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Fig. 1. Schematic diagram of the experimental setup. ML,
master laser; SL, slave laser; Att, optical attenuator; PC,
polarization controller; DMZM, dual-drive Mach-Zehnder
modulator; S(t), control signal; CIR, optical circulator; OC,
optical coupler; SMF, single-mode fiber; PD, photodetector;

EC, electrical coupler.
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Fig. 2. Optical spectra and frequency tuning curve of the P1 oscillation state: (a) Optical spectra of the P1 oscillation state; (b) the

relationship between the microwave frequency f, and the bias voltage applied to DMZM.
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Fig. 3. Results of the generated LFM microwave signals (Control signals S(t) (the first row); temporal waveforms (the second row);

instantaneous frequencies (the third row)): (a) Without feedback; (b) single-loop feedback; (c¢) dual-loop feedback.
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Fig. 4. Electrical spectra of the generated LFM microwave signals (Electrical spectra (the first row); the zoomed-in views of the

electrical spectra (the second and third row)): (a) Without feedback; (b) single-loop feedback with 7, = 1.14 us; (c) dual-loop feed-

back with (7, 7q) = (1.14 ps, 25.08 ps).
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Fig. 5. Phase deviation of the generated LFM microwave signals: (a) Without feedback; (b) single-loop feedback; (¢) dual-loop feed-

back. Insets: the zoomed-in views of the phase deviation.
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Fig. 6. Results of the Ku-band LFM microwave signal: (a) Control signal S(t); (b) temporal waveform; (c) instantaneous frequency;

(d) electrical spectrum; (e) 5 MHz electrical spectrum; (f) 50 kHz electrical spectrum.
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Fig. 7. Results of the K-band LFM microwave signal: (a) Control signal S(¢); (b) electrical spectrum; (c¢) 5 MHz electrical spectrum;

(d) 50 kHz electrical spectrum.
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generation based on optically injected semiconductor
laser with dual-loop optoelectronic feedback”
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Abstract

Linear frequency-modulated (LFM) waveforms have numerous applications in high-resolution radar
detection, high-speed wireless communication, and high precision measurement. The generation of LFM
microwave signals based on conventional electronic technologies is limited in their center frequency and
bandwidth, which are usually less than a few gigahertz. Fortunately, the inherently large bandwidth offered by
photonic technology is very hopeful of breaking through the electronic bottleneck. A variety of photonics-based
approaches to generating the LFM waveforms have been reported, including the frequency-to-time mapping
method and the external modulation method. However, these solutions suffer poor tunability or expensive RF
sources. In recent years, the LFM waveform generation based on optically injected semiconductor lasers (OISLs)
has attracted increasing attention. By introducing a low-speed electrical signal to control the period-one (P1)
dynamics of an OISL, the LFM waveforms with a large bandwidth are generated. Nonetheless, the generated
microwave signal has poor spectral purity, which restricts its many practical applications.

In this work, a high-performance microwave LFM waveform generation scheme based on an OISL with
dual-loop optoelectronic feedback is proposed and demonstrated experimentally. In this scheme, the optical
injection strength of an OISL is controlled first by a triangular-like voltage signal to generate LFM waveforms
with a large bandwidth. Then, the quality of the generated LFM signal is comprehensively improved by
introducing a delay-matched dual-loop optoelectronic feedback structure. Based on the Fourier domain mode
locking principle (FDML) and the self-injection locking technique, both a short-delay optoelectronic feedback
loop and a long-delay optoelectronic feedback loop are introduced to simultaneously improve the spectral purity
and phase stability of the generated LFM signals. In the proof-of-concept experiment, by analyzing the spectral
quality and phase deviation of the generated LFM signal, a comb contrast of 40 dB, a comb linewidth of 1 kHz,
and a phase deviation Ay of less than mn/3 are simultaneously obtained. In addition, the parameters such as
bandwidth and center frequency of the generated LFM signal generated can be flexibly tuned, and an LFM
signal with a large bandwidth up to 8 GHz (1826 GHz) is generated in the experiment. The proposed scheme
features a simple and compact structure, high spectral quality and flexible tuning, thus may find applications in
broadband radar and high-speed communication systems.

Keywords: semiconductor lasers, optical injection, linear frequency-modulated signals, optoelectronic
feedback
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