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K1 (a) "Rb JETH MTS B R K. (b) “Rb JEFRGT A AL
Fig. 1. (a) Schematic diagram of MTS locking of “Rb atoms. (b) Energy level diagram

of Rb atomic transitions.
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Fig.2. (a) Spectra signals of “Rb 5S,, (F=2) - 5P,,(F’ =3) MTS (solid line) and saturated
absorption spectroscopy (SAS, dashed line). (b) Slope of the error signal at
zero—crossing (obtained from linear fitting) for MTS under different modulation

frequencies and temperatures.
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Fig. 3. (a) Spectrum of beat note between MTS— stabilized 780 nm lasers. (b) Allan

deviation of beat note between two optical clocks.
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Fig.4. (a) Schematic diagram of the experimental setup for the absolute frequency

&

measurement of the 780 nm optical frequency standard based on a fiber femtosecond

optical frequency comb. (b) Schematic diagram of the experimental setup for portable

photogenerated microwave signal generation. Er.fiber, erbium—doped fiber; PPLN,
periodically poled lithium niobate crystal; H Maser, hydrogen maser; Local

Oscillator, local crystal oscillator; Counter, frequency counter.
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a resolution bandwidth (RBW) of 30 kHz. (b) Spectrum of the f, of the fiber optical
frequency comb, with an RBW of 30 kHz. (c) Phase noise curves of f, and f., after

locking. (d)Frequency stability of f., and f, referenced to the hydrogen maser
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Fig. 6. (a) Measurement result of the beat note signal (f,..f,..,) between the
"Rb atomic MTS frequency standard and the comb teeth of the fiber optical frequency
comb, with both f, and f,., of the optical frequency comb locked to a hydrogen maser.
foearo = 2.6953 MHz. (b) Allan deviation curve of the f,. signal.
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Abstract

This paper demonstrates the conversion of a “Rb atomic optical
frequency standard to a highly stable microwave frequency
standard using an integrated optical frequency comb. First, an
integrated *Rb atomic optical frequency standard was designed
and constructed. The frequency of a 780 nm laser was locked to
the 5S,,(F=2) - 5P,,(F’ =3) transition of “Rb atoms using
modulation transfer spectroscopy. The stabilized laser
achieved a frequency stability of 9.9X10" at 1 s and a
linewidth of approximately 37.1 kHz. On this basis, the

carrier—envelope offset frequency f., and repetition frequency
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f, of the integrated fiber optical frequency comb were
simultaneously referenced to a hydrogen maser, enabling
absolute frequency measurement of the "Rb 5S,,(F=2) - 5P,,(F’ =3)
transition. Furthermore, without relying on a hydrogen maser,
the optical frequency comb was locked based on the 87Rb atomic
optical frequency standard to generate a microwave signal,
thereby effectively transferring the optical frequency
stability to the microwave domain, with the generated microwave
stability consistent with that of the optical frequency
standard. At an averaging time of 10 s, the frequency stability
of the microwave signal reached 1.6X10". The short—term
stability is close to the level of commercial cesium fountain
clocks. The optically generated microwave device features a
simple structure and a high degree of integration, showing good
potential for transportable applications and providing
technical support for high—performance microwave frequency
references and portable atomic clock systems.

Keywords: Modulation transfer spectroscopy; Optical frequency comb; Optically

generated microwave; Optical frequency standard
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