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A Study on the Direct Detection Optical Receiver for Optical
Inter-Satellite Link Over LEO
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ABSTRACT

There is a growing interest in providing telecommunication services to the world through an low earth orbit
(LEO) satellite network. In order to exchange data between nodes in an LEO satellite network, laser
communication technology is required. Since the inter-satellite laser communication link has a very long
transmission distance, the reception sensitivity of the optical receiver is important for link connection. In this
paper, we propose an optical receiver structure suitable for implementing LEO inter-satellite laser
communication links. Considering the characteristics of the LEO inter-satellite laser link system, the link budget
is calculated and the required reception sensitivity is derived. We evaluate the performance of an avalanche
photodiode (APD) based optical receiver and an optically pre-amplified receiver to satisfy the derived reception
sensitivity, and confirm their applicability to low-orbit inter-satellite links by analyzing the maximum

transmission distance.
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Table 1. Link budget for OISL

Item Unit Value
TX power dBm 30.0
TX antenna gain dB 106.1
TX optics loss dB -6.0
TX pointing loss dB -1.5
Space loss dB -264.2
RX antenna gain dB 106.1
RX optics loss dB -6.0
RX tracking loss dB -1.5
Implementation loss dB -6.0
RX power dBm -42.9
Link margin dB 3.0
Required receiver sensitivity dBm -45.9
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Fig. 2. Configuration of the proposed optical transceiver
for OISL. (a) OOK optical transmitter (b) APD based
optical receiver (C) Optical pre-amplified receiver
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