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Abstract: The spectroscopic properties of pristine and-lbhded MCVD based Bi-doped
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1. Introduction

In recent years, significant research has beeredaout on the spectroscopic properties of Bi-dofieet fabricated

by the modified chemical vapor deposition (MCVDJhrique, with various glass compositions [1-3]. léwer, the

origin of the luminescent center responsible fa& Bi-emission is still unclear. In addition, impesent in the
lasing efficiency of the Bi-doped fiber laser isassary for possible practical applications. thexefore interesting
to investigate the dependence of the luminescenggepies of Bi-doped fiber on external influencésrecent

study on the influence of high temperature anngadind hydrogen-loading then annealing showed thatlBted

luminescence is very sensitive to the annealinggs®[4].

At the same time, new information on the naturehef luminescence center can be obtained by studing
doped fiber fabricated by technique that is sigaifitly different from the MCVD. Lately, plasma cheai
technology has been successfully applied to Bi-ddjieer and the spectroscopic properties do ndedifom the
MCVD counterpart [5].

Here, we report the influence oft#bading on the spectroscopic properties of a Bietbfiber fabricated by the
MCVD process. Results are compared between priatideH-loaded fiber. In addition, a Bi-doped fiber haghe
fabricated with the powder-in-tube (PIT) technolagnd their luminescence properties, under diffeexaitation
sources, are compared to fibers fabricated by 6% Bl technique.

2. Spectroscopic properties of Hy-loaded Bi-doped fiber

The fiber under investigation was fabricated by MIC\&nd the solution doping technique with a coresgla
composition of Al:SiQ. The outer and core diameter of the fiber was 428 10um respectively, with a core
numerical aperture (NA) of 0.16. The fiber was login loaded following typical condition for the dibBragg
grating fabrication and was kept in, &tmosphere at 7C for four days, under the pressure of 190 atmindex
change was observed due tglbiading of the fiber.

The small signal absorption in the fiber was measilry the standard cut-back technique, using aewigiht
source and an optical spectrum analyzer (OSA) leathackground loss was measured with a SunriseLojgtical
time domain reflectometer (OTDR) at 1285 nm. Therftscence spectrum was collected from the sideeofiber
using a multimode fiber and measured with an OSA.080 nm GT Wave Yb-doped fiber laser was usednas a
excitation source. All measurement was carriecabubom temperature.

The measured absorption spectra in the wavelergibrr of 800 — 1400 nm, for the pristine andiéhded fiber
are shown in Fig. 1. The small signal absorptiod@G20 nm for the pristine and#fbaded fiber was 1.5 and 2.2
dB/m respectively. The peak around 900 nm in thdrdgyen loaded fiber accounts for water peak. A spedk
around 980 nm indicates contamination from Yb itime corresponding background loss at 1285 nm wan@®0
dB/km for the pristine and Hoaded fiber.

The unsaturable losses in both the fibers were ume@st the pump wavelength of 1090 nm. The uralaker
loss remains unchanged after thgléhding. Thus, the ratio of unsaturable absorpt@ismall signal absorption
reduced from 65 to 45% after the-ldading. No change in fluorescence shape, unded htn pump wavelength,
was observed due to,Hbading. However, enhancement of emission afterHhloading was reported in [6]. We
measured fluorescence decay time from the fibérs.decay time dropping te of its original intensity becomes
significantly shorter after the Hoading. The measured decaying times are shovigin2. The decay times are ~
770pusec in the pristine fiber, but it drops to ~2@&ec in the Lloaded fiber. It appears that the active Bi iore a
guenched by the loaded hydrogen [7].
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Fig 1. Absorption spectrum of;Hoaded and pristine Bi-doped Al:Si@ber.

We tested laser performances of the fibers in g cavity with 2% output coupling. With a 15 m lopgstine
fiber, when pumped at 1090 nm, the oscillation5t8.nm was observed, but the efficiency was leas %6, due
to high unsaturable loss present in the fiber T8le H-loaded fiber, when tested in the same setup dfaddase,
with 6 W of available pump power. The fiber lengths 12 to 15 m, allowing 15 to 20 dB pump absorptio laser
configuration. Hence, our results suggest thabalgh the Hloading may increase the fluorescence intensity [6
the guenching of the Bi ions by the hydrogen evahtlimits the laser performance. Further studiesoptimizing
the H-loading condition with proper annealing processwarder progress.
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Fig.2. Fluorescence decay in a pristine fiber apdoided fiber.

3. Spectroscopic properties of Bi-doped fiber fabricated by PIT technology

The Bi-doped fiber was fabricated by PIT technoloblye core glass was composed of 94.5 mol%, $0.6%),
5.0 mol% ALO; and 0.5 mol% BDs; (99.9%). The powders were mixed in a mortar, usingiltrasonic bath for
intimate mixing of the powders. The mixture wasntip@ured in to a silica substrate tube and annealadurnace
at 1750C, for an hour. The tube was then drawn in to & cdri mm diameter.

Figure 3 shows the fluorescence comparison spettthe PIT and MCVD based Bi-doped fibers of simila
glass compositions. It is clearly shown that théssion is dependent on the fabrication method. Phie fiber
showed broad fluorescence band centered at 1250na@r 808 nm excitation [Fig. 3 (a)]. Its full widhalf
maximum (FWHM) bandwidth is ~270 nm. The fluoresze=iooks close to that of Bi-doped aluminosilioglesses
fabricated by the melt and quenching method [9)weleer, in case of the MCVD Bi-doped fiber, the pepkeared
in the shorter wavelength of 1000 nm with 200 nniF@fHM bandwidth, which well agrees with other Bipdul
aluminosilicate fibers by the MCVD process [10].ndér 1090 nm pumping, the peak position for bothfibers
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remains same, while the PIT fiber shows broadesrdiscence [Fig. 3 (b)]. The PIT seems promising tier
construction of broadband sources based on Bi-dbipeics.
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Fig 3. Normalized emission spectra of Bi-doped fitadricated by PIT and MCVD technique, at pump alaagth of (a) 808 nm and (b)
1090 nm.

4, Conclusion

In conclusion, we have reported the dependencepedtisal characteristics in Bi aluminosilicate fitefter H-
loading. The absorption in Hoaded fiber seems to increase but it also cagsesching. The Bi-doped fiber
fabricated by PIT technology, which is a non chahicapor deposition process, shows significant ghaim
luminescence, as compared to Bi-doped fibers fataitby MCVD.
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