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Design of off-axis optical antenna for space optical communications
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Abstract: Space optical communications terminals frequently rely on optical telescopes to enhance the
transmitted and received efficiency of the communication system. An optical design of a space laser
communications optical antenna system was proposed to overcome the traditional on-axis Cassegrain
optical antenna’s disadvantages of small field of view and low emission efficiency. As an example, an
optical antenna system operating at 0.85 pwm, 1.064 pm and 1.55 pm with aperture size 150 mm,
magnification 15 was designed. The initial parameters were computed, and the ray tracing and
optimization for the optical antenna system were performed with ZEMAX —EE software. The analysis
results demonstrate that the Root Mean square (RMS) of a spot radius is less than 10 prad in the
working wavelength(0.85 pwm, 1.064 pm, 1.55 wm), which implements astigmatism correction and obtains
a good diffraction-limited quality in a wide spectral region and a high magnification. These results prove
the feasibility of the optical design method proposed.
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Tab.1 Specification of optical antenna system

Parameter Requirement
Clear aperture/mm 150
Field/(°) >1x1
Magnification 15

Operating wavelength/pm 0.8,1.064,1.55

Aberration/RMS 20
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Fig.1 Layout of off-axis optical antenna system
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Tab.2 Parameters of off-axis optical antenna system

Identification Radius CcC Thickness
Aperture stop Infinity NA 740
Primary mirror —1738.228 -1 -730
Secondary mirror -360.619 -2.530 593.193
Third mirror Infinity 0 -260
Fourth mirror 500.00 -1 330
Exit stop Infinity NA 0
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Fig.2 Layout of R—C optical antenna system
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Tab.3 Parameters of R—C optical antenna system

Identification Radius CcC Material ~ Thickness
Aperture stop Infinity NA - 244
Primary mirror —600.000 -1 Mirror -245
Secondary mirror  —148.750 -2.841 Mirror 189.995
Surface 1 62.589 0 N-SF6 4.85
Surface 2 —1874.562 0 - 16.506
Surface 3 -8.803 0 BK7 25.590
Surface 4 -18.010 0 - 69.839
Surface 5 58.975 0 BK7 8
Surface 6 —-40.553 0 N-SF6 6.335
Surface 7 -114.859 0 - 85
Exit stop Infinity NA - 0
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