /Ma
Wi Go

G, =exp(goL) » €Y)
T AR R W G EL<Es, Ur L, al LT 2175 3]
G~G0=exp(goL)=exp(2god] , 5
cos 0,

Kb g0 AME SR RBL SIS KB B ELRJE d

fihiz Yo 8 i 22 R Jm FL A RN A [ b 3R 15 5 2 i S R [ 5 R S a2 D T 7 A 1 R e o AR
UM SV A, (BISE B 25 A A R i )™ A 5 AT IR AR AR 4 B B4 o T B RS B T UK = 4 ) i E S A T
A A 1) A A — A8 5 1) AR BE AR .l TR R B R RE A 2 mm, 5 TR SRR LG, O T AR T
P9 2 i 1T AL/ 0N 3 3T A DA A ) kR A P IR A2 T 3 T R A o TG T Ll B 3 A AR A — A A
o fet 1 AT LA 2

0301003-3



seed laser

°
P
éq,’\

@
[
epcee

pump power

'I 3 ) Ml

filter . : gain material
detector gain material

P 4 S 55 5 SR AL B 1R

Fig. 4 Image of experimental structure and basic beam path
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Fig. 5 Images of temperature simulation. (a) Temperature distribution in the vertical direction;

(b) temperature distribution in radial direction
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Fig. 6 Experimental results comparison between Fig. 7 Experimental results comparison
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