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Fig. 1. Schematic diagram of the optical phase-locked loop
(OPLL) system. ML, master laser; SL, slave laser; PD,
high-speed photodiode; Mix, mixer; RF, RF reference.
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Fig. 2. Diagram in frequency domain for the system of OPLL.
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Fig. 3. Schematic diagram of the experimental system. 1560 nm FL1

, fiber laser; 1560 nm FL2, fibered laser; 780 nm DL1 and 780
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Abstract

The technology of generating Raman laser is not only an important research content in the field of
quantum precision measurement, but also a core technology of quantum inertial sensors such as cold atom
gravimeter, gyroscope. For 8Rb atoms, two 780-nm lasers with a frequency difference of 6.834 GHz and a stable
phase are needed to generate Raman light. Raman lasers can be generated by optical phase-locked loops of two
780-nm narrow linewidth external cavity tunable semiconductor lasers (ECDL). But the system thus developed
is complicated in structure and very poor in environmental adaptability. The other method to generate Raman
laser is based on intracavity 1560-nm laser with frequency doubling and electro-optic modulation technology.
This system is simple in structure and strong in environmental adaptability, but it will introduce sideband
effects and cannot achieve phase lock due to the limit by the linewidth and feedback bandwidth performance of
the laser. In view of this, based on two new 1560-nm external cavity lasers and a home-made phase-locked
circuit, in this paper the phase lock of the laser is achieved, and a Raman laser with low phase noise is obtained.
The phase noise of beat note signal is as low as —95 dBc/Hz at the Fourier frequency in a range from 1 kHz to
10 kHz. A comparison of this system with the phase-locked performance of the 780-nm dual laser and the
hybrid dual laser shows that this scheme has a slight advantage. In addition, the effect of the phase-locking
performance on the phase noise of the cold atom interferometer through the method of piecewise integration is
analyzed in this work. The experimental results given in this work provide a scheme for developing a

miniaturized Raman optical system suitable for external fields.
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PACS: 03.75.Dg, 67.85.—d, 42.55.Ye DOI: 10.7498 /aps.70.20210432

* Project supported by the National Key R&D Program of China (Grant No. 2017YFC0601602), the National Natural Science
Foundation of China (Grant Nos. 51905482, 61727821, 61875175, 11704334, 51905482), and the Program of China Aero
Geophysical Survey and Remote Sensing Center for Natural Resources (Grant No. DD20189831).

1 Corresponding author. E-mail: wubin@zjut.edu.cn

1 Corresponding author. E-mail: qlin@zjut.edu.cn

170303-8


http://doi.org/10.7498/aps.70.20210432
http://doi.org/10.7498/aps.70.20210432
mailto:wubin@zjut.edu.cn
mailto:wubin@zjut.edu.cn
mailto:qlin@zjut.edu.cn
mailto:qlin@zjut.edu.cn
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

