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Fig. 1. Schematic diagram of photonic microwave signal generation based on the parallel polarized optically

injected 1550 nm-VCSEL. TSL, tunable semiconductor laser; PC, polarization controller; PM, power meter;

FC, fiber coupler; CIR, circulator; VA, variable attenuator; ESA, electrical spectrum analyzer; OSA, optical

spectrum analyzer.
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Fig. 2. (color online) P-I curve of free-running
1550 nm-VCSEL, where the dashed line and solid line
represent X-PC and Y-PC, respectively.
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Fig. 3. (color online) For y = 1.8 (left column) and p = 1.96 (right column), optical spectra of 1550 nm-

VCSEL under free-running (the first row), optical spectra of 1550 nm-VCSEL under parallel polarized optical

injection (the second row) and corresponding power spectra (the third row).
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Fig. 4. (color online) Experimentally measured optical spectra of free-running 1550 nm-VCSEL (the first row), optical
spectra of the parallel polarized optically injected VCSEL (the second row) and corresponding power spectra (the third
row), where left and right columns are for I = 7.7 mA and I = 9.5 mA, respectively. The resolution bandwidth of the

electrical spectrum analyzer is set as 100 kHz.
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Fig. 5. (color online) Experimentally measured power spectra of parallel polarized optically injected 1550 nm-VCSEL
under double optical feedback. (al) and (bl) are the power spectra within 0-50 GHz; (a2) and (b2) are the detailed
distribution. Left and right columns are for I = 7.7 mA and I= 9.5 mA, respectively. The resolution bandwidth of the

electrical spectrum analyzer is set as 100 kHz.
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Abstract

Photonic microwave generation has attracted much attention in recent years due to its potential applications in
various fields such as radio-over-fiber communication, signal processing and radar systems. So far, different photonic
microwave generation schemes have been proposed and investigated, such as the optical heterodyne method based on
the beat of two independent lasers with a certain wavelength difference, the external modulation method based on
electro-optical modulator, the dual-mode beat method based on the monolithic dual-mode semiconductor lasers, and
the optoelectronic microwave oscillator method based on optoelectronic feedback loops. These schemes have their own
advantages and deficiencies. Unlike the above schemes, in this paper we propose an all optical scheme for generating
high-quality microwave based on a 1550 nm vertical-cavity surface-emitting laser (1550 nm-VCSEL). For such a scheme,
high frequency microwave can be obtained based on a 1550 nm-VCSEL subjected to external optical injection, where the
polarization of the injected light is the same as that of the dominant mode of the free-running 1550 nm-VCSEL (named
parallel-polarized optical injection) and its wavelength is adjusted to being close to the wavelength of the suppressed
polarization mode of the free-running 1550 nm-VCSEL. With the aid of double optical feedback, the linewidth of the
obtained microwave can be narrowed. In this work, firstly, the feasibility of microwave generation based on parallel-
polarized optically injected 1550 nm-VCSEL is analyzed theoretically by using the spin-flip model. Next, a corresponding
experimental system is constructed, and the performance of microwave generation is preliminarily investigated experi-
mentally. The experimental results show that 30 GHz microwave signals could be obtained based on a parallel-polarized,
optically injected 1550 nm-VCSEL under suitable injection parameters, but the linewidth of microwave signal is relatively
wide (hundreds of MHz). Finally, after introducing double optical feedback, the linewidth of microwave signal can be
reduced by more than two orders of magnitude and narrowed to less than 1 MHz, meanwhile the signal-noise ratio is
larger than 40 dB. This work is helpful to develop relevant techniques to acquire high-performance narrow linewidth

photonic microwave.

Keywords: vertical-cavity surface-emitting laser, parallel-polarized optically injection, photonic mi-

crowave, double optical feedback
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