
Effective length of short Fabry-Perot cavity 
formed by uniform fiber Bragg gratings 

Yuri O. Barmenkov 
Centro de Investigaciones en Óptica, Loma del Bosque 115, Col. Lomas del Campestre, 37150, León, Gto, México 

yuri@cio.mx 

Dobryna Zalvidea, Salvador Torres-Peiró, Jose L. Cruz, and Miguel V. Andrés 
Departamento de Física Aplicada, Universidad de Valencia, Dr. Moliner 50, E46100 Burjassot (Valencia), Spain 

Abstract: In this paper, we describe the properties of Fabry-Perot fiber 
cavity formed by two fiber Bragg gratings in terms of the grating effective 
length. We show that the grating effective length is determined by the group 
delay of the grating, which depends on its diffraction efficiency and 
physical length. We present a simple analytical formula for calculation of 
the effective length of the uniform fiber Bragg grating and the frequency 
separation between consecutive resonances of a Fabry-Perot cavity. 
Experimental results on the cavity transmission spectra for different values 
of the gratings’ reflectivity support the presented theory. 
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___________________________________________________________________________ 

1. Introduction 
 
Single-frequency fiber lasers are promising light sources for applications in optical 
communications, sensors, spectroscopy and interferometry. Such lasers with fiber Bragg 
gratings (FBGs) as output couplers, or distributed Bragg reflector (DBR) lasers, are 
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potentially high-stable, low-noise and narrow-bandwidth devices [1-4] and have been 
extensively treated during the last decade. Recent results on rare-earth-doped photonic crystal 
fibers demonstrate new promising opportunities for this type of lasers [5]. DBR fiber lasers 
offer some important advantage, with respect to distributed feed-back lasers, as, for instance, 
possibility to utilize very high doped fibers inside the Fabry-Perot cavity or longer cavities. 
The output power achieved directly from DBR fiber lasers has been from hundreds of mW [2] 
to watts [4], which is limited by spatial hole burning [6] or/and short active fiber length inside 
the cavity.  

A short fiber cavity is characterized by a high spacing between the cavity modes and 
may support a single-frequency regime when the FBGs reflectors are selective enough. For 
reaching single-frequency lasing one needs to estimate the optimal cavity length, at which the 
output laser power is maximized and only one longitudinal mode is supported at the same 
time. Since the FBG reflector is distributed along its length, knowledge of the effective FBG’s 
length is needed for a proper estimate of the cavity length. In fact, one can use side-scattered 
light to measure the power distribution along FBGs [7], but this type of measurements does 
not provide a precise value for gratings’ effective length. 

In this paper we study the properties of a Fabry-Perot cavity in terms of FBG’s effective 
length. We demonstrate that mode-spacing increases at an increase of the grating’s reflectivity 
owing to the grating effective length shortening. We show that the effective length of FBG is 
determined by the group delay of light reflected from the grating and depends on its 
diffraction efficiency. It varies from a half of the physical grating length, when reflectivity is 
low, to zero, when reflectivity is high. We present a simple analytical formula for calculation 
of the effective length of the uniform fiber Bragg grating. Theoretical results are compared 
with an experimental study of transmission of a Fabry-Perot fiber cavity formed by two 
uniform FBGs. 

2. Effective length of uniform FBGs forming a Fabry-Perot fiber cavity  

Following to the calculations for a Fabry-Perot cavity (see, e.g., Ref. [8]), the power 
transmittance of the cavity with two FBGs is written in the form 
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where R1,2 are the reflection coefficients for the corresponding gratings, L0 is the length of 
fiber between FBGs (see Fig.1), β is the propagation constant of the fundamental mode LP01, 
and ϕ1,2 are the phases of the FBGs’ reflection coefficients.  
 

 
 
 
 
 
 

Fig. 1. Fabry-Perot fiber cavity formed by two FBGs (FBG1 and FBG2). L1,2 are the physical 
lengths of FBGs and L0 is the distance between them. 

 
 

The transmittance maxima corresponding to the Fabry-Perot resonances are observed 
when the argument of sinus in Eq. (1) is multiple by π. From this, taking into account 
dispersions of the fiber and FBGs [9,10], the free spectral range (mode-spacing) of the Fabry-
Perot cavity, Δλ, can be expressed as 
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where λ is the free-space wavelength, ng is the group refractive index for LP01 fiber mode, and 
the effective lengths of the FBGs, Leff1,2, are defined as  
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where vg = c/ng is the group velocity, τ1,2 = ∂ϕ1,2/∂ω are the group delays for corresponding 
FBGs, and ω is the angular optical frequency. Note that for conventional optical fibers ng ≈ 
neff, where neff is the effective refractive index (the difference between ng and neff is ∼ 1% for 
fused silica at 1.5 μm), thus vg in Eq. (3) can be replaced with the fundamental mode velocity 
v = c/neff. 

From Eq. (2) one can conclude that the effective cavity length, Lc, is a sum of the 
effective lengths of both the FBGs forming the cavity and the distance between them is Lc = 
L0 + Leff1 + Leff2.  

Reflectivity of FBG is usually calculated using the coupled-mode theory for two counter-
propagating waves [9,10,11]. From this theory the reflection coefficient for the field 
amplitude, ρ, is: 
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where κ = πn1/λ is the coupling coefficient (n1 is the grating amplitude and λ is the free-space 

wavelength), 22 ξκε −=  (here ( )1
0

12 −− −= λλπξ effn  is the detuning from the Bragg 

wavelength, λ0) and L is the grating physical length. The group delay of the light reflected by 
a FBG, τ, can be found from the reflection coefficient phase: 
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where ϕ  is obtained from Eq. (4) as: 
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From Eqs. (3,5,6) the grating effective length at the wavelength λ0 is found as: 
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Taking into account the dependence of the grating diffraction efficiency, 2

0 )(λρ=R , on the 

grating amplitude n1 (R = tanh2(πn1L/λ0)), the final formula for the grating effective length at 
the Bragg wavelength is written 
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Figure 2 shows the dependence of the relative effective length, Leff/L, on the grating peak 

reflectivity R for various values of detuning from the peak wavelength λ0. As it is seen, at 
relatively low values of the grating diffraction efficiency the grating effective length is near a 
half of its physical length; at high diffraction efficiencies the effective length approaches zero. 
Physically, this can be explained by the evident fact that a weak FBG (κL << 1) reflects light 
power along its length practically homogeneously, but a very intensive FBG (κL >> 1) reflects 
the most of light power from its initial part.  
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Fig. 2. Relative effective length Leff/L of a uniform 4-cm fiber Bragg grating versus its 
diffraction efficiency for λ0 = 1530 nm. The labels near the curves correspond to detuning from 
the peak wavelength.  
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Fig. 3. Group delay calculated for uniform 4-cm fiber Bragg grating versus detuning from the 
grating peak wavelength (1530 nm). The labels near the curves correspond to the diffraction 
efficiency values.  

 
At wavelengths slightly different from λ0, the effective length is bigger owing to the group 
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delay increase (Fig. 3). The curve for zero-detuning was calculated using Eq. (8), and curves 
for the detuning values different from zero were calculated using Eqs. (3,5,6). Since in single-
frequency DBR lasers the distance between FBGs L0 lies usually in the range of several cm, 
giving mode-spacing of the order of 10 pm (λ0 ± 5 pm), Eq. (8) can be used to estimate a 
minimal FBG effective length. 

3. Transmittance of a Fabry-Perot cavity formed by two FBGs  

Figure 4 (a) shows the fiber cavity transmittance curves calculated using Eqs. (1,4,6) for the 
case of two equal uniform FBGs, L1 = L2 = 4 cm, and a separation between them, L0 = 5 cm. 
As it is seen the mode spacing grows with an increase of the FBG’s diffraction efficiency 
owing to a decrease of their effective lengths (see Fig. 2).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                                      (a)                                                                         (b) 

Fig. 4. (a) Theoretical and (b) experimental transmittance spectra of the Fabry-Perot fiber 
cavity formed by two equal uniform 4-cm FBGs separated by 5 cm. Gratings are centered at 
1531.08 nm. The diffraction efficiency values are labeled near the corresponding curves.  

 
We studied experimentally the transmittance of a Fabry-Perot fiber cavity with two equal 

uniform gratings written in a standard photosensitive single-mode fiber similar to SMF-28 for 
several values of diffraction efficiency. The gratings were of 4 cm in length and the distance 
between them was 5 cm. The peak wavelengths of the FBGs were centered at 1531.08 nm. To 
insure the accuracy of the device geometry, the gratings were written in a single piece of fiber 
using a 15 cm long phase mask. After writing the first 4-cm grating, the UV laser was blocked 
along 5 cm and then a second 4-cm grating was written. The displacement of the UV beam 
was controlled with a high precision translation stage. A fiber-optic polarization controller 
was used to adjust the input polarization to match one of the eigen states of the Fabry-Perot 
cavity. In absence of polarization controlling, there was observed small splitting (∼1 pm) in 
peaks of the cavity transmission coefficient owing to the photo-induced birefringence in 
strong FBGs [12,13] and birefringence of the photosensitive fiber. 

The cavity transmission spectra (see Fig. 4(b)) were obtained using a tunable single-
frequency diode laser with an optical bandwidth of 150 kHz. It is seen that the distance 
between the transmittance peaks varies with the gratings’ reflectivity. The less the diffraction 
efficiency, the less the mode-spacing and vice versa. The mode-spacing grows as the 
diffraction efficiency increases. For the values of the diffraction efficiency used in the 
experiment, the change in the mode-spacing was ∼ 4 pm. Figure 5 presents the theoretical and 
experimental data for the mode-spacing when the central resonance is at the Bragg 
wavelength of the gratings (the theoretical curves was calculated using Eqs. (2) and (8)). It is 
seen that the values of the measured mode-spacing are close to the calculated ones. Thus we 
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can conclude that the Fabry-Perot fiber cavity formed by two FBGs can be correctly described 
in terms of the effective lengths of FBGs and the overall effective cavity length. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 5. Comparison between theoretical (solid line) and experimental (stars) mode-spacing 
values. 

4. Conclusion 

In summary, we have presented the results of a theoretical and experimental study of the free 
spacing between the longitudinal modes of a Fabry-Perot fiber cavity formed by two FBGs. It 
has been shown that when the cavity is composed of two FBGs, the group delay time of light 
reflected on them is the key parameter determining the cavity free spectral range. The 
properties of the cavity can be described in terms of the effective cavity length, in which the 
FBGs’ effective lengths should be accounted for. Since the grating effective length depends 
on its diffraction efficiency, the mode-spacing depends on it as well. 

We provide a simple analytical formula for calculating the effective length of a uniform 
FBG near its peak wavelength, which takes into account the grating diffraction efficiency and 
its physical length. It is shown that the FBG effective length changes from a half of the 
physical length to zero when the diffraction efficiency varies from low values to ∼100%.  

The experimental data on the transmission spectra of the Fabry-Perot fiber cavity with 
FBGs is described well by the presented theory. The results of this work can be applied for 
optimization of single-frequency DBR fiber lasers. 
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