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ABSTRACT  

The integration of rare-earth doped optical fibers as part of fiber-based systems in space implies the development of 
waveguides tolerant to the radiation levels associated with the space missions. We report the spatial distribution, the 
photoluminescence (PL) properties of color centers and the related changes induced by X-rays radiation at different 
doses (50, 500 and 1000 krad) for two different prototypes of Er-doped optical fibers. Each sample (in the version 
pristine, X-irradiated and H2 loaded prior to radiation exposure) was characterized by confocal microscopy luminescence 
(CML) measurements in Visible range with Visible (488 nm) or UV (325 nm) laser light excitation.  The set of tested 
fibers allowed us to obtain information on the radiation responses of the silica-based host matrix and on the transitions 
between the energy states of rare-earth ions. Under Vis-excitation, the luminescence spectrum of the core revealed the 
typical emission pattern of Er3+ ions, with an increase of the emission intensity around 520 nm due to the radiation 
treatment; whereas no spectroscopic change induced by radiation was observed when a particular sensitizing element is 
added to the core composition or when the fiber was previously H2-loaded. The PL-core spectra under UV-excitation 
showed the behavior of the ODC, typical of the silica-based host matrix. For these spectra, addition of the sensitizing 
element annihilates the depressions that characterize the profile of ODC emission and that are due to the Er3+ ions 
absorption. 
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1. INTRODUCTION  
Research interest in the field of rare-earth doped optical fibers is still motivated by practical importance of these specific 
optical fibers, used as active medium of fiber-lasers and amplifiers designed to operate in radiation environment. Erbium 
doped fibers for instance, that are suitable for amplification in the 1.5µm window, are very sensitive to ionizing 
radiations and thus their deployment in numbers of technological applications is at stake. It is therefore crucial to 
comprehend the mechanisms of material degradation, in order to increase their resistance in radiation environments. The 
use of a tool combining microscopic and spectroscopic aspects is essential to qualitatively and quantitatively: identify 
the luminescent centers, attribute them to microscopic structures and to assess the changes induced by radiation in the 
atomistic scale1. In this study, we investigate the role of several chemical elements incorporated in the fiber core 
composition, also interest in the field of active fibers. These elements can be used structurally to build the waveguide in 
terms of refractive index profile, to enhance some specific optical properties of the rare earth ions, and in some cases, as 
sensitizers. Once the core is manufactured, its properties can be modified by the following manufacturing process steps 
such as fiber drawing, but also in the course of post-treatments on the fiber itself such as hydrogen loading. 
 
 
*marilena.vivona@univ-st-etienne.fr; phone (33) 4 77 91 58 14; fax (33) 4 77 91 57 81 

2nd Workshop on Specialty Optical Fibers and Their Applications (WSOF-2),
edited by Juan Hernández-Cordero, Ismael Torres-Gómez, Alexis Méndez, Proc. of SPIE

Vol. 7839, 78391H · © 2010 SPIE · CCC code: 0277-786X/10/$18 · doi: 10.1117/12.867107

Proc. of SPIE Vol. 7839  78391H-1



 

 

2. EXPERIMENTAL DETAILS  
The different prototypes of Er-doped optical fibers have been made by modified chemical vapor deposition (MCVD), 
process by iXFiber2. Short lengths (2 cm) of each fiber have been irradiated with 10 keV X-rays at three different doses 
(50, 500 and 1000 krad) by using the ARACOR machine of the CEA DIF, France. A copy of the same fibers was loaded 
with hydrogen for 48 hours at 200 bars and 85°C and then allowed to degas for several weeks prior to radiation exposure 
at the same three doses. The samples have been studied by confocal microscopy luminescence (CML) at the Hubert 
Curien laboratory, France. The principle of confocal microscopy3 consists in focusing the laser source through the 
microscope objective and carrying out a spatial filtering of the signal coming from the illuminated volume, by using a 
diaphragm of small diameter placed in the conjugated plane where the magnified image of the sample is formed by the 
objective. The luminescence spectra of pristine and treated samples have been recorded in visible range with 488 or 325 
nm laser light excitation.  The CML setup also allows to determine the spatial distribution of the emitting centers in the 
transverse fiber cross-section through a luminescence mapping with a spatial resolution of about 2 µm. 
 
 

3. RESULTS/DISCUSSION 
The experimental setup allows us to obtain the spatial distribution of emitting centers and thus to verify the homogeneity 
of the dopants concentration and their repartition. In Fig. 1, we report a typical example of the luminescence distribution, 
along a fiber diameter. This system is a powerful tool which is used to highlight any modification induced by the 
radiation both in the core and the cladding zones.   
 
 

    
 

Figure 1. Spatial and spectral distribution of the emitted signal along a fiber diameter under 488 excitation (a) and 
under 325 nm excitation (b). 

 

Fig. 2 and Fig. 3 show the changes induced by X-ray irradiation in 485-600 nm spectral range for the fibers 1 and 2, that 
have identical chemical compositions with the notable exception of one sensitizing element. Under 488 nm excitation 
this spectral domain is dominated by the green Er3+-emission: four main peaks are observed whose relative intensities 
after irradiation are not affected when the sensitizing element is added to the core composition (Fig. 2). In the Fig. 3, for 
the X-irradiated fibers the peak, located at 520 nm, increases when the dose is at least 500 krad. The relative amplitude 
of this peak is not increased in the H2 treated sample and we get a response quite similar to fiber 1 with the sensitizing 
element. 
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Figure 2. Laser induced emission in the core centre of Er-doped fiber 1(with sensitizing element) before and after 
several treatment (X-rays radiation and H2 loading) under a probe signal at 488 nm. 

 
Figure 3. Laser induced emission in the core centre of Er-doped fiber 2(without sensitizing element) before and 
after several treatment (X-rays radiation and H2 loading) under a probe signal at 488 nm. 

 

 
In Fig. 4 and in Fig. 5 are displayed the PL spectra under 325 nm laser excitation: it is evident the band centered at 400 
nm, related to the emission of defects of the silica host matrix, the oxygen deficient centers (ODC). When the sensitizing 
element is not present (Fig.5), the profile of the ODC shows depressions, located at the wavelength of absorption of the 
Er3+ ions4. The effect is annihilated with the addition of the sensitizing element (Fig. 4).    
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Figure 4. Laser induced emission in the core centre of Er-doped fiber 1 (with sensitizing element) before and after 
several treatment (X-rays radiation and H2 loading) under a probe signal at 325 nm. 

 
Figure 5. Laser induced emission in the core centre of Er-doped fiber 2 (without sensitizing element) before and 
after several treatment (X-rays radiation and H2 loading) under a probe signal at 325 nm. 

4. CONCLUSION 
We used confocal luminescence microscopy setup to characterize the radiation induced changes in Er-doped fibers, 

in relation to the presence or absence of a particular sensitizing element. Also, we observed as well that fiber post 
treatment, such as H2 loading, can be an effective way to modify the fiber response to radiation exposure. It is evident 
the positive effect of the addition of the sensitizing element and the H2 loading on the hardness to the radiation 
environments. 
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