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vortex beams and spherical wave

Zhao Dong’e'?, Wang Siyu', Ma Yayun', Zhang Bin'?, Li Nuolun', Li Yuan'?, Chu Wenbo'?

(1. School of Information and Communication Engineering, North University of China, Taiyuan 030051, China;

2. State Key Laboratory of Electronic Testing Technology, North University of China, Taiyuan 030051, China)

Abstract: Based on the theory of vortex beams and spherical wave interference, an optical measurement method
for object micro-displacement was proposed. After improving the Mach-Zehnder interference optical path, a
vortex beam was generated as a reference beam, using the spatial light modulator illuminated by a beam of light,
and another beam was transformed into a spherical wave through the lens and illuminated to the object. The
interference fringes were distributed in a spiral shape as the two beams interfered. When the object has a micro-
displacement, the optical path difference of the two beams changes, and the spiral interference fringe rotates.
Noticing this phenomenon, the micro-displacement of the object can be determined by the rotation angle of the
spiral interference which vortex beams interference with spherical wave. Through theoretical analysis, simulation
and experiments have proved that the micro-displacement of the object can be monitored in real time, and
effectively calculated by the rotation angle change of spiral fringe based on interference of vortex beams and
spherical wave. In the experiment, the displacement of the measured object is 27 nm, the actual measured
displacement of the object is 25.75 nm, and the error is 1.25 nm compared with the theoretical value.
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Fig.1 Simulation flow chart of measuring micro-displacement based on the theory of vortex beams and spherical wave interference
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Fig.2 Interference intensity of vortex beams and spherical wave before

and after micro-displacement in the simulation
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Fig.3 Subtractive intensity distribution of the interferogram before and

after the micro-displacement of the object in the simulation
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Fig.5 Experimental set up for measuring micro-displacement of objects

based on vortex beams and spherical wave interferometry
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Fig.6 Interference fringes of vortex and spherical waves in the
experiment. (a) Interference pattern before the displacement of the
piezoelectric ceramics |,

(b) Interference pattern after the

displacement of the piezoelectric ceramics

R SEYARAT 18 P P 55 07 3 P B AR [ g Ak
B, WA 7(a) Frs NS T A s HAUR AR TS
VP P D 32 3 A1 L, e v IS s il AN 151 7(b).
(c) It i 5 B 3% i BRE 2% S0 DI AV 7% i IR
AR BCHY DIk o Ak R v B B 5 B T ) 7 T
T IR B BRE A SO BERS £ 2 29.29°, RS
A 51.49 nm, X TR RERIAFS D 25.75 nm,
ZEM 1.25 nm,

K7 S8 1% MATLAB AR BEES SR . (a) (RS 1S 185 [EUA Dol ot B2
G0, (b) (RS RTBRBE A BURIETLR, (c) RS IR IRBE AR BU YT R

Fig.7 MATLAB processing results of experimental image. (a)
Subtractive intensity distribution of the interferogram before and
after the micro-displacement, (b) Tangent of the spiral fringe
before the micro-displacement, (c) Tangent of the spiral fringe

after the micro-displacement

SCHRAE S HT I8 i€ ' 5 K TR IR T v BRI Y R Al

I, AR R IR eI i T . WA
hS RS T RS Bk 9, T IREE
ESRRTEE TV S B IR e R A A, W R SR & AR T
NSRS, TP IR AR 80K A e o JE A AR A B L
EEYIARABE T IS 2% SR A5 BUI e R £ AR AR, B AT
BRI ALRS AR A . SCH 430 R Virtuallab £ B
SRS R UE R, ST IRE L S ek T
VIR TE 5% BUE R #f BE (R A8 Ak mT DU 350350 4R 1Y)
ik, MEYIRIS R 27 nm, REEFEH 54 nm
B, T E G K T T I IR i Ak UL PRTE RS 29.29°,
TR AR AR AL B 51.49 nm, Xt T )44 (4 1 8%
25.75 nm, 1254 1.25 nm. %773 A 580 3 7
il PR UL W AT M RS AR A

S 3k

[1] Ke Xizheng, Xu Junyu. Interference and detection of vortex
beams with orbital angular momentum [J]. Chinese Journal of
Lasers, 2016, 43(9): 0905003. (in Chinese)

[2] Zhang Guanming. Vector diffraction of optical vortex beams and
optical tweezers under rayleigh regime [J]. Jiangxi Science,
2017, 35(5): 671-675. (in Chinese)

[3] Zhao Yingchun, Zhang Xiuying, Yuan Chaojin, et al. Dark-field
digital holographic microscopy by using vortex beam
illumination [J]. Acta Physica Sinica, 2014, 63(22): 224202. (in
Chinese)

[4]  Yan Xu, Guo Lixin, Cheng Mingjian, et al. Controlling abruptly
autofocusing vortex beams to mitigate crosstalk and vortex
splitting in free-space optical communication [J]. Optics
Express, 2018, 26(10): 12605-12619.

[5] Hu Xingyao, Zhao Qian, Yu Panpan, et al. Dynamic shaping of
orbital-angular-momentum beams for information encoding [J].
Optics Express, 2018, 26(2): 1796—1808.

[6] Qiu Song, Liu Tong, Li Zhimeng, et al. Influence of lateral
misalignment on the optical rotational Doppler effect [J].
Applied Optics, 2019, 58(10): 2650—2655.

[77 Ghai Devinder Pal. Generation of optical vortices with an
adaptive helical mirror [J]. Applied Optics, 2011, 50(10):
1374-1381.

[8] Zhu Yanying, Yao Wenying, Li Yuntao, et al. Experiment of
vortex beam generated by method of computer generated
holograghy [J]. Infrared and Laser Engineering, 2014, 43(12):
3907-3911. (in Chinese)

[97 Wang Chen, Liu Tong, Shao Qiongling. Generation and

0413005-5


https://doi.org/10.3788/CJL201643.0905003
https://doi.org/10.3788/CJL201643.0905003
https://doi.org/10.1364/OE.26.012605
https://doi.org/10.1364/OE.26.012605
https://doi.org/10.1364/OE.26.001796
https://doi.org/10.1364/AO.58.002650
https://doi.org/10.1364/AO.50.001374
https://doi.org/10.3788/CJL201643.0905003
https://doi.org/10.3788/CJL201643.0905003
https://doi.org/10.1364/OE.26.012605
https://doi.org/10.1364/OE.26.012605
https://doi.org/10.1364/OE.26.001796
https://doi.org/10.1364/AO.58.002650
https://doi.org/10.1364/AO.50.001374

% 4

ISk A2

29 www.irla.cn

% 49 A

[10]

[11]

[12]

[13]

[14]

[15]

[16]

interference of vortex beam based on spiral phase plate [J].
Infrared and Laser Engineering, 2018, 47(9): 0918008. (in
Chinese)

Bao Bin, Menke Neimule, Zhao Jianlin, et al. Generation of
vortex beam with a reflected type phase only LCS-LM [J].
Jounral of Opoelectronics Laser, 2012, 23(1): 74-78. (in
Chinese)

Guo Shuaifeng, Liu Kui, Sun Hengxin, et al. Generation of
higher-order laguerre-gaussian beams by liquid crystal spatial
light modulators [J]. Journal of Quantum Optics, 2015, 21(1):
86—92. (in Chinese)
Yang Xiaohong, Yang Sheng. A survey of nanometer
displacement-measuring technology [J]. Journal of Yancheng
Institute of Technology, 2000, 13(3): 5-10, 20. (in Chinese)
Shen Tao, Sun Binchao, Feng Yue. Mach-Zehneder interference
all-fiber sensor for measurement of magnetic field and
temperature [J]. Optics and Precision Engineering, 2018, 26(6):
1338—1345. (in Chinese)

Lou Yan, Chen Chunyi, Zhao Yiwu, et al. Characteristics of
Gaussian vortex beam in atmospheric turbulence transmission
[J]. Chinese Optics, 2017, 10(6): 768—776. (in Chinese)

Wang Sicong, Li Xiangping. Wavefront manipulation of tightly
focused cylindrical vector beams and its applications [J].
Chinese Optics, 2016, 9(2): 185-202. (in Chinese)

Tang Bihua, Zhen Shangbin, Zhang Yong. Phase singularities of
Gaussian vortex beams through an astigmatic lens [J]. Optics

and Precision Engineering, 2017, 25(4): 835—841. (in Chinese)

[17]

(18]

[19]

[20]

(21]

[22]

(23]

0413005-6

Sokolenko B, Poletaev D, Halilov S. Phase shifting profilometry
with optical vortices[C]//Journal of Physics: Conference Series,
2017, 917: 06204.

Youngbin Na, Do-Kyeong Ko. High-resolution refractometry
using phase shifting interferometry based on spatial light
modulator and vortex probe [J]. Optics and Laser Technology,
2018, 112(2019): 479—-484.

Zhou Yang, Li Xingzhong, Wang Jingge, et al. Topological
charges measurement of optical vortex beam by interference
method [J]. Journal of Henan University of Science and
Technology(Natural Science), 2016, 37(3): 95-99, 10. (in
Chinese)

Ke Xizheng, Xu Pu. Generation of orbital angular momentum
superpositions and its test [J]. Infrared and Laser Engineering,
2018, 47(4): 0417007. (in Chinese)

Ke Xizheng, Xie Yanchen, Zhang Ying. Orbital angular
momentum measurement of vortex beam and its performance
improvement [J]. Acta Optica Sinica, 2019, 39(1): 258—264. (in
Chinese)

Lin Yayi, Jiang Chunyong, Chen Zhiwen, et al. Measuring the
orbital angular momentum of laguerre-gauss light by spherical
wave interferometry [J]. Physics Experimentation ,2019, 39(7):
22-26. (in Chinese)

Han Zhenhai. Application of virtualLab virtual simulation
technology to physical optics [J]. Journal of Hexi University,
2016, 32(5): 33—38. (in Chinese)


https://doi.org/10.3788/IRLA201847.0918008
https://doi.org/10.3788/OPE.20182606.1338
https://doi.org/10.3788/co.20171006.0768
https://doi.org/10.3788/co.20160902.0185
https://doi.org/10.3788/OPE.20172504.0835
https://doi.org/10.3788/OPE.20172504.0835
https://doi.org/10.3788/IRLA201847.0918008
https://doi.org/10.3788/OPE.20182606.1338
https://doi.org/10.3788/co.20171006.0768
https://doi.org/10.3788/co.20160902.0185
https://doi.org/10.3788/OPE.20172504.0835
https://doi.org/10.3788/OPE.20172504.0835
https://doi.org/10.3788/IRLA201847.0918008
https://doi.org/10.3788/OPE.20182606.1338
https://doi.org/10.3788/co.20171006.0768
https://doi.org/10.3788/co.20160902.0185
https://doi.org/10.3788/OPE.20172504.0835
https://doi.org/10.3788/OPE.20172504.0835
https://doi.org/10.3788/IRLA201847.0918008
https://doi.org/10.3788/OPE.20182606.1338
https://doi.org/10.3788/co.20171006.0768
https://doi.org/10.3788/co.20160902.0185
https://doi.org/10.3788/OPE.20172504.0835
https://doi.org/10.3788/OPE.20172504.0835

