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We demonstrate a simple algorithm for adjustment of double resonance in a ring fiber 
Brillouin cavity. The perfect Brillouin cavity is resonant for pump and Stokes waves, 
simultaneously. The demonstrated approach is equally useful for design of single-mode 
fiber lasers with ultra-narrow optical spectra, Q-switched Brillouin fiber lasers and 
Brillouin random lasers. In our experiment the ring cavity with the length of 8 m has 
been adjusted for double resonance by the proposed method. 

Introduction 
The Stimulated Brillouin Scattering (SBS) is one of the most dominant nonlinear effects 
in optical fibers and fiber cavities. It is widely used for narrow-band lasing in fiber 
configurations, including random lasing [1].  

 

 
 

Fig.1. The experimental setup. 
In particular, nonlinear ring SBS mirrors based on a single-mode fiber are the simplest, 
completely passive and rather universal way to organize gigantic pulse generation in a 
fiber laser operating at any wavelength. Various configurations of Brillouin lasers have 
been reported, offering a large variety in performance characteristics [1-7]. In spite of 
their extremely high efficiency for the pulse production (a typical peak/average power 
contrast is 105) the application of pulsed Brillouin lasers is limited due to their low 
pulse-to-pulse stability. The instabilities are caused, in particular, by random nature of 
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Rayleigh backscattering and lack of perfect resonances for Rayleigh scattered and 
Brillouin Stokes waves to the ring cavity. A perfect adjustment of the cavity for double 
resonance behavior could help to solve this problem. 

On other hand, Brillouin fiber lasers with so called doubly-resonant cavity have been 
recently reported [8-11]. These lasers generates ultra-narrowband single-mode radiation 
and demonstrate low threshold, high spectral purity and low intensity noise. They are 
promising for a variety of applications, such as coherent optical communication, 
interferometric sensing, coherent radar detection, and microwave photonics. In these 
lasers the radiation is generated with a short ring cavity, which is simultaneously 
resonant for pump and Stokes waves.  
In this paper, we proposed a simple method allowing adjustment of double resonance in 
the ring Brillouin fiber cavity of any length and for any operating wavelength. 

Experimental setup and results  
The experimental setup is shown in Fig. 1. The fiber ring cavity is pumped by a tunable 
laser Agilent 81940A with 100 kHz linewidth operating in wavelength sweeping mode. 
The pump power passed the optical circulator OC and the polarization controller PC1 is 
introduced into the ring cavity through 90/10 coupler C1. An all-fiber spliced ring 
cavity with the total length of ~ 8 mL  is spliced from standard telecommunication 
SMF-28 fiber. The polarization controller PC2 is used to adjust the state of polarization 
inside the cavity. The transmitted and back reflected powers are detected with fast 
(~1 GHz) photodiodes, a digital oscilloscope and an optical spectrum analyzer. 
 The principle of operation is as the following. The length of the fiber ring cavity L 
defines a free spectral range (FSR) of the ring cavity: 

                                                          cFSR
nL

= ,                                              (1) 

where c is speed of the light in the vacuum, and  n  is the refractive index of the SMF-28 
fiber accounted here as n~1.468 at 1550 nm [12]. 

When the pump laser frequency Lν  is in resonance with the Brillouin laser cavity, 
drastic increase of the pump power circulating inside the cavity in counter-clockwise 
direction occurs with maximum coupling of the power. The generation of the Brillouin 
Stokes wave is possible in clockwise direction at the frequency Sν  downshifted in 
respect to pump frequency Lν  by the Brillouin frequency shift SBSνΔ : S L SBSν ν ν= −Δ . 
Generation of the Stokes Brillouin wave is most efficient when it is also in resonance 
with the cavity mode. To get this resonance at Sν  the Brillouin shift SBSνΔ  should be 
equal to any integer number of FSR: 

                                                          SBS m FSRνΔ = ⋅ ,                                            (2) 

where m  is arbitrary integer. At this condition the Brillouin threshold in the cavity is 
minimal. 

The Brillouin shift SBSνΔ  depends on the pump frequency Lν  and, hence, on the pump 
wavelength Lλ  as: 
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where 5800AV m s=  is the velocity of acoustic wave in the fiber [13]. Therefore, 
tuning of the pump wavelength Lλ  is followed by tuning of the Brillouin shift SBSνΔ .   

 
Fig.2. Stokes power at port A versus pump wavelength. 

     

	  	  	  	    
Fig.3 Optical spectra above Brillouin threshold at port A (a) 

 

Fig. 2 shows the Stokes power recorded at port A of 8-m length cavity, when the pump 
laser wavelength is swept from 1547 to 1558 nm. Strong resonance peaks are observed 
at the pump wavelengths highlighting perfect resonance conditions for the Brillouin 
wave generated in the ring. From Eqs.1-3 we can indentify the integer number m . In 
particular, the first shown peak at 1 1550.5L nmλ =  corresponds to 426SBS FSRνΔ = , the 
second one at 2 1554L nmλ =  to 425SBS FSRνΔ = .  
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It is important that with these initial scanning data shown in Fig. 2 we can adjust the 
cavity to operate in double resonance at any selected wavelength 0Lλ . Indeed, from the 
measured peak spacing 2 1L Lλ λ−  (see, Fig. 2) we can recalculate through Eqs. 1-3 a 
number of discrete fiber lengths { }LΔ  (relating to different orders m ) that should be cut 
out from the fiber cavity to provide adjustment of the resonance. In particular, without 
changing the order we can define LΔ  to decrease the resonance wavelength from 2Lλ  to 

0Lλ  as: 

02

2 1 2

1 1 LL

SBS L L L

cL
n

λλ
ν λ λ λ

⎛ ⎞⎛ ⎞
Δ = − −⎜ ⎟⎜ ⎟Δ −⎝ ⎠⎝ ⎠

,                                            (4) 

 
For an example, one can check that adjustment of the original cavity resonant at 

2 1554L nmλ =  for resonance at 0 1552.4L nmλ = , i.e. at the wavelength between the two 
resonances shown in Fig.2 requires reduction of the ring length by ~8.5 mm. Fig. 3 
presents the optical spectra of Brillouin radiation at port A recorded at 0 ~1552.4L nmλ  
after such cavity adjustment. The resonance Brillouin threshold is ~5 mW.                       
                                                                       
Conclusion 
 
Simple and efficient algorithm for getting doubly-resonant conditions in the Brillouin 
fiber cavity is demonstrated. Adapted fiber laser cavity is simultaneously resonant for 
the pump and Stokes radiations. In our experiment the ring cavity with the length of 8 m 
has been adjusted for double resonance by the proposed method. 
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