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Design and experiment of unstable resonator for
high-power TEA CO, laser
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Abstract: With the aim to improve the laser beam quality and to keep the high output power for a high-power
TEA CO, laser, three sets of telescopic positive-branch confocal resonators are designed by using a unstable
resonator scheme based on a original stable resonator, and the whole design process and theoretical analysis
are given. The corresponding comparison experiments are conducted for single-pulse energy, divergence angles
and pulse duration time. Experimental results indicate that using unstable resonator not only can largely
improve the divergence angle, but also can maintain the high single-pulse energy for the TEA CO, laser.
When the designed unstable resonator is in the best combination state, it can provide the single-pulse energy of
13.7 J, a divergence angle of 1 mrad ( stable resonator as 2.4 mrad) and the pulse duration time of 50 ns
('stable resonator as 98 ns) , which shows this work will contribute to this kind of laser to be widely used in the
field of laser manufacture.
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Fig. 1 Structural diagram of confocal unstable resonator
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Table 1 Three sets of parameters for unstable resonator when L =2 060 mm and D =42 mm
N Magnification Equivalent Radius of output Curvature radius of Diameter of output

o ratio Fresnel number mirror/ mm rear mirror/ mm mirror/ mm
1.5 2.244 -8 240 12 360 28

2 2 2.525 -4120 8 240 21

3 2.5 2.424 -2746.7 6 866.7 16.8
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Fig. 2 Optical intensity distribution under different

block ratios
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Fig.3  Optical spot shapes in different positions
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Fig.4 Pulse width of unstable resonator
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