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Abstract: In this work we present the study of copper(II) oxide thin films for the fabrication of lossy
mode resonance-based (LMR) optical fiber sensors. This material has proven to be capable of
generating such resonances with a promising result. Their optimal optical properties have allowed
the achievement of a sensitivity of 7234 nm/RIU, higher than that obtained with other metal oxides
such a SnO;, indium tin oxide (ITO), aluminum doped zinc oxide (AZO) or indium-gallium-zinc
oxide (IGZO). The use of this new film may facilitate the use of LMR based sensors for applications
that require maximum sensitivity and stability.
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1. Introduction

Optical fiber has proven to be a revolutionary technology, not only in the field of
communications, but also in sensing. Several sensing techniques have been developed using optical
fiber obtaining excellent results [1,2]. In this study we focus on the optical sensors based on the Lossy
Mode Resonances (LMR). These resonances are induced when an optical waveguide is coated with a
thin film with high refractive index and relatively low extinction coefficient [3].

There are several materials capable to act as the supportive film for LMR generation (metal
oxides [1,4,5], polymers [6], etc.). Here we introduce the use of copper(ll) oxide (CuO) thin film for
this purpose. Copper oxide is a p-type semiconductor that fulfills the optical criteria for LMR
generation and is considered as a very promising material for biomedical applications [7,8].

2. Materials and Methods

Copper oxide thin films have been fabricated on 4 cm segments of uncladded multimode
optical fiber (Thorlabs FT200EMT plastic-clad 200/225 mm core/cladding). These segments were
fused to a pair of pigtails and mounted in a transmission setup as shown in Figure 1. The copper
oxide films were fabricated by means of pulsed DC sputtering under an atmospheric pressure of 2 x
103 mbar and a current of 100 mA. The spectrum was monitored during the deposition process in
order to observe the resonances and tune them in the desired wavelength. In this case, second order
resonances were chosen due to the fact that the multimode fiber setup does not allow to study the
first order LMR properly. The existence of several modes broadens the resonances and can make it
difficult to determine the peak of the resonances, which is particularly noticeable in the first order
LMR. The coated fibers were stored at room temperature (23 °C) for 24 hours before carrying any
test in order to enable the CuO film to stabilize. The use of two spectrometers (NIR 512 and
USB2000-XR1 from Ocean Optics) allows to study both the visible light and the near infrared
spectrum regions.
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The sensitive region was subsequently submerged in various solutions of glycerin (Panreac
Technical Grade) in water of different refractive index (RI). The RI of each solution was measured
using a refractometer (Mettler Toledo Refracto 30GS).
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Figure 1. Experimental setup. The CuO coated segment of fiber is the sensitive region to refractive

index variation.

3. Results and Discussion

Two different sensors were fabricated using the method described above, each with a different
copper oxide coating thickness. When the sensitive region (the CuO coated segment) is submerged
in a solution of refractive index between 1.33 and 1.41 refractive index units (RIU) a lossy mode
resonance (LMR) is observed in the studied region of the spectrum. The first sensor, with the
thinnest coating, shows a resonance in the visible light region. The second sensor has a thicker
coating, which generates the LMR in longer wavelengths. Therefore we can observe the LMRs in the
near infrared zone. In both cases (see Figure 2) the resonances shift to longer wavelengths when the
refractive index surrounding the fiber increases.
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Figure 2. Absorption spectra observed for the (a) thinner CuO film and (b) thicker CuO film coated
fibers when they are immersed in different refractive index solutions.

The central position of each resonance (resonance wavelength) has been calculated by an
algorithm in Matlab based on a parabolic fitting. Thus, we can plot the resonance wavelength of the
LMRs for each value of the refractive index of the surrounding media (Figure 3). This allows to
characterize our sensor as a refractometer. Here, it is important to note that the sensitivity of this



Proceedings 2018, 2, 893 3 of 4

device is higher when the refractive index increases. In addition, we can also see that the sensitivity
in the NIR range is considerably higher than the sensitivity of the sensor working in the VIS range.
These results agree with the ones obtained previously with different materials, since sensitivity is
depends on the wavelength range.
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Figure 3. Wavelength shift observed in each resonance: (a) Shift of the LMR tuned in the VIS range
(thinner CuO films). (b) A maximum sensitivity of 7234 nm/RIU is observed for the LMR tuned in the
NIR range (thicker CuO films).

The first sensor shows an average sensitivity of 2577 nm/RIU, while the second one has an
average sensitivity of 4928 nm/RIU. It should be noted that the sensitivity to external refractive index
variations is dependent on the position of the LMR. This explains the fact that the LMR observed in
the NIR region shows higher sensitivity than the one observed in the visible light spectrum. Besides,
we can also observe that there is a maximum sensitivity when we are working with a higher external
refractive index, as the resonance shifts to longer wavelengths. According to the previous
considerations, the maximum sensitivities for each sensor are 3900 nm/RIU and 7234 nm/RIU. It
should be noted that the resonances described here are second order LMRs. This is of high
importance because LMRs of lower order are more sensitive, so the values presented in this study
could be improved using a different setup.

4. Conclusions

Copper (II) oxide thin films have successfully proven to generate lossy mode resonances. Two
different refractometers have been fabricated using CuO working in the visible light and near
infrared spectrum. A maximum sensitivity of 7234 nm/RIU was obtained in the near infrared range.
This value is higher than the one obtained using thin films manufactured with other materials such
as ITO or SnO: in similar setups using multimode fiber. These results indicate that CuO can be a
good candidate to optimize LMR base optical fiber sensors in terms of sensitivity and widen the
range of applications of such sensors. As mentioned above, the use of a different setup (including
monomode and D-Shape fibers) would allow to study the first order resonances, which would
achieve even higher sensitivity values.
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