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Abstract Based on the form of the microlens array, a new type of large-field laser communication receiving optical
system is designed, and a 3 X 3 optical matrix model that completely describes the light transmission in the
microlens array is proposed. The influences of the tilt angle and lateral shift of each optical element on the image
plane height and exit angle are discussed. According to the design requirements of the microlens array optical
system, reasonable tolerance ranges of the tilt angle and lateral shift are proposed. Based on the discussion of the
aberration of the integral lens optical system, the combining of the optical design and the optical simulation can be
used to realize the design of a large field of view laser communication optical system. The correctness of the 3D
optical matrix model is also verified. Through the prototype development, uniform light test, and field of view test,
a new type of laser communication receiving optical system with field of view of 0.9° and uniformity of 86.58% is
finally realized. The results show that the experimental test data is consistent with the theoretical simulation data.
The feasibility and superiority of the application of the microlens array optical system in a laser communication
system are further proved by the discussion and analysis on the laser communication link, which provides a new idea
and new direction for the design and development of laser communication receiving optical systems.
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Fig. 1 Schematic diagram of homogenization of light by microlens array
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Table 1 Initial structural parameters of optical system

Parameter Value

Incident angle 20,/(%) 0.9
System aperture D /mm 10
Microlens sub-aperture p /mm 0.55
Microlens focal length f /mm 35
Integrating focal length f;/mm 19
Distance 1 d,/mm 35
Distance 2 d,/mm 3
Distance 3 d,/mm 19

Exit angle 6, /(°) 1.98

Image height y,/mm 0.314
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Fig. 2 Deviation values of image height and exit angle

under different tilt angle and lateral shift. (a) Image

height deviation; (b) exit angle deviation
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Fig. 3 Optical path design of integration lens
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Fig. 6 Simulation diagrams of energy distribution of image spot. (a) Energy distribution of receiving image;

(b) intensity distribution in x direction; (c) intensity distribution in y direction
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Table 2 Link energy calculation data

Parameter Value
Wavelength A /nm 1550
Range distance L. /m 1000
Data rate R /(Gbit = s ') 2.5
Receiver aperture D,/mm 10
Detector diameter D,/pm 75
Square spot length D,/pm 317
Transmitter diameter D, /mm 20
Beam divergence angle  /prad 400
Laser power P;/mW 200
Receiver loss z,/dB —1.55
Transmitter loss 7,/dB —0.97
Detector adaptation loss z,,/dB —2.15
Space loss r./dB —32.46
Clear air transmission loss 7,/(dB+ km ") —0.5
Atmosphere turbulence margin 7 .,,/dB —11
Detector sensitivity Rg/dBm —30
Link margin L /dB 4. 37
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AR Il i Oy HE— 2P BiE 1 R T = 4 T 75 5
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