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Abstract: Present work reports the fabrication and characterization of a flexible AIN-based
piezoelectric pressure sensor integrated, as insulin capsule punching detector, into an implantable
artificial pancreas (AP), developed as automated treatment device for Type 1 diabetes. Ti/AIN/Ti
trilayer was sputtered on a thin kapton substrate at room temperature, making the final device
flexible and sensitive to the forces range of interest (0—4 N). The proposed preliminary prototype of
AP comprises a refilling module, interfaced with the intestine wall, able to dock an ingestible
insulin capsule. A linearly actuated needle punches the capsule to transfer the insulin to an
implanted reservoir. The pressure sensor is located at the connection of the needle with the linear
actuator to sense the occurred capsule punching. The sensor waveform output was processed to
clearly identify the capsule punching.
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1. Introduction

Modern medical treatments require advanced electronic control functions. In this frame,
sensors play a key role as active element of medical devices, both for implanted devices application
or for external use, because they can provide data useful to define health states or specific processes
performance. In particular, the monitoring of specific automatized processes is very important in the
field of implantable artificial organs with the aim to assure the occurred correct operational
conditions at the base of the organ working. Implantable flexible pressure sensors represent a class
of very versatile devices with a large field of applications in medical field because they can
accomplish the tasks to measure pressure in various organs of the body (e.g., brain, eye, heart,
bladder) and to evaluate the mechanical pressure in implantable organs where it is necessary. The
aim of this work is the realization of a flexible pressure sensor to integrate into an implantable
artificial pancreas which comprises a refilling module, interfaced with the intestine wall, able to
dock an ingestible insulin capsule. A linearly actuated needle punches the capsule to transfer the
insulin to an implanted reservoir. The pressure sensor must be located at the connection of the
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needle with the linear actuator with the aim to sense the occurred punching of the insulin capsule by
measuring the punching force.

2. Materials and Methods

The Ti/AIN/Ti trilayer has been sputtered from high-purity (99.999%) Ti and Al targets. Ti
layers have been deposited in Ar atmosphere at a pressure of 2.5 x 102 mbar while AIN in (Ar + N2)
mixture at a pressure of 4.3 x 10 mbar with Nz flux percentage equal to 60%. The plasma was
generated by applying an RF power of 150 W to both targets. All depositions have been performed at
room temperature. Ti and AIN films thicknesses were fixed at 150 nm and 500 nm, respectively.

The structural properties of the films have been investigated by X-ray diffraction measurements
(XRD) using Cu-Ka radiation in the 0-20 configuration.

Scanning electron microscopy (SEM) was used to investigate the morphology of the specimens.
A Zeiss NVISION 40 dual beam FIB machine, equipped with a high resolution SEM Gemini column
and an Oxford 350 x-act EDS spectrometer, was used for the experiments.

The device has been realized by optimizing conventional cleanroom processes (i.e.,
photolithography and dry etching techniques) to overcome limitations of flexible substrate
integration with IC. To facilitate the fabrication steps, kapton foil has been attached on silicon
substrate by a PDMS adhesive layer. After the resist removal, kapton substrate was mechanically
detached from silicon support and it has been cut by a metal blade to define the final geometry of the
flexible device.

The characterization of the sensor, in terms of generated electric charge under mechanical
deformation, was conducted in quasi-static method [1].

3. Results and Discussion

3.1. Structrural and Morphological Characterization of the Piezoelectric Thin Film

The piezoelectric response of a film of AIN is guaranteed when it grows along c-axis direction,
hence structural analysis is aimed to verify the preferential growth of the film along (0002)
crystallographic orientation. Figure 1 shows the XRD spectrum of the bilayer AIN/Ti bottom
electrode sputtered on kapton substrate.
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Figure 1. XRD spectrum and SEM image (inset) of Ti/AIN bilayer sputtered on kapton substrate.

It confirms the film growth along c-axis with a slight shift of (0002) diffraction peak towards
higher 20 angle respect to bulk 20 = 36.03° value, indicating a film growth under tensile stress
(in-plain compressive strain) due to unit cell distortion. In the inset, an image obtained by SEM
analysis evidences the columnar and dense structure of the sputtered thin films as well as the grain
morphology of the surface; moreover, the flexibility of the film deposited on kapton is well
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remarked, without the presence of cracking phenomena, nodal requirement for its integration into
the final piezoelectric device.

3.2. Design and Fabrication of the Piezoelectric Pressure Sensor and Characterization by Quasi-Static Method

As previously reported, the piezoelectric pressure sensor was designed to be integrated into an
implantable artificial pancreas. Figure 2a depicts the preliminary prototype of the artificial organ [2]
and the yellow circle defines the area where the pressure sensor must be located.
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Figure 2. (a) Preliminary prototype of the implantable artificial pancreas; (b) image of the fabricated
piezoelectric pressure sensor on kapton substrate.

As described in Figure 2a, the prototype comprises a refilling module, interfaced with intestine
wall, able to dock an ingestible insulin capsule. A linearly actuated needle punches the capsule to
transfer insulin to an implanted reservoir. The designed piezoelectric pressure sensor is located at
the connection of the needle with the linear actuator to get confirmation of capsule punching by
measuring the dynamic force change. Therefore, the circular geometry and the inner and outer
diameters of the electrodes have been designed according to the size of the needle-actuator shaft
connection (Figure 2b). Preliminary measurements have been performed to verify the piezoelectric
response of the designed pressure sensor at the frequency and force range of interest. Figure 3
depicts the electrical output as function of the applied force on the active area of the device at two
different frequencies, 1.8 Hz (a) and 2 Hz (b).
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Figure 3. Electrical output of the piezoelectric pressure sensor as function of the applied force on the
active area at different frequencies, (a) 1.8 Hz and (b) 2 Hz.

The piezoelectric pressure sensor exhibits a promising response when mechanically deformed
under loads and frequencies typically involved in the investigated application. The slope of the fit
curves provides the evaluation of the dss piezoelectric constant of AIN thin film by comparison with
a reference sample with known piezoelectric coefficient, in the same experimental conditions. This
procedure of the quasi-static method permits to obtain a more accurate result. The evaluated d33
piezoelectric constant value is about (4.6 = 0.3) pC/N, in accordance with the range values reported
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in literature for AIN thin films deposited on rigid substrate (4.5-5.3 pC/N) [3,4]. It should be noted
that the piezoelectric coefficient values obtained from thin films deposited on flexible substrates are
generally lower than those measured from AIN films realized on rigid substrates (i.e., 2.6 pC/N [5]).

4. Conclusions

A flexible piezoelectric pressure sensor, based on sputtered AIN thin film, has been designed,
fabricated and characterized, with the aim to integrate it into an implantable artificial pancreas. The
functional characterization of the device, in quasi-static mode, proved the reliability of such
fabricated sensor, indicating that it is able to measure dynamic forces up to 4 N at a frequency range
between 1 Hz and 2 Hz, as requested for the specific application, in a very promising way. This
study provides a concept of device design with an easy fabrication method for potential applications
in wearable and implantable electronic field.
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