Opto-Electronic Engineering Art|C|e

% ¢ x 4

20195 , 55 46% , 5 6 Hf

OAM YRI5 I 5 B A= 8L
MRV LG AR

! 230027

2 230027

HE. SR T ANEASDS(OAMRGIEIES § b Z AR, £ELBE T P10 KT MEEH(DMD)” A
OAM KK, HMIEBAHEA 0~50 m, AEFEMHALA =X RAELG SN B E 69 OAM KR K5, FIHF
T REAEHIES T OAM bR 6B & T AR, HiBiE T # R A5 T 442t OAM St RAB A 45 b 6 Bvf . FEHEIL
AL — A3 Sagnac T 5 Bt 4 e OAM B R 69 S MAR X AT B AR, RIAT A T R FIJE B T 452049 OAM
KRBT AR GIEL LSRRG TS BT, LR B3R 7 EARMEBGR G X AmARS), FRR TR
BB OAM R RAEX AN Hoh. KL RAW, ERAKI T, OAM KRB FTEM KM X LLE S
AP E,

KA kSE A E; Ad TS RFMEBM; Sagnac TR

hESES: TB872 YRR : A

IR Bk, Aok, OAM R RAFES b F A MmiF ey R R[] La T4, 2019, 46(6): 180386

Experimental study on short-distance free-space
transmission characteristics of OAM beam

Xi Ruil2, Zhu Bing1.2*

'Department of Electronic Engineering and Information Science, University of Science and Technology of China, Hefei, Anhui
230027, China;
*Key Laboratory of Electromagnetic Space Information, Chinese Academy of Sciences, Hefei, Anhui 230027, China

Abstract: The short-distance free-space transmission characteristics of the optical orbital angular momentum (OAM)
beam were experimentally studied. The transmission distance is 0~50 m indoors. A digital micromirror device (DMD)
was used in the experimental setup to generate the OAM beam. At the receiver, a spatial beam analyzer was used to
measure the intensity pattern of the OAM beam. The beam broadening effect of the OAM beam at different trans-
mission distances was studied. The phase pattern of the OAM beam was studied by the interferometric method. At
the receiver, a single path Sagnac interferometer (SPSI) was used to separate and detect the intensity of modes of
the OAM beam. The effects of energy migration from the sending mode to the sideband modes of the OAM beam
were studied. A heater was used to generate the strong turbulence to simulate the influence to the OAM beam mode
transmission characteristics. The experimental results show that the OAM beam with large mode topological charge

WisHHA: 2018-07-17; WRiEMFmHH: 2018-10-25

HEFA: (61377022)
EE RN (1992-) OAM E-mail: xirui@mail.ustc.edu.cn
BIEIEE:  (1964-)

E-mail: zbing@ustc.edu.cn

180386-1



DOI: 10.12086/0ee.2019.180386

has more deterioration of the mode purity after transmission in the strong turbulence.
Keywords: optical orbital angular momentum; free-space transmission; digital micromirror device; Sagnac interfe-
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Overview: Orbital angular momentum (OAM) of light as a degree of freedom provides an infinite number of ortho-
gonality states with different mode topological charges. The application of OAM mode multiplexing technology in free
space and fiber optical communication has become one of the most active research areas of communication. A huge
challenge for OAM beam free space optical communication system is the disturbance of atmospheric turbulence. The
effects include beam point jitter, intensity and phase fluctuation, damage beam pattern and crosstalk between OAM
modes. Mode purity of OAM beam is very important for free space OAM mode multiplexing optical communication
system. Therefore, it is significant to carry out experimental research on the actual free space transmission of OAM
beams.

The short-distance free-space transmission characteristics of the OAM beam were experimentally studied. The
transmission distance is 0~50 m indoors. The atmospheric environment is weak and stable. A digital micromirror de-
vice (DMD) was used to generate the OAM beam in the experimental setup. The DMD model is DLP4500 with micro-
mirror numbers of 912x1140. At the receiver, a spatial beam analyzer was used to measure the intensity pattern of the
OAM beam. The beam analyzer uses a 12-bit 1.4 megapixel CCD as the detector. The detection aperture size is 9.5 mm
and the pixel size is 6.45 umx6.45 pm. The beam broadening effect of the OAM beam at different transmission dis-
tances was studied. The measured data was compared with the theoretical results of the OAM beam propagation broa-
dening calculated by the Fresnel diffraction model, which verifies they are consistent in trend. The phase pattern of the
OAM beam was studied by the interferometric method. At the receiver, a single path Sagnac interferometer (SPSI) was
used to separate and detect the intensity of modes of the OAM beam. The SPSI has higher stability than the
Mach-Zehnder interferometer. The effects of energy coupling between the sending mode and the sideband modes of the
OAM beam were studied. An electric heater was used to generate the strong turbulence to simulate the influence to the
OAM beam mode transmission characteristics. The average pointing deviation was characterized turbulence strength
approximately.

The experimental results show that the longer transmission distance and stronger turbulence cause larger energy
coupling of the OAM beam from the sending mode to the sideband modes, and the OAM beam with larger mode topo-
logical charge has more deterioration of the mode purity after transmission in the strong turbulence. The results are
helpful for analyzing the bit error rate (BER) characteristics of the OAM mode multiplexed optical communication sys-
tem.

Citation: Xi R, Zhu B. Experimental study on short-distance free-space transmission characteristics of OAM beam[]J].
Opto-Electronic Engineering, 2019, 46(6): 180386
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