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Fig. 1. (a) Fiber ring resonator and spectrum experiment device; (b) fiber tensile holder.
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Abstract

Optical resonators play an active role in fundamental research and applications in atomic fine spectra, laser
generation, precision measurements, and quantum information processing because of their high-resolution
spectra and strong optical field enhancement. The fiber ring resonators, as a derivative of the resonant
resonators, have the advantages of simple structure, small size, stable performance and easy integration. The
fiber ring resonators are widely used in fiber lasers, optical communication devices, optical fiber sensing, etc. In
this paper, we demonstrate the characteristics of a fiber ring resonator based on a tunable fiber beam splitter
experimentally. Control of under-coupling, critical coupling and over-coupling state of the fiber ring resonator
can be achieved by adjusting the splitting ratio of the tunable fiber beam splitter. The relationship between the
minimum resonator reflectance and resonator loss is given. The intrinsic decay rate of the fiber ring resonator is
ko=2m x (1.60 £ 0.03) MHz , and the quality factor is Q = (1.1040.02) x 10.8. The resonance frequency of the fiber
ring resonator is controlled by stretching the fiber. The fiber resonator is kept straight and fixed on a self-made
U-shaped holder by gluing two points. A piezoelectric transducer is used to change the distance between the
two glued points. The fiber ring resonator length is changed and controlled when the fiber is stretched. The
Pound-Drever-Hall technique is used to lock the resonator to resonance with the laser. The phase of the laser
beam is modulated by using an electro-optical modulator, and two sidebands of the laser frequency are
generated. Due to the phase sensitivity of the fiber resonator, the reflected light of the fiber resonator with an
intensity modulation is observed when the fiber ring resonator is locked. The intensity modulation is caused by
the interference between the resonance frequency and the sidebands of the fiber ring resonator. The reflected
spectrum of the fiber ring resonator carries the same-frequency modulation as the phase modulation. This is a
disadvantage for the usage of the fiber ring resonator. Thus, we reduce the phase modulation power to reduce
the intensity modulation of the resonator reflectance. The linear relationship between the phase modulation
power and the intensity modulation of the resonator reflectance caused by the phase modulation is obtained.
The fiber ring resonator can be locked when the phase modulation power decreases to -9 dBm. The fiber ring
resonator has laid a solid experimental foundation for experimental research on the interaction between the fiber

ring resonator and quantum emitters such as atoms and color centers in diamond.

Keywords: fiber ring resonator, critical coupling, Pound-Drever-Hall technique

PACS: 42.50.—p, 42.50.Pq, 42.60.Da, 42.60.Fc DOI: 10.7498 /aps.68.20182296
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