The influence of annealing on the NIR luminescence lifetime in Bi-doped silica optical fibers.
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Abstract
  Annealing at a temperature of 873 K is shown to irreversibly influence the near-infrared (NIR) luminescence decay kinetics of bismuth doped silica optical fibers, pumped at the 808 nm wavelength. We found that annealing leads to quenching of the NIR luminescence peaking at a wavelength of 1420 nm. Our results support the cluster rather than the point defect origin of the bismuth luminescence in silica proposed and discussed in our previous research [1]. The results obtained let one conclude that the NIR luminescence lifetime of larger size bismuth clusters is greater as compared to smaller ones. The long time annealing quenches luminescence of smaller size clusters 2 – 3 times more effectively.
PACS Keywords: fiber optics, bismuth luminescence in silica optical fibers, luminescence quenching
1 Motivation
   Since the demonstration of bismuth-doped silica glass luminescence in NIR region by Y. Fujimoto and M. Nakatsuka in 2001 [2], intense  investigation of  luminescent properties of bismuth doped silica optical fibers as a gain medium for fiber lasers and amplifiers began. Luminescence of active optical fiber without additional dopants in fiber core, such as Al or Ge, which can influence luminescent properties of bismuth [3], is of greatest interest. In previous articles [1, 3] it was supposed that bismuth gathered in clusters is responsible of NIR luminescence dependent on cluster sizes. Unfortunately, small concentrations of luminescing bismuth in glass make it difficult to study the clusters’ structure by direct methods. That’s why, indirect observations, such as monitoring of the luminescence evolution with temperature or hydrogen loading [1, 4] have been applied. In Ref. [1] it was shown that stepwise heating of samples up to 873 K results in irreversible changes of the luminescence decay kinetics. Present research demonstrates the influence of a long time annealing at 873 K on luminescence decay kinetics of bismuth doped silica optical fibers.
2 samples and experiments
   Silica optical fibers with bismuth doped core drawn from preforms, produced with the help of SPCVD technology [5] were used as experimental samples. The fiber’s cladding was 125 µ and core was 20 µ diameter. Waveguiding properties of these fibers were provided by introducing fluorine into the cladding, which is known to lower the refractive index of the glass. In our experiments a 20 cm fiber sample was inserted into special oven, which was previously thermostabilized at 873 K. As a pump source we used a 808 nm laser diode, which could launch 10 mW laser emission into the fiber core. InGaAs photodiode was used as luminescence receiver. Its signal was registered by a digital oscilloscope Tectronics DPO4102B. Luminescence was observed at 1420 nm wavelength. Pump light and shorter wavelength luminescence at 830 nm were cut by a bandpass filter and could not contribute to registered signal. Response speed of registration system allowed to investigate luminescence kinetics with a time constant greater than 50 µs. Samples were annealed during 3 hours. A detailed description of the experimental setup is provided in [1, 4].
3 RESULTS

   The characteristic form of luminescence decay kinetics curves, observed in our experiments, is shown in fig. 1: [image: image1.wmf]0
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Fig. 1 Characteristic shape of luminescence decay kinetics curve, pumped at 808 nm at room temperature.
   According  to  [1, 3]  such curves could be best fitted with bi-exponential decay: 
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where t is time, I - luminescence intensity, I1 and I2 – amplitudes of each exponential component,  and  – corresponding time constants.
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Fig. 2 Time constants dependence on annealing time at T = 873 K in the air.
Changes of time constants , and amplitudes I1, I2 during annealing are shown in figures 2 and 3 respectively.
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Fig. 3 Annealing time dependency of both amplitudes of bi-exponential luminescence decay.
4 DISCUSSION
   According to [1], bismuth luminescence of pure silica glass is produced by two types of active bismuth inclusions. Both inclusions luminescence spectra have two bands around 830 and 1420 nm in the NIR region. A characteristic lifetime of active bismuth aggregates of the first type is around ~0.5 – 0.8 ms and of the second type ~1.5 – 2.5 ms One can easily identify these time constants when approximating kinetic curves to bi-exponential decay (Fig. 1, 3). We suggest that the concentration of active aggregates of the first type is proportional to I1 and concentration of active aggregates of the second type is proportional to I2. On the basis of the cluster model of active bismuth in silica glass [1] it was suggested that clusters of smaller size relate to active aggregates of the first type and clusters of higher size relate to active aggregates of the second type. This suggestion was indirectly confirmed in [1 and 3]. Also in [1] it was shown that bismuth active aggregates are generally localized in interstitial cavities of silica glass. Figure 3 gives us the most interesting information about the nature of active bismuth. One can see that annealing along first 20 minutes results in decrease of I1 and increase of I2. We suggest that such behavior is a result of re-arrangement of bismuth clusters inside interstitial cavities of silica glass: smaller clusters are "fused" into larger clusters and, consequently, the concentration of active aggregates of first type decreases and the concentration of active aggregates of second type increases. Further annealing results in further re-arrangement of bismuth clusters and its "fusion" into even larger clusters, whose luminescence cannot be excited by 808 nm light, so the concentration of bismuth active aggregates of both types decreases (Fig. 3).
5 CONCLUSION
In this work we have presented additional evidence of cluster origin of luminescing bismuth in silica glass. We have demonstrated that short-lived luminescence at 1420 nm wavelength under 808 nm pump is related to interstitial bismuth clusters of a smaller size and longer living luminescence is related to interstitial bismuth clusters of larger size. Annealing at 873 K results in “fusion” of smaller clusters into larger clusters and leads to transformation of active bismuth aggregates of the first type into active bismuth aggregates of the second type.
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