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Abstract: A scalar version of the localized function method is implemented and tailored to model 
doped-core microstructured optical fibers starting from a microscope picture of the fiber cross-
section. The program is evaluated with respect to state-of-the-art modeling results. We report first 
data on comparison between calculated and experimentally observed guided modes of a 
photosensitive air-silica microstructured fiber. 

1. Introduction 

Due to their large tailoring potentiality, in terms of dispersion compensation, non-linear effects enhancement 
or high-power propagation, air-silica microstructured optical fibers (MOF) are widely studied both theoretically 
and experimentally. Knight et al. [1] realized the first MOF in 1996. Great progress have since been made to 
improve fabrication process of both fibers guiding light in a silica core by the average index effect and by the 
photonic band gap effect [2]. In this paper, we are mainly concerned by describing the propagation modes of 
doped-core microstructured fibers.  

 

We can mainly list about six different modeling methods [3] to describe MOF guiding properties. Some of 
them like the effective index method are simple and computationally efficient but give essentially qualitative 
results. Another group is based on the projection of both modal field and propagation equation on basis 
functions, e.g. the plane-wave method, the biorthonormal basis method, and the localized functions method 
(LMF) [4, 5]. Finally, although not specific to MOF modeling, the Beam Propagation Method (BPM) and Finite 
Difference or Finite Element Methods (FEM) provide very accurate results but are time-consuming. 

 

We implement a scalar version of the LFM modified to model doped-core MOF. This LFM-based simulation 
tool is validated on state-of-the-art modeling results obtained by BPM and FEM [6,7] as well as on modal 
patterns observed and published for a given MOF profile [7]. A Ge-doped-core microstructured fiber has been 
designed and fabricated. Modes computation on this realistic profile are compared to experimentally observed 
guided modes selectively reflected back by a UV-written Fiber Bragg Grating (FBG). 

2. Simulation method  

The LFM efficiently models real-world MOF starting either from a computer synthesized profile or from a 
microscope image. Moreover, it is fast because of the use of localized basis functions and accurate due to 
analytical calculation of overlap integrals. 

2.1 Principle  
LFM relies on the projection of modal electric fields and propagation equation on localized basis functions. 

Hermite-gaussian (HG) functions reveal to be a good choice because they are localized in the vicinity of the 
fiber’s center and hence efficiently describe guided modes. Only a few basis functions (about 30x30) are 
required to obtain a numerically accurate result. The refractive index profile of the fiber is described using either 
cosines or HG functions. In both cases, overlap integrals are analytically evaluated. We choose to use cosines 
when modeling all-silica MOF, and to add a core described on hermite-gaussian functions in case of Ge-doped 
fibers. We compared this approach to the description of the whole refractive index profile only on cosines, and 
concluded to a faster convergence of modal effective index (neff) relative to the number of HG basis functions. 

2.2 Validation of the simulation program 
We first validate our program on an ideal single-mode MOF with a 4-ring triangular pattern, 2 µm pitch and 

0.5 µm hole diameter. We compare our results to those obtained by A. Peyrilloux et al. [6] using the Finite 



Element Method. At 633 nm and for 30x30 basis functions, we obtain a neff of 1.45313 and an effective area of 
10.3 µm², which have to be compared to FEM-computed values, respectively 1.45306 and 10.5 µm². 

 
In a second time, we study a multimode Ge-doped core MOF comprising six large air-holes and previously 

described by Kerbage et al. [7]. For fundamental and higher order guided modes, LFM-computed neff values are 
in good agreement with those given by Kerbage et al.: the maximum neff difference is less than 2.10-4. On Figure 
1, we report modal field patterns for the first five guided modes given by the LFM and the BPM as well as 
experimentally observed modes. 

 

 
Fig.1. Modal field patterns of the first five guided modes calculated by the BPM (top line) [7], 
 the LFM (bottom line, 30x30 basis functions), and experimentally observed (middle line) [7]. 

3. Modal imaging of a two-ring triangular microstructured photosensitive fiber 

We further use our simulation tool to model a Ge-doped-core MOF we have designed and fabricated by the 
conventional stack and draw process at IRCOM-Limoges. The Ge-doped preform has been realized at LPMC-
Nice using the MCVD process. 

3.1 Fiber description 
The fabricated fiber is a two-ring triangular MOF with a mean hole diameter of 3.1 µm and a mean pitch of 

6.7 µm (see Figure 2). The doped core is about 5 µm in diameter but is slightly decentered and the index 
difference is equal to 0.008. The right-hand side image in Figure 2 is used as the starting profile of the simulation 
program for this fiber. 

 

  
Fig.2. Microscope image of the two-ring triangular photosensitive MOF. 

3.2 Fiber Bragg Grating photowriting process 
We have photowritten uniform FBG in this Ge-doped-core microstructured fiber using a Lloyd mirror 

interferometer setup and a cw-laser emitting at 244 nm. The MOF has been previously hydrogen loaded at 160 
bar/25°C during 2 weeks to increase its photosensitivity. FBGs are written within 30 minutes after the fibers 
have been taken away from the gas chamber. The uv-beam position is controlled through the blue luminescence 
of the Ge-doped silica to optimize the photowriting kinetic. 

 

3.3 Modal imaging setup 
Fiber Bragg gratings separate in wavelength the guided modes of the MOF via the Bragg relationship. Each 

guided mode manifests as a resonance peak on both transmission and reflection spectra whereas leaky modes are 
only observed as dips in transmission. To record the modal patterns, we use the imaging setup depicted on 
Figure 3a. A tunable laser is coupled in a MOF pigtail comprising a FBG. The pigtail is cleaved next to the 
grating in order to increase the signal to noise ratio (and to counterbalance the fiber losses). At the Bragg 



resonances, the reflected light is observed on an InGaAs CCD camera. Bragg resonances are accurately located 
with the help of the transmission spectrum previously recorded on the same setup. 

 

   
                                          (a)                                                                                            (b)  

Fig.3.(a)  Near-IR modal imaging setup (InGaAs CCD camera, x40 microscope objectives),  
(b) Acquired FBG transmission spectrum with corresponding experimental and simulated (top pictures) 

modal field patterns. 
 

3.4 Results 
As predicted by our simulations, the MOF carries three modes. Cross comparison between computed and 

experimentally observed modes are shown on Figure 3b. The modal patterns for the first three resonances are 
well retrieved by the simulation (same modal structure and same orientation with respect to the air-holes pattern) 
and correspond to the fundamental and the first two higher order modes. At lower wavelength resonances, no 
clear modal patterns are observed: the associated modes must be leaky and are thus not found by the simulation 
program. No splitting of the wavelength resonances due to the polarization state is observed thus justifying the 
use of our scalar simulation program to study this fiber. 

4. Conclusion 

A LFM-based scalar simulation method has been implemented to model light propagation in doped-core 
MOF. It has been validated on state-of-the-art BPM and FEM modeling results and on published modal 
measurements. Complementary evaluations have been performed on a specifically designed and fabricated 
photosensitive microstructured fiber that has been used for FBG photowriting. The computed modal fields 
patterns are in good agreement with those measured using a near-IR imaging setup. 
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