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Mechanism and Application of Phase Shift in the
Polarized Optical Systems

WU Jin-cai, HE Zhi-ping, SHU Rong, JIA Jian-jun, CHEN Shuang. WANG Jian-yu
(Shanghai Institute of Technical Physics, Chinese Academy of Science, Shanghai 200083, China)

Abstract: In order to realize free space quantum key distribution, an optical system with the
property of retaining the polarization state is customized to reduce the quantum bit error rate, and
the mechanism and application of phase shift in polarized optical system is investigated. Firstly,
based on the principle of matrix optics, the relationship among azimuth angle, phase shift and
extinction ratio of polarized light is presented. Then the principle of phase shift added linearly is
validated in the theorem and experiments. Based on the principle of phase shift added linearly, a
set of polarization keeping system is designed and validated in the theorem and experiments,and
the principle is applied to design optical systems for quantum communication successfully.
Experimental results indicate that the extinction ratio of polarized light of optical systems for
quantum communication exceed 500: 1. It can satisfy the system requirements of quantum bit
error rate for quantum communication.
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Table 1 The datasheet of extinction ratio of optical system which validating the principle of phase shift added linearly

Mirror, Mirror, 2 mirrors(phase added)
Polarized angle — - — - — -
L Extinction Phase Polarized Extinction Phase Polarized Extinction Phase Polarized
(incident ray ) . . . . . .
ratio shifts angle ratio shifts angle ratio shifts angle
H 18 000 : 1 — 0° 85 000 ¢ 1 - 0° 30 000 ¢ 1 — 0°
A\ 9500 : 1 — 90° 13 000 : 1 — 90° 11 000 : 1 — 90°
+ 37.95:+ 1 18. 4° 45° 44,46 = 1 17.1° 45° 9.75:+ 1 35.5° 45°
— 36.69 ¢ 1 18. 8° 135° 40.16 = 1 17.9° 135° 9.26 1 36.4° 135°
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Table 2 The datasheet of extinction ratio about optical systems which retaining the polarization

Mirror; Mirror, 2 mirrors(phase added)
Polarized angle — - — - — -
L Extinction Phase Polarized Extinction Phase Polarized Extinction Phase Polarized
(incident ray ) . . . . . .
ratio shifts angle ratio shifts angle ratio shifts angle
H 53 000 ¢ 1 — 0° 46 000 ¢ 1 — 0° 32 000 ¢ 1 — 90°
Vv 31 000 ¢ 1 — 90° 28 000 ¢ 1 — 90° 18 000 : 1 — 0°
+ 33.2:1 19.7° 45° 31.7:1 20.1° 45° 20 700 ¢ 1 0.8° 135°
— 37.2+1 18.6° 135° 351 19.2° 135° 23 500 ¢ 1 0.8° 45°
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Fig.5 The receiving optical system of quantum communication
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o Extinction ratio
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