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Passively O-switched sub-nanosecond laser based on
YAG/Nd: YAG/Cr*: YAG composite crystal
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Abstract: Due to its excellent characteristics of good beam quality, narrow pulse width and compact
structure, all-solid-state passively Q-switched lasers have a wide application in radar detection, industrial
manufacturing etc. Here, the output characteristics of passively Q-switched YAG/Nd: YAG/Cr* : YAG
laser are studied theoretically and experimentally. While being pumped by 808 nm laser with 230 um
beam diameter and 6.72 W power, a Q-switched laser output with an average power of 1.41 W and pulse

width of 736 ps at the repetition rate of 8.46 kHz is obtained. Furthermore, it is shown that the symmetry
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of the laser beam decreases as the focus of the pump laser moves away from the Nd: YAG end face, and
the laser threshold shows an upward trend when the distance between the focus of the pump laser and the

Nd: YAG end face increases along the axis of the crystal.
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Table 1 Laser crystal's length

Composite crystal

Parameter
Nd: YAG YAG/Nd: YAG Nd: YAG/ YAG YAG/Nd: YAG/ YAG

Crystal length/mm 7 2+5 5+2 1+5+1
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Table 2 Simulation results of laser output characteristics corresponding to different composite crystals

Composite crystal
Output parameter

Nd: YAG YAG/Nd: YAG Nd: YAG/ YAG  YAG/Nd: YAG/ YAG
Threshold/W 3.01 3.17 3.2 3.2
Output power/W 5.03 4.92 4.78 4.83
Thermal focal length/mm 27.69 33.95 29.88 34.49
Spot radius/pm 56.60 58.20 59.60 60.80
Beam quality M* 1.19 1.13 1.75 1.17
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Fig. 1  (a)-(d) Schematic of laser crystal; (e)-(h) P,=10.72 W, Schematic diagram of temperature distribution inside laser crystals;

(1)-(1) P,=10.72 W, Schematic diagram of thermal stress distribution of laser crystals
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Table 3 Comparison of simulation result of YAG/Nd: YAG/Cr*: YAG passively Q-switched lasers and other research results

Measured parameter

Composite crystal

YAG/Nd: YAG/Cr*': YAG YAG/Nd: YAG/Cr*: YAG/YAG""  YAG/Nd: YAG/Cr*: YAG""

Crystal size/mm’ 3x3X%(2+5+2) 3x3X(1+7+1+1) 3x3%x(2+5.5+1.5)
Cavity length/mm 9 10 25
Single pulse energy/pJ 691 18.2 425.8
Pulse width/ns 1.42 1.23 1.9
M’ 1.13 1.18 1.7
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