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Precise Design of Diffractive Optical Element for Beam Smoothing in
Fractional Fourier Transform Domain
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Abstract In this paper, by using the hybrid algorithm merging hill-climbing with simulated annealing, the precise
design of the diffractive optical element (DOE) for beam smoothing in fractional Fourier transform domain is

completed. True beam smoothing has been obtained, the intensity distribution of any point, besides the used

sampling point in the optimization, on the output plane is consistent with the demand for beam smoothing.
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Fig.1 Schematic of realizing fractional Fourier

transform with simple lens
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Fig. 2 Design results of the diffractive optical element (DOE) for beam smoothing

(a) phase distribution; (b) intensity distribution
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Fig. 3 Intensity distribution with half of

the traditional sampling interval

R ARAG LS B TR S) W A3 A AU TR L AR
B . REFBIH S EOR AL B BUR FE 8] B O 15 GE R i
R B A9 — 2, B) Af, = sinaQf/2D) , AT AT 5T a2
HSIIE AR BORE A AL B BT A R AN AT 5 TR,

1.4 1
1.2 1
1.0 1
0.8 1
0.6 1
0.4 1
0.2 1
0.0 T T T T T T T J
-1000 -500 0 500 1000
Position f,/pm
B 4 RAE 2 pm BFEOLTR DA

Fig. 4 Intensity distribution with 2 pm sampling interval
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Fig.5 Design results of the DOE for beam smoothing with precision design

(a) phase distribution; (b) intensity distribution
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Fig. 6 Intensity distribution with 2 pm sampling interval
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Table 1 The influence of the fractional order to the performance of beam smoothing

Fractional order p 0. 85 0. 88 0.90 0.92 0.95
90. 8¢ 92,79 94.4% 90.5% 88.8%

With DOE 7 %t %t . . .
rms 11.6% 7.2% 5.8% 9.3% 8.0%
66. 69 88. 8¢ 95.5% 98.5% 99.2%

Without DOE 7 % % : : :
rms 13.4% 17.2% 26.3% 51.2% 94.9%
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Fig. 8 Influence of the Gaussian distributed phase

distortion to non-uniformity
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