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A Diffractive Optical Element Designed for Arbitrary Pattern Beam Shaping
by Use of Iterative Optimization Algorithm
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Techniques of diffractive optical elements (DOEs) based on computer-generated holograms are surveyed.
This type of DOE is numerically designed and optimized by using an iterative diffraction algorithm or a
nonlinear search algorithm. In this report, a beamshaper designed by employing the former type of algorithm

is presented. The beamshaper is capable of transforming an incident Gaussian beam into a specific beamshape,
which has a complicated pattern modeled on a printed circuit with a spatial resolution of tens of micron. The
actual procedure for designing the beamshaper and the criteria used to determine the design parameters are
reported. Furthermore, an evaluation of the designed and fabricated beamshaper and several ideas for improv-

ing it are discussed.
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Fig. 1 The target amplitude image of the beam shaper nu-
merically designed by using a method based on com-

puter-generated holograms.
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Fig. 2 Principle of anti-aliasing: (a) an edge of amplitude
in the target pattern, (b) a gauss function in the width
of 24w, and (c) convolution of (a) and (b).

goooooboobobooooboboboooooo
gboooboobooboboboooboboboboooo
gooooooboooLlooooo2rROD00ooog 2w
00000000Owdl0OO0O0000000000Ye0
0000000 00Frg. 3000000 0ODODOODOO
gboooboobooboboboooboboboboooo
gboooooboobobobooobobobooboooo
gbobobooooobogo

R=nmw ®

Ooo0oomd200000000000
gbobooobobooboboboooboobobon
gooooobooboboooobooboboooooo
gooooaoooooooooooooooooog
gbobooobooooboobbooobONADDOOD
gbooooobooboboobooobooboboobooon
goo0ooOoO0ODDO0OO0O000FRgZDcIOO0OODnD
goooooboooooooooobobbooooooo
gbooooooobobobooobobobobooon
goooboobobooaawdogooooonog
gooooooobobooooboboboooooo
dbawdooooooobooboooon
gooooooooooooboobbboboobobobon

DOi) /
Gaﬁss .l"-.__ 6’\ B\??m J:N y
beam ‘
' 2R 2 ] 2W0
; I
i

Fig. 3 Parameters used for designing the beamshaper.
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Fig. 4 Procedure of iterative diffraction algorithm for nu-

merical design of beamshapers.
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Table 1 Summary of design parameters.

Wavelength A 632.8 [nm]
Pixel size 42 5X5 [um?]
Number of pixels Ny x N, 4096 X 4096
Working distance L 200 [mm]
Diameter of incident beam (1/¢?) w 10 [mm]
Size of signal window Ry, 169 (%]
Number of quantization level 16
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Fig. 6 Variation of signal to noise ratio with iterations of the
procedure.
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Fig. 7 The simulated amplitude image of the output of the
numerically designed beamshaper.
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Fig. 9 Photographs of the output pattern of the fabricated

beamshaper.
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Fig. 10 Histogram of amplitudes in the output of the fabri-
cated beamshaper.
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Fig. 12 The simulated amplitude image of the output of a

beamshaper designed by improved algorithm.
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Fig. 11 Varigion of signal to noise ratio and conversion
efficiency with iterations in improved algorithm. Fig. 13 The contour map of output uniformity for errors in
the phase of fabricated DOEs and the diameter of

incident beams.
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