46 1 Vol. 46 No. 1
2017 1 ACTA PHOTONICA SINICA January 2017

doi: 10. 3788/gzxb20174601. 0105002

1.2 1 1 1 1
2 9 9 9
(1 s 130033)
(2 , 100039)
’ 0. 67(N27T ’ ’
0. 67'[' ’
’ 2T['
0, 66. 44% 0; ) .

92.78% 2.09%. . . ;

: 0436 (A :1004-4213(2017)01-0105002-7

Speckle Reduction Method with Phase Range Limited Diffractive
Optical Element

LIANG Chuanyang'?, ZHANG Wei', RUI Da-wei', SUI Yong-xin', YANG Huatjiang'
(1 Engineering Researcher Center of Extreme Precision Optics s Changchun Institute of Optics ,
Fine Mechanics and Physics . Chinese Academy of Sciences . Changchun 130033, China)
(2 University of Chinese Academy of Sciences, Beijing 100039, China)

Abstract: According to the generation mechanism of speckle, utilizing the concept of interference on a
pixel point, a speckle suppression method was proposed which can reduce the Speckle Contrast (SC) of
the projection image by limiting the phase distribution range in the optical field. The SC formula is
derived in the uniform interval phase range for partially developed speckle conditions, showing that when
phase distribution rang is limited between 0. 6% and 2%, a quasi-oscillatory behavior of SC appears with
the change of phase distribution rang; and SC will be falling rapidly with the lessening of phase
distribution rang when phase distribution rang is smaller than 0. 6. An ideal simulation model and a real
simulation model were established to verify the correctness and feasibility of this method. In the ideal
simulation model, the SC can be reduced from 66. 44 % to 0% as the phase range limitation varying from
27t to 0. In the real simulation model, the actual structure of the optical path was simulated in the laser
projection system, there are two diffractive optical elements in the real simulation model, one is for laser
shaping, and the other one is for limiting the phase range of optical field, the SC is reduced from 92, 78 %

down to 2.09% in the real simulation model. The proposed approach presents a significant reference with
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a low power consumption and a stable display architecture for speckle suppression application in

holographic display.
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Table 1 Speckle Contrast of the ideal simulation model and the real simulation model in different phase ranges
Phase range 27 1. 97 1. 8% 1. 7% 1. 67 1. 5% 1. 4xn 1. 3xn 1. 2% 1. 1x
ISM / % 66.44  76.05 97.36 97.63 69.00 50.93  48.65 60.12 93.15  86.56
RSM/ % 92.78  95.99  98.46 97.8 92.99 85.32 85.17 93.47  99.98  98.26
Phase range P 0. 97 0. 8x 0.7x 0. 67 0.5m 0.4m 0.3m 0.2 0.1n 0
ISM/ % 45.18  32.54  31.93  42.55  94.17  40.64 13.68 5. 81 2.4 0.78 0
RSM/ % 80.22  66.38 66.1 79.66  99.77  76.95  32.76 14.47 6. 26 2.81 2.09
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Fig. 7 The relationship curves of the SC versus phase distribution range in ISM and RSM
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