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Fig. 1. Structure diagram and schematic of ultra-

stable photonic microwave source.
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Fig. 3. Structure and thermal deformation simulation

of silica mirror with ULE ring [43].
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Fig. 7. EOM with ultra-low residual amplitude modulation: (a) schematic of electro-optic modulator; (b) picture

of EOM; (c) experimental result (64,
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Fig. 15. Principle of detecting the fceo signal (a) and diagram of experimental device (b), (c),
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Fig. 19. photovoltaic conversion signal under different optical powers: (a) Measurement setup; (b), (c) (d) test result (116],
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Fig. 21. Scheme of the fiber-based cascaded MZI, where 7q4is the period of the desired frequency signal, and k1, k2, and k;

are integers, k1—k; shoud be properly chosen for no pulse overlapping happen (118],
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Fig. 22. The improvement in 10-GHz power output from the photodiode for different FP and MZI configurations
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Fig. 23. Phase noise prediction and measurement of a photonically generated 10 GHz signal: (a) Theoretical result;

(b) experimental result [124],
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Fig. 24. Power spectral density of the phase noise on the

10 GHz signal from hybrid photonic-microwave oscillator (125],
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Fig. 25. Experimental set-up for low-noise microwave generation and characterization (a), and additive phase-noise contri-

bution of the frequency division scheme (b) 121,
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Table 1. Key components for ultra-stable photonic microwave generation at state-of-the-art.
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Table 2. Ultra stable photonic micro/RF frequency generator based on optical cavity.
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SPECIAL TOPIC — Physics in precise measurements
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Abstract

With the progress of science and technology and the continuous improvement of the precision measurement appli-
cation technology, the technical requirements for the stability and noise level of the ultra-stable microwave source are
increasing. Its application range becomes more and more wide, including high performance frequency standard research,
network radar development, deep space navigation system, etc. Up to now, the photonic microwave generators based on
ultra-stable laser and femtosecond light comb are believed to be the highest microwave frequency source with the highest
frequency stability and the relative frequency stability 10 ¢ in 1 s. This device is also the basis of the application
for the next frequency standard (optical frequency standard). Whether the generation of time or most of the precision
measurements, the output laser of the optical frequency standard should be transformed into a super stable baseband
frequency signal. In this paper, we first introduce the development, current situation and application requirements of
ultra-stable photonic microwave source, then we present the principle and structure of the ultra-stable photonic mi-
crowave source and the technical development of its components based on the first set of domestic-made ultra-stable
microwave frequency sources developed by the National Time Service Center. For the ultra-stable laser, we mainly focus
on the research and development of the ultra-stable cavity design, the Pound-Drever-Hall frequency locking technology,
and the residual amplitude noise effect rejection. For the optical frequency combs, we mainly focus on the development
of laser mode-locking and frequency control technology based on erbium-doped fiber combing system. For the low noise
photonic-to-microwave detection and low noise synthesizer techniques, the noise effect rejection of wideband photoelec-
tric detection and the microwave phase noise induced by the amplitude noise of the laser are emphatically introduced.

Finally, we summarize and prospect the photonic ultra-stable microwave generation technique.
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