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Radiation-Induced Attenuation (RIA) in optical fibres is usually considered as an
adverse effect deteriorating performance of fibre optic telecommunication and sensing
system. However, RIA can be used for Fibre-Optics Dosimetry (FOD). An important
advantage of FOD is the possibility of multi-point or even distributed dose sensing. For
this purposes we suggest to use Optical Frequency Domain Reflectometry (OFDR). We
have compared results of distributed RIA measurements performed with OFDR and
spatially integrated technique using an OSA. The measurement results in the both cases
are similar but not completely identical which we attributed to saturation of the
detection of the OFDR.

Introduction

It has been 40 years since optical fibres were suggested to be exploited for radiation
detection and dosimetry. Many researches have been conducted to find out what type of
radiation effects are generated in optical fibres under exposure, how they influence the
guided light properties and how these effects might be used for dose detection. The key
advantages of fibre optics, which have been encouraging researchers to keep on
investigating further into the optical fibre dosimetry, are the small dimensions,
insensitivity to electromagnetic perturbations thanks to dielectric nature of silica (the
material the core and cladding are made of) and the possibility to perform distributed
sensing.

The distributed measurements in optical fibres can be realized thanks to different
scattering effects which are inherent in the fibre core. The Rayleigh scattering is the
main type of scattering the most of the optical fibre reflectometers are based on. In
general it occurs at refractive index inhomogeneities which originate from frozen
density fluctuations. In case of optical fibres the density fluctuations are intrinsic to the
fibre fabrication.

In our research we investigate the use of a commercially available OFDR system for
optical fibre dosimetry. The OFDR system has two main advantages over the commonly
used optical time domain reflectometer. Firstly, it is a significantly higher spatial
resolution and the second advantage is the possibility to take distributed temperature
measurements. The latter in case of radiation exposure is crucial since the speed of the
RIA annealing strongly depends on environment temperature.

As a first step of utilisation of an OFDR system for distributed fibre optic dosimetry a
certain procedure of comparing measurement results with a standard technique must be
performed. In this paper we present the results of the two different tests where the
measurement results acquired with the OFDR were compared with those obtained by
means of OSA.
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Experiment with an Attenuator
The experimental setup is shown in
PC -~ Fig.1. It is an easy calibration method
) Optical Fibers for comparing the measurement results
Y obtained by the two different
OFDR _M 4 techniques. In the both measurements
2%x6 light from the corresponding source,
Ligl"rlt Source ﬁ e_ither the super luminescence diode
1400 — 1600 nm _ Switch 1 light source with the wavelength range
; 1400+1650 nm or the continuously
swept over 1525+1610 nm laser source
of the OFDR, was launched through a
OSA _IBT oxt g coupler into the optical fibre network.
The attenuation was introduced by a
manually controlled attenuator. The
Fig. 1 The experimental setup network also included two switches
and an additional reference fibre to

needed for the stability monitoring of the super luminescence diode (see Fig.1).
The insertion loss introduced by the attenuator measured by OSA were calculated using

the equation:
0SA _ PL(/D) <PREF1'(A)>
IL954(2) = 101log (Po(/l) 1010g =5 ),
where P;, P, — are the power levels measured by OSA at the attenuator channel and
Prer; Prer- are the power levels measured by OSA at the reference channel, the index
i stands for the i-th measurement. For the comparison an average only of the actual scan
range of the OFDR was taken into account.
The OFDR measurements were made by comparison of the Rayleigh scattering average
levels of two segments before and after the attenuator. The equation used for calculation
of the insertion losses can be written as [1]
OFDR _ Py — Pg
IL; —510g(PO_PB),
where the Py, Py, - averages of the Rayleigh backscattering levels before and after the
attenuator.
The comparison of the results obtained by the two techniques discussed above is shown
in Figs. 2 and 3. It is clear that the OFDR demonstrates a saturation-like dependence on
the attenuation (Fig. 2) which can be explained by reaching of the detector noise level.
The insertion loss of the attenuator was 3.7 dB. The manufacture declares in the
specification of the OFDR the total insertion losses at the level of 9 dB. This level
corresponds to the 10% deviation from the OSA measurements (see Fig. 3). Therefore,
if one is satisfied with the 10% error of the measurements the dynamic range of the
OFDR system in terms of the one-way pass insertion loss is at the declaired level of
9dB. However, if for some reason one needs a higher accuracy of the OFDR
measurements it brings a corresponding decrease of the dynamic range.
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Fig. 2 Comparison of the measurement insertion
losses obtained by means of OFDR (dash line) and

OSA (solid line)
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Fig. 4 The experimental setup
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Fig. 3 Ratio of the correspondent values of the
insertion losses

The next experiment we conducted was
aimed at measuring an insertion loss
generated by radiation exposure by
means of the two techniques in
comparison.

The experimental setup is shown in
Fig.4. The irradiation experiment was
performed at the RITA gamma-radiation
facility (*°Co source) at SCKeCEN,
Belgium. Four different highly radiation
sensitive optical fibres were chosen for
the experiment: Al-doped (5.2 mol.%)
(F-Al) and P-doped (6.5 mol.%) (F-Ph)
(fibres produced by a Manufacturer
which does not want to be named) and
two fibres were produced at the Fibre
Optic Research Centre of RAS
(FORC)(Moscow, Russia). One the
fibres produced by FORC had the core
doped with Al (8 mol.%) (M-Al)
whereas the other one had the core

doped with P (13%/mol) (M-Ph). Both the M-Al and M-Ph had pure silica cladding.
The dose rate was about 590 Gy/h, the total dose was approximately 71 kGy. The setup
was automated and controlled remotely on a PC. The temperature was set at 30°C level
and kept constant during the whole experiment. The Rayleigh-backscattering profiles
were taken via the OFDR every hour and the spectral transmission OSA measurements
were taken every 15 minutes.
The results of the experiment for the M-Al fibre are shown in Fig. 5 and 6. It is again
clearly seen that the backscattering method demonstrates faster saturation of the
detector due to lower dynamic range. The inherent insertion loss for one way pass of the
network up to the distance at which the measurement P; was about 4 dB. The latter
means that the 10% error is reached at about 11.5 dB. However, it does not explicitly
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Fig. 5 Comparison of the measurement insertion Fig. 6 Ratio of the correspondent values of the
losses obtained by means of OFDR (dash line) and insertion losses, the M-Al fibre
OSA (solid line), the M-Al fibre

denote the fact that the OFDR has a higher dynamic range in comparison to what was
stated in the specification (9 dB, see above). When an optical fibre is exposed to gamma
radiation it might also change the Rayleigh backscattering level increasing it, though
the magnitude of its raise is negligible comparing to RIA and is often obscured by the
latter. The rest fibres demonstrated similar behaviour.

Conclusion

We have conducted two sequential experiments which were aimed at clarifying the
comparability of the measurements taken by means of an OFDR with the spatially
integrated transmission spectra detection taken with an OSA. Both techniques
demonstrated a reasonable similarity in results, though the OFDR detector had a lower
insertion loss dynamic range which resulted in its early saturation. This can be clearly
seen from the figures. However, there was also observed a slight decrease of deviation
of the OFDR measurement under radiation. We have inclined to think about it as a fact
demonstrating increase of the Rayleigh backscattering under radiation. However,
addition experiments are needed to be performed to prove this fact.
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