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Abstract Summary

A novel approach for controlling and flattening the radial
distribution of the erbium ions within an aluminium enriched silica
core glass as part of the modified chemical vapour deposition and
solution doping techniques is presented.
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Doped Optical Fibres;

L INTRODUCTION

Rare-earth (RE) doped optical fibres constitute a key
component in the production of optical amplifiers, fibre lasers
and sensor devices [1]. Although a number of fabrication
techniques have been developed over the past few years (an
extensive summary of which can be found in Ref [2]), the
majority of fibres are still manufactured with the coupling of
the modified chemical vapor deposition (MCVD) [3] and
solution doping techniques [4]. This approach is easy to
implement and offers great flexibility in doping REs with
varying concentrations and in different hosts. However, control
of dopant concentration and subsequently dopant distribution
within the fabricated preform, which depends on a number of
fabrication parameters (i.e., surface adsorption, solution
concentration, soot density, etc), is still a major concern in this
process. As a result a number of fabrication related issues
(clustering, RE concentration depletion dip, etc) are still
present, while the technology remains practically unchanged
since its introduction.

During the solution doping process and as applied to
MCVD, an unsintered layer of the core material is first
obtained. The resulting porous tube is then soaked with an
alcoholic/aqueous solution containing REs and other dopants,
so that the dopants will impregnate into the pores of the core
layer. The solution is removed from the tube and the
impregnated layer is first dried before the tube is collapsed to
form the fibre perform. Additional doped layers can be built up
by repeating the aforementioned process prior to the collapse
phase. However, after the solution doping step, the silica tube
is always dried and collapsed to produce the preform.

In an alternative approach, we report on the fabrication of
an erbium (Er’) doped optical fibre where additional silica

layers were deposited following the sintering phase and prior to
the preform collapse stage. Subsequent elemental
characterisation has revealed a homogeneous dopant
distribution profile that exhibits no signs of any dopant
concentration depletion dip around the central core region.
Information about the fibre fabrication and characterisation
processes is presented in this paper.

II.  FIBRE PREFORM FABRICATION

This experimental fibre was manufactured in an attempt to
produce a “standards” fibre sample aimed to test the imaging
properties of a near field scanning optical microscopic
(NSOM) system. The latter had been modified to probe the
Er** ion distribution in optical fibres [5]. The need for the
existence of specific features that could test the ability of this
imaging technique led to the fibre design shown in Fig. 1. It
can be observed that the objective was to produce a fibre that
consisted of two concentric rings containing Er’*, interleaved
with silica layers.

Figure 1. Fibre design

Using the MCVD and solution doping technique, the
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porous layers of the phosphorous (P) containing outer ring
were deposited and later impregnated with an alcoholic
solution of ErCl;.6H,0 salts (0.01 mol/l in methanol) for 2
hours. The inner ring porous layers were impregnated with an
alcoholic solution of ErCl;.6H,O (0.1 mol/l) and AlCI;.6H,O
salts (1 mol/l) for a period of 2 hours as well. Four layers of
pure silica were deposited to separate the outer and inner (core)
ring layers, while two layers of pure silica were deposited after
sintering the inner core region. The tube was then collapsed
into a 10 mm-diameter solid preform, out of which the fibre
was later drawn.



III. FIBRE PREFORM AND FIBRE CHARACTERISATION

A commercial refractive index (RI) profiler was employed
to measure the RI difference (An) in the produced fibre (Fig 2).
Knowing the correspondence between index increase and oxide
concentration in silica glass, the resulting An was used to infer
the final incorporated Al,O; and P,Os concentrations within the
fibre. Note that the index increase due to Er’* was neglected
due to its relatively low concentration and minor impact in
raising the final RI profile around the Al doped region. The
Al,O; and P,Os concentrations were estimated to be 8.0 mol%
and 0.3 mol% respectively. Information about the Er** ion
concentration was deduced from the 1.5 um absorption spectra
(Fig 3) and in conjunction with the absorption cross section
coefficients reported in Ref 2. Considering an attenuation
coefficient of 230 dB/m and an absorption cross-section at 1.53
pm of 5%1072 mz, the Er’* ion concentration in the fibre was
estimated about 2500 ppm mol Er,0;.
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Figure 2. Refractive index difference of Er'* doped fibre

Additional information regarding the relative Er** ion
distribution in this fibre was obtained from the investigation of
this fibre with the aid of a fluorescence intensity based
confocal optical microscopy technique [6]. Two dimensional
cross section images (Fig 4) as well as transverse linescans (Fig
5) displaying the relative ion distribution for all elements
present in the produced fibre were also obtained from the
application of a Nano-secondary ion mass spectroscopy (Nano-
SIMS) scheme [7].

IV. RESULTS AND DISCUSSION

As evident from the set of data obtained as part of the
characterisation process (Figs 2, 4, 5), this fibre exhibits a
uniform elemental distribution in the central core region. In
contrast to the conceptualised fibre design, the produced fibre
appears to have a homogeneous RI profile with no signs of the
interleaved silica regions that were deposited in order to form
the two distinct Er** containing rings of Fig 1.
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Figure 3. Spectral attenuation of Er’* doped fibre

We believe that this attribute is due to the highly mobile
nature of Al in silica, which continued to diffuse within the
host glass matrix even after the sintering phase and the
subsequent incorporation of the extra silica layers. In a recently
published report, Tang et al studied the Al incorporation in
sintered glass layers and collapsed preforms during a multiple-
solution doping technique in optical fibre fabrication [8, 9]. By
measuring and comparing the peak Al content in the fabricated
preform cores after sintering and then after the collapse stage, it
was found that the peak Al-content in the preform core was on
average about 15% less than for the sintered glass layer before
preform collapse. They proposed that Al was redistributed
during the collapse phase, since calculations showed that the
overall Al-content in the preform core was only slightly less
than in the overall volume of the sintered layer, indicating that
Al was redistributed outwards from the centre of the core.
Although the precise mechanisms for why is this happens are
uncertain, a similar redistribution of the Al must have taken
place during the fabrication of this fibre too. It is quite clear
from the distribution profile that Al is redistributed not only
outwards from the core centre (i.e., towards the P containing
ring), but also inwards, indicating that Al mobility is
encouraged during the high temperatures of the extra silica
layers deposition and the preform collapse. This is in
agreement with previous reported data showing that alumina
particles up to 80 um in size can be dissolved completely in
SiO, within 100 s at 1855 °C [10].

More importantly, it can be observed that the RE ions have
also diffused in a similar manner to that of Al. This observation
is in agreement with past studies on RE doped silica fibres,
where it has been empirically established that Al co-doping can
be used for controlling the radial profiles of REsl. As a result,
it becomes evident that the proposed fibre fabrication method
promotes the redistribution of the Er3+ ions along the central
core region. The latter is known to be integral for the
successful operation of lasing and amplifying fibre devices.

Another clear benefit from the application of this fibre
fabrication approach is related to the production of large mode
area fibres. Manufacture of such fibres requires deposition of
many supplementary doped layers fabricated with the repeat of
the solution doping and sintering stages. This recurring process
frequently leads to the formation of undesirable artefacts such
as bubbles.



Figure 4.

With the technique proposed here, it is only necessary to
create one additional dopant layer. Furthermore, high elemental
concentration could be achieved with the implementation of the
multiple solution doping technique [8, 9]. Careful pre-selection
of the number of additional silica layers to be deposited after
the solution soaking and sintering stages can allow further
control on the final core to cladding ratio.
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Figure 5. Transverse profile through the centre of the fibre showing the
relative Al (continuous line), P (dashed line) and Er (dotted line) ion
distributions. Also shown is the RI difference (dashed-dotted line)

V. CONCLCUSIONS

A new fibre fabrication approach as part of the MCVD and
solution doping techniques was presented. It was shown that
the deposition of additional silica layers subsequent to the
solution doping and sintering stages can improve the
incorporation of Al and subsequently that of the Er** ions.

Cross section images of the relative elemental distribution obtained with the application of the NanoSIMS technique?. (a) Al, (b) P and (c) Er.
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