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Fig. 1. The principle schematic diagram of tube laser distor-
tion wavefront correction based on the right-angle cone de-

formable mirror.
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Fig. 2. Schematic diagram of drive units arrangement of the
right-angle cone deformable mirror: (a) Rear surface of de-

formable mirror; (b) side view of deformable mirror.
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Fig. 3. The diagram of equivalent deformable mirror.
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Fig. 4. The diagram of coordinate transformation.
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Fig. 5. The wavefront aberration decomposition and far-filed intensity distributions with the concentricity error of 1 pm: (a) The

wavefront aberration decomposition; (b) far-filed intensity distribution.
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Fig. 6. Parameters optimization: (a) The PV variation of
annular defocusing residual wavefront; (b) the PV vari-

ation of annular astigmatism residual wavefront.
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Table 1. Material parameters.
Parameters BK7 PZT
Young’s mudulus/Gpa 81 70
Poisson’s ratio 0.17 0.33
Density/(kg:m ?) 2400 7700
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Table 2. The parameters of the right-angle cone

deformable mirror.
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Fig. 7. The curves of 3 factor: (a) Tube’s concentricity error; (b) tube’s parallelism error; (c) tube’s taper error; (d) source’s paralle-

lism error.
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Fig. 8. Far-filed intensity distributions and (3 factor before and after correction under multi-error coupling: (a) Az = 1 um, Af =
5 prad, Af, = 100 prad, Ag; = 100 prad; (b) Az = 0.5 pm; Af = 15 prad; A, = 150 prad; Af, = 200 prad; (¢) Az =1 pm, Af =

10 prad, A6, = 200 prad; Af, = 150 prad.
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Novel method of improving beam quality of thin-wall tube
laser based on right-angle cone deformable mirror”
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(College of Electronics and Information Engineering, Sichuan University, Chengdu 610064, China)
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Abstract

Aiming at improving the beam quality of thin-wall tube laser, a novel method based on the right-angle
cone deformable mirror is proposed. In the method, a reflector with inner right-angle conical surface is used, and
the annular laser beam successively passes through the opposite sides of the tube, compensating for the off-axis
aberrations of the annular laser beam. Next, the residual aberrations are corrected by the deformation of the
right-angle cone mirror to further improve the beam quality. The physical model of the right-angle cone
deformable mirror is built up by using the finite element analysis method, followed by optimizing the structural
parameters of the right-angle cone deformable mirror. The preliminarily optimized right-angle cone deformable
mirror drived by 48 actuators with a radius of 1.5 mm for each actuator and an interval of 11 mm between
actuators is then utilized to correct the beam quality of the thin-wall tube laser. Results indicate that the
output beam quality of the thin-wall tube laser degrades rapidly with the increasing of the tube’s concentricity
error, parallelism error, taper error and source’s parallelism error. Fortunately, the beam quality is significantly
improved by using the right-angle cone deformable mirror and the 3 factor greatly decreases. In addition, the
performance of the non-ideal right-angle cone deformable mirror with a 20-purad taper error and a 10-mrad
collimation error is compared with that of the ideal mirror, and the results show that the ( factor is controlled
within 1.14 after having been corrected by the non-ideal right-angle cone deformable mirror. Therefore, the
simulation results theoretically prove that the novel method can effectively eliminate the typical aberrations
caused by the errors from fabrication and alignment and correct the wavefront distortion of the large-aperture

thin-wall tube laser, thus significantly improving the beam quality.
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