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Fig. 1. Principle of radio frequency comb generation.
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Fig. 2. Principle of massively parallel high-speed optical communication system based on mode-locked optical frequency comb:

(a) Photonic microwave signal modulation; (b) optical coherent reception; (c) massively parallel data transmission based on optical

frequency comb; (d) carrier light source extraction.
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Fig. 3. RF signal generated by the self-beat of optical frequency comb: (a) Time domain waveform of RF comb; (b) time domain

waveform after narrowband filtered.
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Fig. 4. Process of the generation of 16 QAM microwave photonic signal: (a) Time-domain of encoded signal; (b) frequency-domain
of encoded signal and the results after band-pass filtering; (c¢) waveform of 2 Gbit/s 16 QAM signal; (d) waveform of 12 Gbit/s
16 QAM signal; (e) constellation diagram of 2 Gbit/s 16 QAM; (f) constellation diagram of 12 Gbit/s 16 QAM.
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Fig. 5. Free space optical communication experiment: (a) Experimental installation. OSA, optical spectrum analyzer; OSC, oscillo-
scope; BPD, balance photodetector; OH, optical hybrid; AWG, arbitrary waveform generator; TBPF, tunable bandpass filter; DC,
direct current; IQM, in-phase/quadrature modulator; EDFA, erbium doped fiber amplifier; IM, intensity modulator; PM, phase

modulator; PD, photodetector; Amp, amplifier; Tx., transmitter; Rx., receiver. (b) experimental scenario.
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Abstract

With the rapid development of emerging technologies such as multimedia services, live broadcasting, video
conferencing, and high-definition television, traditional radio frequency communication is unable to meet people
's growing demand for communication capacity and transmission rate. In recent years, optical communication
has received extensive attention from the industrial and scientific communities due to its advantages of large
bandwidth, high speed, low power consumption, light weight, and strong anti-interference ability. As an
emerging light source, the optical frequency comb (OFC) has a wide spectral range, multi-wavelength, high
stability, and good phase coherence, providing a new idea for studying microwave signals with simple system
structure, strong tunability and high frequency stability. At the same time, the multi-optical mode
characteristics of OFC are compatible with the current communication system based on wavelength division
multiplexing technology. Hundreds of laser arrays in a traditional communication system can be replaced by
only one laser, which greatly reduces the power consumption of the system.

Combining the above advantages, in this paper, a large-scale parallel high-speed optical communication
system based on mode-locked OFC is proposed. The linewidth of the OFC locked to the rubidium atomic clock
can reach 1 Hz, which is sufficient to support the transmission of high-order modulation signals. The electro-
optic modulators are used to adjust the amplitude and phase of each optical mode of the mode-locked OFC and
self-coherently map to the RF domain. The high-speed high-order modulation signal with coded information is
obtained by frequency screening through a narrow-band filter. The communication capability of the microwave
photonic modulation signal in the 16 quadrature amplitude modulation (QAM) format is verified by simulation.
The 16QAM communication with the rate of 2, 6, and 14 Gbit/s is realized by using the photonic microwave
signal on the 100 m space optical link, and the bit error rate (BER) is less than 10%. The proposed large-scale
parallel optical communication system based on mode-locked OFC can achieve high-speed information
transmission with a compact system structure, which is suitable for inter-satellite communication, emergency

communication, military communication and other fields.

Keywords: mode-locked optical frequency comb, microwave photonics, spatial optical communication,

quadrature amplitude modulation
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