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Abstract According to the basic principle of laser communication and common aperture technology, the parameters
of the optical system of common aperture free space laser communication are analyzed, and an off-axis common
aperture laser communication optical system is designed. With an off-axis two-mirror structure, the optical antenna
of the system has an effective aperture of 160 mm and the beam compression ratio is 10:1. Tracking and pointing
system adopts non-focus telescope structure. The maximum tracking field of view is £ 1 mrad, and the best
tracking accuracy is 2 prad. Based on Zemax software, the ray tracing and performance analysis are given. The
results show that the wavefront error of the system is better than 0.1A (1=632.8 nm), so the performance of the
system is excellent. The system is of the compact structure, the reasonable tolerance and the simple assembly. The
system can meet the needs of practical application and has certain engineering significance for the realization of
medium earth orbit (MEQ) free space laser communication.
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Table 1

Design parameters of transmitting system

Transmitting system of signal light

Transmitting system of beacon light

Wavelength /  Object Divergence / Effective Wavelength / Obi NA Divergence / Effective
ject
nm NA mrad aperture /mm nm mrad aperture /mm
1550 0.28 41 (40.06") 16 808 0.31 41 (£0.06°) 16
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Table 2 Design parameters of optical antenna

Effective aperture /mm

Reduction ratio

Divergence for full-field /mrad

160 10:

2 (0.12%

®3 RS LERRERITSH

Table 3 Design parameters of signal light receiving system

Wavelength /nm Field of view /mrad

Imaging NA Effective aperture /mm

1550 +1 (£0.06%

0.28 16

F4 FIROLERW RGBT S8

Table 4 Design parameters of beacon light receiving system

Size of entrance Tracking
Wavelength /nm

pupil /mm accuracy /prad

Field of view

Reduction ratio Coarse Fine

tracking /mrad tracking /mrad

808 16 2

10:1 +1 (4+0.06%) +0.1 (£0.006%)
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Fig. 2 Performance analysis diagram of common aperture system. (a) Spot radius; (b) diagram of MTF curve;

(c¢) diagram of wavefront aberration
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Fig. 3 Diagram of signal light transmitting optical structure and performance analysis.

(a) 1550 nm transmitting system; (b) spot radius; (c) diagram of wavefront aberration
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Fig. 7 Diagram of bacon light receiving system
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Table 5

et RN 2=

Optical antenna tolerance analysis

Displacement Primary mirror Secondary mirror
Decenter X /mm 0.025 0.025
Decenter Y /mm 0.025 0.025
Decenter Z /mm 0.025 0.025
Tilted X /(" 20 60
Tilted Y /(") 20 60
Tilted Z /(") 20 60
%6 RUEKL
Table 6 Transmitting system tolerance analysis
Displacement STO Surface 2 Surface 3 Surface 4 Surface 5 Surface 6
Thickness /mm 0.05 0.05 0.05 0.05 0.05 0.05
Decenter /mm 0.01 0.01 0.01 0.01 0.01 0.01
Tilted / (" 40 40 40 40 40 40
BRI G 2 R
Table 7 Signal light receiving system tolerance analysis
Displacement STO Surface 2 Surface 3 Surface 4 Surface 5 Surface 6
Thickness /mm 0.05 0.05 0.05 0.05 0.05 0.05
Decenter /mm 0.02 0.02 0.02 0.02 0.02 0.02
Tilted /(" 40 40 40 40 40 40
*£8 MM RFAZEISME
Table 8 Tracking and pointing system tolerance analysis
Displacement STO Surface 2 Surface 3 Surface 4 Surface 5 Surface 6 Surface 7 Surface 8
Thickness /mm 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02
Decenter /mm 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02
Tilted /(" 40 40 40 40 40 40 40 40
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