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Abstract: Microwave photonics is an interdisciplinary subject of microwave engineering and photonics
technology. It is a fused microwave and optical system that studies the interaction between optical and microwave
signals in the medium and the generation, processing, transmission, and receiving of microwave signals in the
optical domain. Integration is an inevitable trend of microwave photonics since the performances of current
discrete devices-based microwave photonic systems are poor in terms of size, power consumption, stability and
cost. The main scientific and technical issues of integrated microwave photonics were discussed, its development
status and frontier research progresses were summarized, and an outlook of its future prospects was given.
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Fig.1 Semiconductor laser with high power and low noise. (a)-(c) are
the semiconductor laser made by Emcore!"™ in the U.S.A., Apic™”
in the U.S.A. and Z K. Litecore? in China, respectively
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Fig.2 Electro-optic modulator with broad bandwidth and low half-wave voltage. (a) Traditional lithium niobate modulator®; (b) Thin-film lithium

niobate modulator™™; (¢) Plasmonic modulator'*"); (d) InP and silicon modulator with high linearity
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Fig.3 Photodetector with high saturation power. (a) Product of photodetector by II-VI Incorporated?”; (b) Chip of InP photodetector; (c) Chip of InP

on SOI photodetector™; (d) Chip of Ge on SOI photodetector™”!
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Fig.4 Beamformer chips based on path selection to switch different
delays. (a) Silicon nitride 5-bit delay chip with 4 channels®');
(b) Silicon dioxide 5.5-bit delay chip with 8 channels®;

(c) Silicon 5-bit beam control chip with 8 channels™™!
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Fig.5 Beamformer chips based on dispersion tuning of microring resonators. (a) Silicon nitride multi-wavelength tunable delay

chip®; (b) Silicon nitride tunable delay chip with 4 channels”®; (c) Silicon beam control chip with 4 channels™®!
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Fig.6 Integrated microwave photonic filters. (a) Microwave photonic filter based on silicon nitride microring resonator™”; (b) Mi-

crowave photonic filter based on SBS effect’®; (¢) Microwave photonic filter based on cascaded silicon nitride microring resonators”®”; (d) SOI

integrated microwave photonic filter'”; (€) Monolithically integrated InP microwave photonic filter!*!!
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Fig.7 Integrated microwave photonic signal generation chips. (a) InP monolithically integrated microwave photonic oscillator chip!“”; (b) SOI integrated

microwave photonic oscillator chip™”; (c) SOI integrated arbitrary microwave waveform generation chip*; (d) SOI integrated chip for the

generation of linearly chirped microwave signals*”’

224 BOEXTERGH

B UG G A8 AR SE o e b O H R RS B
PeA55 L/ R AR, A AL e i+ B R 4, B
A I Al 98 R L 2 B G R BT R T R AL
2016 4F, 3¢ [ FRA R4 380 50 M 0 BT InP P 55,
1 DFB P IR BEOL R L MG 28 L B2tk A 0 98
i G HLAR I g 9 1 4% B R SRR, A T AN & 8(a) B

7 1Y B O ' AR AR B, ST 200 MHz~
4 GHz ¥ {5 % & 20 MHz (9 F 25 451, SFDR 2 )y
112 dB-Hz*?; 2020 4, 3¢ [ A A .3 T K %2 2 T SOl
£, BT AT - 5 A o 25 R0 0 2 R
R, 45 7 W 8(b) Bz 1 4 UL O T AR AL
RSB T A SE Ok 11.2 GHz WY RLIE 6 7 T 28 4,
SFDR %4 92 dB-Hz™*,

20211048-8



i E ok A2

www.irla.cn

23

% 50 %

P8 A MOL A HUE o (a) InP 5y 4 UGG T A8 A
J0% (b) SOI & UM G T8 17

Fig.8 Integrated microwave photonic frequency conversion chips.
(a) InP monolithically integrated microwave photonic frequency
conversion chip*; (b) SOI integrated microwave photonic

frequency conversion chip*”!
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Fig.10 Programmable microwave photonic signal processing chips.

(a) Programmable microwave photonic integrated signal
processing chip based on tunable MZI units®?; (b) Pro-
grammable microwave photonic integrated signal processing

chip based on tunable microdisks'™!
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