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Fig. 1. (a) Intensity distributions of the CAB at the initial plane; (b) phase distributions of the CAB at the initial plane; (c) intens-

ity distributions of the CAB during propagation in the r-z plane.
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Table 1.  The phase distributions of the diffractive optical elements, the three largest |v| and the calculated intensity dis-

tributions of corresponding modes with different parameters.
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Fig. 3. Calculation results of the intensity distributions of
the modes by using Fox-Li method with different paramet-
ers: (a) iy =1 mm, w=0.2mm and a = 0.15; (b) 1, = 1.1 mm,
w=0.22 mm and ¢ = 0.17; (¢) 7y = 1.2 mm, w = 0.25 mm
and a = 0.2.
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Fig. 4. Radial intensity distributions of the ideal CAB and
the beams produced by different methods: (a) 7y = 1 mm,
w= 0.2 mm and a = 0.15; (b) 7y = 1.1 mm, w = 0.22 mm
and a = 0.17; (¢) 1y = 1.2 mm, w = 0.25 mm and a = 0.2.
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Fig. 5. On-axis intensity contrast of the ideal CAB and the
beams produced by different methods: (a) 7y = 1 mm, w =
0.2 mm and a = 0.15; (b) ry = 1.1 mm, w = 0.22 mm and
a=0.17; (¢) 1y = 1.2 mm, w = 0.25 mm and a = 0.2.
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Abstract

A scheme for forming high-quality circular Airy beams inside the laser resonator is presented theoretically.
The desired circular Airy beam can be generated when the common reflective mirror is replaced by a designed
diffractive optical element. The mode generated in the proposed cavity can be stimulated by using the so-called
eigenvector method. The calculated results show that the parameters of the beams can be controlled by
changing the phase distribution of the diffractive optical element. The loss of the generated mode is very low,
which is close to that of the fundamental Gaussian mode. The purity of the generated mode is very high, which
is much better than that from the phase-only encoding method in Fourier space. The phase distribution of the
diffractive optical element needs designing for a fixed resonator length. In practice, the real resonator length
may not be equal to the designed resonator length. Thus, the influence of the alignment error of the resonator
length is discussed in detail. The results show that the diffraction loss of the proposed system is still very small
even when the error reaches up to 2 mm. Meanwhile, the purity of the generated mode decreases little. Then,
the influence of etching depth errors and the decenter of the reflective mirrors are discussed in detail. Here we
assume that the fluctuations are randomly distributed. The value of the maximum fluctuation is used to
represent the etching depth error degree. The results show that the diffraction loss of the proposed system is
more sensitive to production error, and the purity of the generated mode is more sensitive to alignment error.
Thus, we estimate that the maximum etching depth error should be less than six percent of the wavelength, and
the vertical distance between the centers of the two reflective mirrors should be less than 7 pm if one wants to
obtain high-quality CAB with high efficiency. The requirements for precision are acceptable for existing

microfabrication and operation technologies.
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