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Fig. 1. Schematic structure of the cube-corner retrore-
flector (CCR).
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Fig. 2. (color online) Diffraction aperture and phase

distribution of the CCR (¢ = 0°).
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Fig. 3. (color online) Diffraction pattern of single CCR
with dihedral angle tolerances at far-field (¢ = 0°).
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Fig. 5. (color online) Diffraction pattern of single CCR with different fixed azimuth at far-field: (a) ¢ = 15°; (b) ¢ = 30°.
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Fig. 4. Power density distribution of the diffraction
pattern along z-axis generated by single CCR with di-
hedral angle tolerances at far-field (¢ = 0°).
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Fig. 10. (color online) Diffraction pattern of CCR array with different incident angle and azimuth angle at

far-field: (a) 6; = 30°, ¢; = 0°; (b) 6; = 30°, ¢; = 90°.
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Fig. 11. (color online) Diffraction pattern of CCR array with different propagation distance at far-field:

(a) L =2 km; (b) L = 1000 km.
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Fig. 13. (color online) Reflection pattern of the CCR array

with consideration of the assemblage azimuth error.
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031 = 15", ng = 10.

084201-8


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

) I % R Acta Phys. Sin.

Vol. 66, No. 8 (2017) 084201

w

o A R 22 ) AR A RE S B RSO R
(R, HE Y- A1 8 T AR i 22 (1R 38 Jon v 7 26 P
KN, A S S B R 5 FEAEAE AR I AN S 1, (R
T NASFCBE, HNASF AL A 1] (A XS 7
BH MRS 2T AR, RIS =M
R MR B IR, R G S E SN S HAE
FR) A R B R AT AHL B, & B S BN () A HEAS B 1) 22
BT, B AT SEBLN SRR R B3 A0 R . FIH
T es e, b 1 & T AR Z2E I A HEAR B
HEEF I 6T 5 Fe k. 80 7 BA 5 R R
PE A HERE BERE A AL BRI IR et R
9 0.5 mrad B AHER GRS, BT T OGRS EL
SERIZHON SO AU AT S R ) s e, 25 SR
BH, NS PGB 8 B 23 A 5o s S 6 R R M R
e, 24 £ 4 B2 2705 A2 R DU 2 AR I, A R B 0T I
STOGTE ) A 35 ST MR S e 2 B a B
I, SR G TR B A 1) o3 A SE N8 A0 24 B e A
—EEIT, PSSR A, (H RS OGBE 9
Pt — B30, 16 TAE, 27 AR ZE X I
SRR PR R A Y 3, R AR AR B T A D A
X SAFHRF P R LK, A dE e gk — A 3 R o Eon
DN

=T

S

084201-9

Zurasky J L 1976 Appl. Opt. 15 445

Liu J Y, Yang J Q, Dong D F, Zhou W H 2015 Opt.
Precision Eng. 23 1558 (in Chinese) [XI#FH, HERK, #
FUE, FYER 2015 S5 TR 28 1558]

Wang L G, Wu Z S, Wang M J 2013 Acta Phys. Sin. 62
164210 (in Chinese) [EFIE, ZIRAR, TMHZE 2013 Y%
] 62 164210]

Wang J C, Zhang C M, Zhao B C, Liu N 2010 Acta
Phys. Sin. 59 1625 (in Chinese) [T 4, TR, B,
X7+ 2010 YR 59 1625

Zhang X N, Zhang C M 2012 Acta Phys. Sin. 61 104210
(in Chinese) [FKEHE, HER 2012 #FEH 61 104210]
Tang Y H, Zhang C M, Liu H C, Chen G D, He J 2005
Acta Phys. Sin. 54 4065 (in Chinese) [JFiZii], ki K,
XIPLEL, HROGAE, B 2005 #H %R 54 4065]

Nie H, Weng X T, Li S, Liu J Y 2003 Acta Opt. Sin. 23
1470 (in Chinese) 3%, HME, 2, XIHEAR 2003 J6%
4% 23 1470

Zhou H, Li S, Zheng G X, Gao J L 2009 Acta Opt. Sin.
29 60 (in Chinese) [E#E, 250, AE M, mR¥E 2009 J62%
4% 29 60)

Wang T, Wang W, Geng D, Du P, Gong M 2014 Opt.
Spectrosc. 117 158

Ji J R 2007 Advanced Optical Course (Beijing: Science
Press) pp295-299 (in Chinese) [ZEXR# 2007 =565
T2 (Lo RREHRAL) 45 205200 7]

Zhou, H, Li S, Zheng G X 2011 Opt. Rev. 18 1

Coy S 2005 Proc. SPIE 589405

Rydberg C, Bengtsson J 2006 J. Opt. Soc. Am. A 23
1616

Liu W L, Ouyang J F, Qu X H 2009 Opt. Precision Eng.
17 286 (in Chinese) [XIJ5H, RKFH{E &, 24 2009 %
K% TR 17 286)


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://dx.doi.org/10.1364/AO.15.000445
http://dx.doi.org/10.7498/aps.62.164210
http://dx.doi.org/10.7498/aps.62.164210
http://wulixb.iphy.ac.cn//CN/abstract/abstract16694.shtml
http://wulixb.iphy.ac.cn//CN/abstract/abstract16694.shtml
http://wulixb.iphy.ac.cn//CN/abstract/abstract47264.shtml
http://wulixb.iphy.ac.cn//CN/abstract/abstract10961.shtml
http://wulixb.iphy.ac.cn//CN/abstract/abstract10961.shtml
http://dx.doi.org/10.1364/JOSAA.23.001616
http://dx.doi.org/10.1364/JOSAA.23.001616
http://dx.doi.org/CNKI:SUN:GXJM.0.2009-02-012
http://dx.doi.org/CNKI:SUN:GXJM.0.2009-02-012

32 % R  Acta Phys. Sin. Vol. 66, No. 8 (2017) 084201

A method to diverge reflected beam uniformly using
cube-corner retroreflector array with dihedral
angle tolerances

Zhou Xiao-Feng Qi Zu-Min! Luo Xiang-Qian  Liu Chang-An  Zhu Jian-Hui
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(Northwest Institute of Nuclear Technology, Xi’an 710024, China)
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Abstract

The cube-corner retroreflector (CCR) is widely applied in the electro-optical tracking, satellite communication,
interferometers and adjust-free solid state laser. In some applications, the incident beam emitted by a laser is reflected
back by the CCR to a photoelectric detector. The distance between the photoelectric detector and the laser source on
the ground is much larger than the diffraction-limited spot. Meanwhile, the attitude angle of the CCR would randomly
vary for the jitter of the platform. Therefore, the reflected beam should be diverged uniformly at far-field, whereas the
normal CCR cannot achieve the divergence on the reflected beam. The investigation indicated that six sub-spots are
generated by a CCR with dihedral angle tolerances at far-field. According the characteristics of the CCR with dihedral
angle tolerances, a structure and its design method are proposed to diverge the reflected beam with a CCR array. The
azimuthal angles of the every CCR of the array should be specially designed to generate an annular and uniform pattern.
Due to the propagation distance is much larger than the size of the CCR array, the feasibility of the method is analyzed
by the wave theory. A CCR array with a divergence half-angle of 0.5 mrad is designed, in which the dihedral angle
tolerance of every CCR is 20”. The influences of the beam and structure parameters on the diffraction characteristics
of the reflected beam are investigated. The numerical results indicate the divergence half-angle of the CCR array varies
quasi-linearly with the change of the dihedral angle tolerance, and the intensity distribution of the incident beam does not
influence the divergence half-angle. The propagation distance does not affect the uniformity of the reflected beam when
the CCR array satisfies the point source condition. When the number of the array element increases to a certain value,
the increase of the number can strengthen the intensity and hardly influences the uniformity of the reflected beam. For
the restriction of the machining and assembling technics, the dihedral angle tolerance of every CCR is hardly identical
and the assembling azimuthal angles of the array element can not be identical with the design result. Therefore, the
influence of the assemblage azimuth error and machining accuracy of the dihedral angle are studied. It reveals that the
assemblage azimuth error does not remarkably the reflection pattern, whereas the machining accuracy can observably

affect the uniformity of the reflection pattern, which can be resolved by the growth of the number of array element.

Keywords: cube-corner retroreflector, array, divergence half-angle, electro-optical tracking
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