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Abstract; According to the requirements of a space diffraction imaging system for large-aperture,
weight-lightening and space deployable, a new diffraction optical element, PI photon sieve, was de-
signed and fabricated. Firstly, the design theory of PI photon sieve was analyzed and the design pa-
rameters for an amplitude photon sieve were given according to the characteristics and the principle of
space applications. Then, the mechanical structure of the photon sieve was designed by using UG
software and a PI membrane photon sieve was successfully manufactured by employing micro-fabrica-
tion methods including e-beam vacuum coating, photolithography and wet etching. Finally, the dif-
fraction efficiency of the PI photon sieve was measured and the imaging performance was tested. The

experimental results show that the diffraction efficiency of photon sieve is 4. 916 % at the wavelength
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of 632.8 nm, which is about 73. 9% of the theoretical value. For the star testing, by choosing the star
hole with a diameter of 10 pm and using a He-Ne laser {or the light source, an ideal Airy disc with a
diameter of 176. 70 pm was obtained, which is very close to the theoretical value, and the error is only
4.04%. For the imaging experiments, the maximum resolution of the photon sieve is measured to be
12. 2 Ip/mm,which is close to the spatial frequency limit of 14. 4 Ip/mm. It is shown that the experi-
mental results are generally in agreement with the theoretical results. Comparing with other diffrac-
tive elements, PI photon sieve satisfies the application requirement of the primary mirror used in a
space telescope for its lighter weight and better imaging performance .

Key words: space telescope;diffractive optical element; PI film; photon sieve; diffraction efficiency;

imaging performance
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Fig. 1 Design parameters of photon sieve
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Fig. 7 Physical figure and micrographs of photon sieve
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Tab.3 Hole diameter of zone
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3 810. 10 824,65 827.27 2.12 0.32
20 313.70 315.46 319. 39 1. 81 1. 25
21 306. 20 308. 92 316. 77 3.45 2.54
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178 104. 90 103. 41 107. 21 2.20 3.67
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Tab. 4 Test data of diffraction efficiency

WK 1 2 3 4 5
E;/nW  31.01 31.41 31.37 30.04 31.43
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W 6 7 8 9 10
E;/nW  30.03 31.42 30.47 31.14  30.04
E/nW  621.15 628.80 633.45 629.36 626.41

(Eq/ED/% 4.84 5. 00 4,81 4.95 4,80
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