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ABSTRACT

This work presents a study of high-performance capacitive sensors based on a novel design of interdig-
itated electrode structure. In the proposed layout, electrodes are placed out of plane and the bottom
electrode is a mixed interdigitated-planar plate electrode. Thanks to this layout, the sensor sensitivity
is significantly enhanced. This structure has been characterized as humidity sensor manufactured by
printing techniques on a flexible substrate. In particular, the sensitive layer is made of cellulose acetate
butyrate deposited by screen printing, using silver ink to define the interdigitated electrodes. The capac-
itance is in the range of hundreds of pF with an area of 95.5 mm? at ambient conditions. The response of
this sensor shows a sensitivity substantially dependent on the frequency but this sensitivity is considered
to be enough to use this device as capacitive sensor in the whole range of frequency studied, for example
5 pF/%RH at 1 MHz. Further characterization was carried out to study the reliability of the manufacturing
process and to measure the effect of temperature in the determination of the relative humidity (RH). The

capacitive humidity sensor showed a thermal dependence of 0.39%RH/K at 1 MHz.

© 2017 Elsevier B.V. All rights reserved.

1. Introduction

Capacitive structures are one of the most common approaches to
develop sensors due to their low energy consumption [1,2]. Due to
this fact, different strategies have been followed to improve their
performances such as modifying their geometry. Specifically, the
most common structures are the planar parallel plate [3]| and the
interdigitated electrode (IDE) [4-6]. The former is characterized
by the simplicity of its geometry and the ease of modelling and
calculation. The latter structure presents very different and inter-
esting features such as one-side access (the other side can be open
to the ambient), control of signal strength by easily changing its
dimensions, simpler and more economical fabrication than paral-
lel plate (it only requires one layer), in most cases a 2D modelling is
sufficient, and a wide usable frequency spectrum [7]. Moreover, it
has been fabricated with different materials and following different
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manufacturing processes, from integration in semiconductor dices
to printing on flexible substrates [8-11].

Several strategies have been followed to improve the sensitivity
of interdigitated electrodes [12-14], such as geometrical changes.
Kim et al. [15] presented a hybrid IDE-parallel plate capacitor, that
is to say, they performed a capacitive structure where the bottom
electrode is a planar plate and the top electrode is a single inter-
digitated electrode with branches. Following a similar philosophy,
the structure analysed in this work is a capacitor based on the IDE
layout but with a multilayer structure, where the interdigitated
electrodes are not in the same plane and the bottom electrode
is connected to a planar plate. Therefore, the bulk capacitance is
increased as well as the electric field lines between electrodes.
Obviously, the complexity of the fabrication process is increased
but the enhancement of the sensitivity justifies this drawback. The
sensitive element is a polymer deposited on the electrodes and
around them. These interdigitated electrodes enhance the capac-
itance due to their asymmetrical construction and the location
out-of-plane of the electrodes in z-axis.

In particular, we have characterized this capacitive sensor as
a humidity sensor by the deposition of a sensitive to moisture
polymer content around IDE. Concretely, we have chosen cellu-
lose acetate butyrate (CAB), a well-known sensitive material for
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Fig. 1. Capacitive sensor design. (a) 3D view, (b) lateral view.
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