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Abstract: In order to take advantage of the 1.33-µm emission from 4F3/2→4I13/2 transition of Nd3+ ions to realize many 
potential applications in this telecommunication band, it is important to filter out the intense 1.06-µm 
emission from the 4F3/2→4I11/2 transition. In this work, a new tellurite all-solid photonic bandgap fiber with 
double cladding layer was proposed. In addition, 8 high-index rods and an Nd3+-doped core were arranged 
in a horizontal line and located in the center of the fiber. Numerical calculation was carried out to study the 
properties of the propagation modes at 0.8, 1.06 and 1.33 µm. By controlling the diameters of the core and 
high-index rods, it is possible to reduce the intensity of the 1.06-m light, but maintain the intensity of the 
lights at 0.8 and 1.33 µm when they propagate in the fiber core. 

1 INTRODUCTION 

In recent years, the demands of optical amplifiers 
and lasers which can operate at various wavelengths 
in telecommunication bands to develop broadband 
optical systems for global telecommunication are 
rapidly raising. By using Erbium-doped fiber 
amplifiers (EDFA) as gain media for wavelength 
division multiplexing (WDM) systems, gain 
bandwidths from 1530 to 1560 nm (Jose, 2015) can 
be achieved but they are as narrow as 30 nm. 

Among several active rare-earth ions that have 
been investigated for optical fiber amplifiers and 
lasers in the telecommunication band, Neodymium 
ion (Nd3+) is an attractive candidate as 1.3-µm 
optical amplification active ions due to its 4F3/2→
4I13/2 transition (Miniscalco, 1988; Wang, 1994; 
Naftaly, 2000). However, when it is excited by 
pumping at 0.8 µm, the presence of the intense 
amplified spontaneous emission (ASE) at 1.06 µm 
has become a major problem. This ASE is attributed 
to the 4F3/2→4I11/2 transition whose branching ratio is 
about 5 times larger than that of the 4F3/2→ 4I13/2 
transition for the ASE at 1.33 µm. To take full 
advantage of the 1.33-µm ASE, it is necessary to 
filter out the intense 1.06-m ASE by using a 
continuous distributed filter (Naftaly, 2000).  

In this work, we proposed a new tellurite all-
solid photonic bandgap fiber (ASPBF) as a 

promising solution. The fiber consists of an Nd3+-
doped core in the center, a horizontal line of 8 high-
index rods and double cladding layers. The 
propagation of the lights at 0.8, 1.06 and 1.33 m in 
the fiber core was investigated. By controlling the 
fiber parameters, the transmission of the 1.06-m 
light can be reduced and becomes weaker as 
compared to the others. 

2 MATERIAL PROPERTIES 

A conventional ASPBF usually consists of an 
arrangement of isolated high-index rods located in a 
low-index cladding (Knight, 2006). In this work, a 
step-index cladding profile was designed by using 
two cladding layers with different refractive index. 
The materials for the core, rod, inner cladding and 
outer cladding were developed by using tellurite 
glasses. The core material was TeO2-ZnO-Na2O-
La2O3 which was doped with 0.5 wt% of Nd3+ ions 
(TZNL-Nd-doped). The tellurite glass TeO2-Li2O-
WO3-MoO3-Nb2O5 (TLWMN) was used for high 
index rods and the TeO2-ZnO-Na2O-La2O3 (TZNL) 
and TeO2-ZnO-Li2O-K2O-Al2O3-P2O5 glasses were 
used for the cladding materials, respectively. High 
purity TeO2 powder (99.999%) and an electric 
furnace with dry gas flows of argon and oxygen 
were used to avoid the OH-contamination. After
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Table 1: Fitted Sellmeier coefficients for tellurite glasses TLWMN, TZNL-Nd-doped-0.5, TZNL and TZLKAP. 

 A1 A2 B1 B2 
TLWMN 3.2604 1.5796 190.0044 12704.1262 

TZNL-Nd-doped-0.5 2.9259 0.0000 181.3663 31152.5524 
TZNL 2.8614 0.0000 182.6837 7727.8810 

TZLKAP 1.5729 2.3188 118.0236 18278.9797 

 

quenching to room temperature, glass samples were 
cut into 1-mm-thick glass slides and polished 
carefully for the measurement of transmission and 
refractive index. 

Transmission spectra of TLWMN (high-index 
rod material) and TZNL (inner cladding materials) 
were measured by an UV/VIS/NIR Spectrometer 
(Perkin Elmer, Lambda 900) and an FT-IR 
spectrometer (Perkin Elmer, Spectrum 100) and 
plotted in Fig. 1. Both TLWMN and TZNL glasses 
have high transmittance more than 70% covering a 
wide range from 0.5 to 5.0 µm. In addition, the 
transmission range of TZNL glass can extend up to 
6.0 µm. 

 

 

Figure 1: Measured transmission spectra of TLWMN and 
TZNL glasses.  

The refractive indices of tellurite glasses at four 
wavelengths 633, 974, 1320 and 1544 nm were 
measured by a prism coupler system (Metricon 
2010). They were fitted to Sellmeier equation as 
given in Eq. (1) in which A1, A2, B1 and B2 are 
Sellmeier coefficients and are shown in Table 1. 
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The wavelength dependent refractive indices of 
TLWMN, TZNL-Nd-doped-0.5, TZNL and 
TZLKAP tellurite glasses obtained from Eq. (1) 
were used to calculate the light propagation and 
bandgap properties of the fiber by the Comsol 
Multiphysics software. 

3 NUMERICAL CALCULATION 
AND DISCUSSION 

A schematic image of the fiber structure was plotted 
in Fig. 2. The fiber was designed with an outer 
circular cladding (Clad 2) made of the TZLKAP 
glass and an inner hexagonal cladding (Clad 1) made 
of the TZNL glass. Inside the Clad 1, a solid rod of 
the TZNL-Nd-doped-0.5 was placed at the center as 
the fiber core and it was horizontally surrounded by 
two sets of 4 high index rods made of the TLWMN 
glass. The core diameter and the rod diameter were 
Dcore and Drod, respectively. The filling fraction (FF) 
is defined by the ratio between the rod diameter and 
the distance between two adjacent rods (p) as given 
in Eq. (2). The numerical technique Finite Element 
Method (FEM) and the perfectly match layer 
boundary condition were used. The size of the mesh 
was automatically optimized to maintain the 
calculation accuracy but reduce the calculation time. 
In the center of the fiber, the mesh was as small as 
0.0018 µm. The size of the mesh became larger at 
the outer cladding and was as large as 0.9 µm. The 
mesh distribution for the calculation was 
schematically plotted in Fig. 2. 

rodD
FF

p
  (2)

 

   

Figure 2: Schematic image of the fiber structure (left-side) 
and of the mesh distribution (right-side). 

The target of this work is to realize fiber 
structures which allow high intensity lights to 
propagate in the core at 0.8 and 1.33 µm but hinder 
the transmission of the light at 1.06 µm. The 
calculation was first carried out when Dcore was 3.0 
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µm, Drod was 2.5 µm and FF was 0.75. Figure 3 
shows the effective refractive index spectrum of the 
modes which can propagate in the core of the 
designed fiber in the vicinity of 0.8, 1.06 and 1.33 
µm. The wavelength interval was 0.1 µm. At each 
wavelength, the red dot represents the fundamental 
mode or the mode which has highest intensity in the 
core. On the other hand, the blue dots show modes 
which were weakly confined in the core and their 
energy leak out to the surrounding region due to the 
photonic bandgap properties. It can be inferred that 
when the red dot overlaps with the blue dot, the light 
confinement in the core of that mode becomes weak. 
In other words, the intensity of the light which 
propagates in the core at that wavelength reduces. 
Provided that the red dot overlaps with the blue at 
1.06 µm, the 1.06-m ASE of Nd3+ ions will be 
weakly confined in the core, but the pump at 0.8 µm 
and the 1.33-µm ASE can still propagate in the core 
with high intensity if the red dot does not overlap the 
blue at 0.8 and 1.33 µm at the same time. That is to 
say, it is possible to filter out or reduce the 1.06-m 
ASE continuously along the fiber as we expected by 
controlling the fiber parameters and the bandgap 
properties to satisfy the above conditions. 

In order to confirm this feature, the intensity 
distribution of the mode fields which correspond to 
red dots at 0.8, 1.06 and 1.33 µm were calculated 
and shown in Figs. 3b, 3c and 3d. Because the red 
dots at those wavelengths do not coincide with the 
blue dots as can be seen in Fig. 3a, lights at those 
wavelengths are strongly confined in the core. 
Notably, the intensity of the light at 1.06 µm is about 
two times higher than that of the light at 1.33 µm as 
shown in Figs. 3c and 3d. It gives a chance for the 
1.06-µm ASE to be dominant in the emission 
spectrum. 

 

 

 

 

Figure 3: (a) Calculated effective refractive index of 
modes which can propagate in the fiber core when Dcore 
was 3.0 µm, Drod was 2.5 µm and FF was 0.75. (b), (c) 
and (d) are intensity distribution of modes which 
correspond to red dots at 0.8, 1.06 and 1.33 µm, 
respectively. 

In order to investigate the effect of Drod, similar 
calculations were done when it decreased from 2.5 
µm to 2.3 µm and the results were shown in Fig. 4. 
Figure 4a shows that the red dot at 1.06 µm started 
to overlap the blue dot, but the red dots at 0.8 and 
1.33 µm were still out of the blue dot range. In 
agreement with Fig. 4a, a Gaussian-like distribution 
of light intensity was recognized at 0.8 and 1.33 µm 
as shown in Figs. 4b and 4d, but it was not obtained 
at 1.06 µm as shown in Fig. 4c. Compared to the 
mode at 1.33 µm in Fig. 4d, the highest intensity of 
the mode at 1.06 µm in Fig. 4c becomes about 5 
times lower. To put it another way, it is successful to 
reduce the intense 1.06-µm ASE but maintain the 
1.33-µm ASE by using this ASPBF’s structure. 

 

 

 

Figure 4: (a) Calculated effective refractive index of 
modes which can propagate in the fiber core when Dcore 
was 3.0 µm, Drod was 2.3 µm and FF was 0.75. (b), (c) 
and (d) are intensity distribution of modes which 
correspond to red dots at 0.8, 1.06 and 1.33 µm, 
respectively. 
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Figure 4: (a) Calculated effective refractive index of 
modes which can propagate in the fiber core when Dcore 
was 3.0 µm, Drod was 2.3 µm and FF was 0.75. (b), (c) 
and (d) are intensity distribution of modes which 
correspond to red dots at 0.8, 1.06 and 1.33 µm, 
respectively. (cont.) 

When Dcore decreases from 3.0 to 2.5 µm, the red 
dot at 1.06 µm moves deeper to the blue dot range as 
shown in Fig. 5a. Although the light at 1.06 µm can 
propagate in the core with a Gaussian-like 
distribution as shown in Fig. 5c, its highest intensity 
is about 3 times lower than that at 1.33 µm. 

 

 

 

Figure 5: (a) Calculated effective refractive index of 
modes which can propagate in the fiber core when Dcore 
was 2.5 µm, Drod was 2.3 µm and FF was 0.75. (b), (c) 
and (d) are intensity distribution of modes which 
correspond to red dots at 0.8, 1.06 and 1.33 µm, 
respectively. 

4 CONCLUSIONS 

It was demonstrated in this work that by controlling 
fiber parameters of a new tellurite double-cladding 
ASPBF such as the filling fraction, the core and 
high-index rod diameters, the photonic bandgap 
properties were modified and the intense 1.06-m 
emission peak due to the 4F3/2→4I11/2 transition of 
Nd3+ ions was greatly reduced as compared to the 
1.33-µm ASE caused by the 4F3/2→4I13/2 transition. 
This feature is benefit to realize many potential 
applications employing the 1.3-m emission of Nd3+ 
ions such as optical fiber amplifiers, display 
technologies, laser therapeutics and biomedical 
applications. 
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