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ABSTRACT

Test results of residual passive components of fibre optic systems (apart from optical fibres), such as
connectors, couplers, wavelength division multiplexers (WDMs), and optical glues are presented. Most of the
components were only irradiated at a *°Co gamma ray source with a dose rate of about 0.2 Gy/s up to a final
dose of 100 (integrated optic devices) or 10" Gy (fibre optic components).

Direct connectors can contribute < 0.3 dB to the total loss (10* Gy), compared with 0.3 to 0.6 dB for lens
connectors.

The measured coupler inherent losses were between about 0.01 dB (fused coupler, high OH multimode
stepindex fibres, A = 865 nm) and about 50 dB (coupler made of GRIN lenses, A = 865 nm).

Fused WDMs showed negligible loss increase at the high power outputs and an increase of output power of up
to several dB at the isolating output, as well as shifts of the isolating and throughput regions between about 5
and 14 nm (10°* Gy).

Optical glues of 20 to 40 pm thickness showed noticeable loss increase only for wavelengths < 500 nm
(10* and 10° Gy).

1. INTRODUCTION

In order to avoid degradation of fibre optic data transfer and sensor systems that might be exposed to ionizing
radiation, all included active and passive components have to be carefully selected with respect to their
radiation sensitivity.

Test results of active components such as light emitting diodes (LEDs), laser diodes (LDs), and photodiodes
(PDs), as well as of various kinds of optical fibres, can be found frequently in the literature.

The present contribution presents radiation-induced changes of residual passive components as, e.g., different
kinds of connectors, couplers, wavelength division multiplexers (WDMs), Integrated Optic devices, and optical
glues.

Since this overview of already published results is intended for the nuclear industry, only the for such
environments most relevant continuous gamma irradiation will be considered. Some results of pulsed
irradiations can be found in the cited literature. Continuous irradiations with fast neutrons of such components
do not exist, as far as we know.

2. EXPERIMENTAL
Connectors, couplers, and WDMs were irradiated continuously at a ®°Co source with a dose rate of about
20 rad(SiO,)/s (= 0.2 Gy/s) up to a dose of 10° rad = 10* Gy. A piece of fibre the devices were made of, or that

was used for their leads, was irradiated under the same conditions as a reference, so that it was possible to
identify the influence of the connector construction or of the coupling region, respectively.
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Integrated Optic (I0) devices (on glass, LINDO3, and LiTaOs) were also gamma irradiated with a dose rate of
about 20 rad/s, but only up to 10* rad = 100 Gy.

Some of the WDMs and the 10 devices were also irradiated with pulsed electrons, but these results are only
presented in the cited literature.

Four types of optical glues were irradiated by a group of the RWTH Aachen at the ®Co source of the
Fraunhofer-INT with a dose rate of 1.4 Gy/s up to dose values of 10* and 10° Gy.

Further experimental details can be found in the cited literature, especially in 287

3. SOME TYPICAL RESULTS

All presented radiation-induced loss curves were measured by the Fraunhofer-INT, except those of Fig. 8 that
were measured by the University of Aachen 8 after irradiations performed in the INT.

Fig. 1 shows the increase of loss with dose during the continuous irradiation of a pair of lens connectors
(curve 1) and a pair of butt-joint connectors (2), respectively, both mounted on a graded index fibre by Philips
Kommunikations Industrie (PKI) (lens connectors) and Siemens. The fibre loss is subtracted (see section 2.).
One can see that connector losses only have to be taken into account when, e.g., several lens connector pairs
are mounted in series on relatively short cable lengths that are exposed to high dose levels
(= 106 rad(SiO,)).
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Fig. 1: Radiation-induced loss in optical fibre
connectors; .
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The loss increase of the butt-joint connectors can be explained by radiation-induced swelling of the epoxy
resin, leading to disadjustment and microbending, whereas the loss of the lens connectors should mainly be
caused by colouring of the lenses. In Fig. 4 one can see that choice of unsuited lenses can lead to tremendous
radiation-induced losses.

The complete test results of several lens connector and butt-joint connector types (the latter for graded index
as well as for single mode fibres) are presented in 1.

In Figs.2 and 3 the change of output power of fused 1x2 couplers is shown. The light power of the
"throughput"-fibre mostly increases slightly, whereas the "tapoff'-fibre mostly shows a decrease of light power
of comparable size. The fibre loss is subtracted, so that we only see the radiation effect on the coupling region.
Théa masximum observed change of the output power of fused couplers was < 0.3 dB after a total dose of
10° rad”.
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Fig. 2: Radiation influence on two identical 50:50 Fig. 3: Radiation influence on three identical 50:50

Gould single mode fused fibre couplers. multimode  stepindex  fibre  couplers

A=1309nm, P =1uW, DY = 1300 rad/min, (200/280 pm, high OH core material).

T =22°C. A= 865nm, P=1puW, D, = 1300 rad/min,

1, 2: Coupler no. 1, 2; T=22°C.

---------- Throughput, Tapoff 1: Aster No. 1, 2: Aster No. 2, 3: Gould
---------- Throughput, Tapoff

The observed behaviour of fused couplers could be explained by radiation-induced changes of the refractive
index of fibre core and cladding, leading to changes of coupling ratio and excess loss.

In Fig. 4 the radiation-induced change of the output power of a 50:50 microoptic coupler is shown. The result
obtained with a second coupler was exactly identical, so that the reason for the extremely high loss of output
power can only be colouring of the lenses and not, e.g., a (not exactly reproducible) disadjustment of the fibre
leads cagsed by radiation-induced swelling of the epoxy material. Further results of microoptic couplers can be
found in”.
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In order to find out whether the transmission characteristics of fused WDMs are influenced by radiation, we
tested up to now two identical 1300 nm/1550 nm single mode fibre WDMs made by ALCATEL-kabelmetal
(Germany), as well as four identical 1300 nm/1550 nm and two identical 980 nm/1550 nm single mode WDMs
made by the Naval Command, Control and Ocean Surveillance Center (NCCOSC), San Diego (USA).
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Two of the NCCOSC 1300 nm/1550 nm WDMs were irradiated with pulsed electrons. The results are only
published in*. During continuous gamma irradiation we made two different kinds of measurements. Fig. 5a
shows the attenuation of white light at the two output ports of one of the ALCATEL-kabelmetal WDMs. The
measurements were made before irradiation (—) as well as about 30 min (--- - - ) and about 7 h (-----),
respectively, after irradiation up to 10° rad. The dose rate was about = 1300 rad/min.
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Figs. 5a,b: Radiation effect on 1300 nm/1550 nm wavelength multiplexers made by ALCATEL-kabelmetal.
a: Attenuation of white light at the two output ports of one multiplexer as a function of wavelength

before (—) as well as about 30 min (- - - - - ) and about 7 h (-----) after irradiation with 108 rad;
b: Change of output power as a function of dose of two multiplexers that are illuminated with
A=1309nm (no.1) and A=1545nm (no.2), respectively. ----- Throughput, —— Tapoff.

DY = 1300 rad/min, P <1 pW, T = 22°C.

One can see a strong increase of loss in the respective isolating wavelength region (attenuation peaks) of the
two output ports and a relatively small increase of loss in the respective transmission region. Further one
observes a distinct wavelength shift (of peak as well as minimum absorption) at one of the output ports (right
peak with left valley). A measurement that was made about 10 months after a 106 rad-irradiation of the same
multiplexer showed no wavelength shift.

Table 1 shows the wavelength shifts we have measured with two of the 1300 nm/1550 nm and the two
980 nm/1550 nm WDMs made by NCCOSC. The residual test results of these couplers are only published in *
up to now.
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Table 1: Wavelength shift AA of isolation peak (p) and attenuation minimum (m) about three hours after
irradiation with 1300 rad(SiO,)/min up to a total dose of 106 rad(SiO,).

1300/1550 WDMs
AX [nm] at
Output C Output D
WDM No. 1300 nm (m) 1550 nm (p) 1300 nm (p) 1550 nm (m)
921 229-03 +10.7 +9.6 +7.5 +4.8
930 121-03 +11.5 + 5.6 +6.6 +8
980/1550 WDMs
AX [nm] at
Output C Output D
WDM No. 980 nm (m) 1550 nm (p) 980 nm (p) 1550 nm (m)
920 923-01 +13.2 +5
910 718-07 +13.3 +9.2

Correct measurements at 980 nm were not possible (multimode fibre below cutoff wavelength of 1190 nm < A4
<1330 nm).

Fig. 5b shows more accurate measurements of the output power changes in isolating and transmission
wavelength region of the two ALCATEL-kabelmetal WDMs. Device 1 was illuminated with A = 1309 nm and
device 2 with A = 1545 nm light of highly stabilized laser diode sources. The light power was measured with a
very stable light power meter. In the respective isolating wavelength region we measured a final increase of
loss of about 0.4 dB and about 1.1 dB, respectively, whereas the change of output power in both transmission
wavelength regions is < 0.01 dB. The fibre loss is subtracted.

The possible reason for the presented radiation effects on WDMs can be radiation-induced changes of the
refractive index of fibre core and cladding.

Integrated Optic techniques allow the fabrication of very compact multiport couplers with well predictable,
reproducible coupling ratios. In ® we present more detailed test results of two couplers where the single mode
waveguide structure is made by ion exchange techniques in optical glasses.

The radiation-induced loss of such couplers is relatively high so that even pulsed irradiations with dose values
> 500 rad yield relatively reliable results °.

Figs. 6a,b show the increase of loss with dose of these two couplers for three (6a) and two (6b) different
temperatures. The Corning 1x2 coupler is made by diffusion of Tl-ions into the glass, whereas with the IOT
1x4 coupler diffusion of Ag-ions is used to increase the refractive index. With the Corning couplers both output
ports had exactly equal loss increase, whereas the output ports of the IOT couplers showed little variations of
the radiation-induced loss.
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In order to explain the relatively large loss difference between the two coupler types, one should have more
information about their fabrication process (e.g. glass quality, ion concentration).
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Figs. 6a,b: Radiation-induced loss of Integrated Optic on glass single mode couplers at different temperatures;
A=1309nm, P =1uW, D, =1300 rad/min.
a: Corning single mode 1x2 coupler (L =2.5 cm); b: IOT single mode 1x4 coupler (L = 3.4 cm).

Fig. 7 shows the increase of loss with gamma ray dose of a 1x2 Directional Coupler made by Allied Signal, Inc.
(USA). The single mode waveguide is made by P exchange in LiNbOj3, the leads are polarization maintaining
fibres (Fujicura Panda). The device is optimized for 1310 nm.

Nevertheless we first injected unpolarized light of a LED (A, = 1260 nm) in order to get an estimate of the
radiation-induced loss. The loss increase of the symmetric output ports A' and B' differed by about a factor of
two and remained < 0.006 dB/cm (device length about 3.5 cm). The tests will be repeated with polarized light
of about 1310 nm wavelength.
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More details about this device and the test conditions can be found in”. This report also contains our pulsed
irradiation results, as well as test results obtained by other NETG members with identical devices.
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The influence of continuous gamma irradiation on the optical glue Epo-Tek 305 in shown in Fig. 8. Two
samples of about 20 pm thickness (placed between thin radiation hard Fluosil SS discs) were irradiated up to
dose values of 10°and 107 rad, respectively (10° and 10° Gy). Transmission measurements were made
several hours after irradiation. Later measurements showed no annealing with all four glues tested by the
author of ®. The results of® are also presented in *. Further irradiation tests of optical glues can be found in”°.
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Fig. 8: Transmission of the optical glue Epo-Tek 305 before and after irradiation with 10° and 107 rad(SiO,).

4. SUMMARY

Our investigations demonstrate that the residual passive components of fibre optic data transfer and sensor
systems (like the optical fibres) can show sufficient radiation hardness for nearly all nuclear environments,

provided the manufacturer observes some simple rules:

butt-joint connectors should be mounted only with thin layers of epoxy resin; better: completely without.
lens connectors should be avoided, unless their lenses are made of radiation-resistant materials.

fused couplers and WDMs should be made of radiation-resistant fibres.

microoptic couplers should be avoided, unless their components (e.g. lenses, prisms) are made of
radiation-resistant materials, too.

Integrated Optic on Glass components should be made by the appropriate process (compare Corning

and IOT devices).
the radiation-induced transmission loss of nearly all optical materials decreases between 600 and
1300 nm, so that data transfer and sensor systems should use light of 1300 nm instead of e.g.,

840 nm.

Since, especially in Europe, the customer or user (and sometimes even the manufacturer) has no information
about the radiation resistance of the applied materials and processes, tests of all components of fibre optic

systems for nuclear environments are still recommended.
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