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Abstract

Biosensing is made possible by the characteristics that multi-domain sensors, such as optical and electrochemical ones, offer over
single-domain sensors. Materials with a specific combination of properties are needed to combine such domains in a single
sensing device. In this study, fluorine-doped tin oxide (FTO) thin film is considered as functional electrochemically, i.e. as a
conductive material for a working electrode, and optically for directing loss modes. The optical and electrochemical performance
of the FTO-based optical fiber loss-mode resonance (LMR) sensor is examined. The applied potential has a considerable impact
on the LMR wavelength shift in the FTO-LMR counterparts throughout a wide potential range. It is demonstrated that label-free
Biosensing applications of the FTO-LMR technique are feasible employing streptavidin as a target biomaterial. When cross-
domain interactions are used, the dual-domain feature enables cross-verification of readouts from both domains and increases
optical sensitivity.
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1. Introduction

The sensors with these qualities can only be mass produced in small quantities and have limited scope for widespread use because
they typically require expensive, complicated, and/or advanced technology [1], [2]. Those working in many domains can be taken
into consideration as an alternative to sophisticated bio sensing devices where high accuracy and dependability are specifically
anticipated[3]. Multi-domain sensors provide the ability to apply many detection methods simultaneously to the same sensor. The
method provides for the cross-verification of results acquired in the domains [5], the enlargement of a measurement range [3], or
the measurement of several parameters [4].Electrical, optical, chemical, mechanical, or thermal interactions may be the basis for
biosensor operation [6]. In particular, optical domain sensors enable multiplexing and provide capacity for precise, quick, and
dependable.

Fluorine-doped tin oxide (FTQ) is an optically transparent material which has already been successfully applied as a working
electrode in EC setups [6]. According to our best knowledge, in contrast to ITO, the material has been used in few optical sensing
applications. The FTO-based dual-domain sensing concept has been also verified for label-free sensing of streptavidin and in the
future can be further extended to other biological or chemical targets.
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Thin film deposition and characterization

The FTO deposition was performed by magnetron sputtering in the UHV chamber with base pressure in order of 107 Pa. A 3-
inch FTO target was applied with a SnO2:SnF, composition of (97:3 wt%.). During the deposition, the samples were rotated to
ensure the maximum possible homogeneity of the coating around the exposed fiber core. To increase the temperature during the
deposition an electrical heater was additionally installed in the chamber. The pressure of the atmosphere. e in the chamber was set
to 5Pa to ensure sufficient heat transfer and enhanced homogeneity of the films due to increased diffusion of the sputtered
species. Two alternative deposition configurations were tested, where the main difference between them was the distance between
the sputtering source and fiber samples reaching 16 and 21 cm. Deposition configuration in the chamber has been described

elsewhere [7].

3. Results and discussion
3.1. Optical properties of the deposited FTO

Lo

Optical properties and thickness of the LMR-supporting thin film material are crucial for the performance of the sensors [8].
The dispersion curves of n and k for selected FTO films in the operational spectral range of the sensors are shown in Fig. 1.
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3.1. Optical properties of the deposited FTO

Optical properties and thickness of the LMR-supporting thin film material are crucial for the performance of the sensors [8].
The dispersion curves of n and k for selected FTO films in the operational spectral range of the sensors are shown in Fig. 1. For
all the cases at A < 400 nm the material shows high k, that corresponds to elevated absorption in the UV spectral range. Moreover,
in this range also high changes of n are observed. Above that range, n and k change only slightly. In the IR range increase of k can
be noticed and it corresponds to semi-metallic character of these films. Thus, it may be expected that the FTO thin films, similarly
to some ITO films. However, in the Vis range FTO is suitable for guiding loss modes .
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At higher pressure, a large amount of gas particles in the deposition chamber occurs. An increased number of particles is
followed by elastic collisions with the sputtered particles on their path from the FTO target to the substrate. Hence, the enhanced
pressure results in the thermalization of sputtered target atoms and also encourages the diffusion processes [9]. The particle
diffusion enables the deposition on surfaces that are not facing directly the target, i.e. on the back side of the substrate. This effect
is more pronounced in the case of thin substrates, such as optical fibers. Moreover, it can contribute not only to different
deposition rates but also to differences in other properties received on flat substrates and fibers. The particles deposited from
behind arrive at the surface with a different energy than those deposited directly from the front.
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Fig. 3.and 4 evolution for the FTO-coated optical fiber when surrounded by RI of deionizer water. The darker areas between the
paler once signify higher attenuation bands and the LMR appearance. The dashed lines indicate map section at the thickness
reaching 500 nm (right-top) and 250 nm (right bottom). A similar effect of target-substrate distance was also observed in the case
of ITO films. The effect is attributed to different energy flux to the substrate which influences the growth of the film with a
different fraction of crystalline phase in an amorphous film matrix . The same mechanism is expected also for FTO. The results
for the sensor in the reflective configuration presented

previously in Fig. 2(B) are shown in Supplementary Information where the RI sensitivity is also reported. Importantly, both the
presented configurations can be applied to the same extent after adjusting deposition parameters.

Conclusion

The sensors with these qualities can only be mass produced in small quantities and have limited scope for widespread use because
they typically require expensive, complicated, and/or advanced technology [1], [2]. Those working in many domains can be taken
into consideration as an alternative to sophisticated bio sensing devices where high accuracy and dependability are specifically
anticipated. Multi-domain sensors provide the ability to apply many detection methods simultaneously to the same sensor. The
method provides for the cross-verification of results acquired in the domains [5], the enlargement of a measurement range [3], or
the measurement of several parameters [4].Electrical, optical, chemical, mechanical, or thermal interactions may be the basis for
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biosensor operation [6]. In particular, optical domain sensors enable multiplexing and provide capacity for precise, quick, and
dependable.
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