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This paper presents a new piezoelectric-based ultrasonic micro-
generator to supply the required power of implantable medical
devices in the human body. Unlike previous ones, this structure uses
sound waves with higher frequency to extract energy. Despite the
smaller dimensions, the extractable power of the micro-generator
was increased. Using aluminum nitrate instead of toxic materials such
as PZT in the structure of the designed microgenerator made it more
compatible with the human body and the environment. The presented
design occupies only 15.7x106 cm?3 and can produce 260 uW under
the applied acoustic pressure of 1000 Pa at the frequency of 1.158
MHz. Various simulations were performed in the COMSOL software to
evaluate the performance of the proposed micro-generator. In
addition, simulation results were verified by the values obtained from
the theoretical and numerical analyses. According to the obtained
results and other salient features, the proposed structure is a suitable
candidate for use in implantable medical devices in the human body.
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EXTENDED ABSTRACT

Introduction

In recent years, implantable medical devices (IMDs) have gained much popularity due
to their salient features and direct impact on increasing the quality of human life. The size
and weight are the most challenging issues in the design of such devices since they should
not hinder patients’ daily activities. Therefore, researchers have devoted all their efforts to
optimize the specifications of IDMs. Using a micro-generator to wirelessly produce the
required electrical energy from the patient’s activities and its surrounding environment is
one of the most effective solution for reducing size and weight. Various technologies such
as photoelectric, thermoelectric, electromagnetic, electrostatic, and piezoelectric are
exploited to convert environmental energy into electrical energy. By considering all the
advantages and disadvantages, it can be concluded that piezoelectric transducers are the
most suitable transducers for converting ambient fluctuating energies into electrical
energy. This paper presents a new piezoelectric-based ultrasonic micro-generator to supply
the required power of implantable medical devices in the human body. Unlike previous
cases, this structure uses sound waves with higher frequencies to extract energy. Despite
the smaller dimensions, the extractable power of the micro-generator increased. Using
aluminum nitrate instead of toxic materials such as PZT in the structure of the designed
micro-generator made it more compatible with the human body and the environment. The
presented design occupied only 314 mm? and could produce 260 pW under the applied
acoustic pressure of 1000 Pa at the frequency of 1.158 MHz. Various simulations were
performed in the COMSOL software to evaluate the performance of the proposed micro-
generator. In addition, simulation results were verified by the values obtained from the
theoretical and numerical analyses. According to the obtained results and other salient
features, the proposed structure suitable for use in implantable medical devices in the
human body.

Methodology

For increasing the amount of the extractable power, a circular membrane whose edges
were completely fixed to a cylindrical frame was used to construct the proposed micro-
generator, as shown in Figure 1. This structure created greater stress on all edges of the
membrane. The presented design was a piezoelectric energy extraction device based on an
acoustic resonator in micrometer dimensions, which included a fixed cylindrical frame, a
circular microplate as a membrane, and a piezoelectric layer deposited on it.
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acoustic pressure

Figure 1. Structure of the proposed micro-generator.

The working principle of the structure was that the circular micro-plate vibrates by
applying external sound in the fixed frame. In this way, the stress is applied to the ALN
piezoelectric, and a potential difference is created at its output terminals, which can be used
for storage in the battery. The physical characteristics of the materials used in the design of
the micro-generator are given in Table 1.

Table 1. Physical characteristics of the materials used in the design of the proposed micro generator.

Material Physical characteristics
Si Density = 2329 Kg/m3
Young's modulus = 170x10° Pa

Poisson's ratio = 0.28
ALN Density = 3300 Kg/m3
Young's modulus = 340x10° Pa

Electrical permittivity =9

The height of the cylindrical frame was proportional to the wavelength of the audio
signal used, i.e. 500 pm, and its radius was 100 pm. The material of the body of this
cylindrical frame and membrane were silicon while the interior space was assumed to be
air. It is noteworthy that the radius and thickness of membrane were correspondingly 100
um and 2 pm. Piezoelectric was deposited at the edges of the membrane where it was fixed
to the cylindrical frame. By doing so, the maximum amount of energy could be extracted
since the mentioned point had the most stress rate. The material of this Piezoelectric was
ALN and its thickness and area were respectively 1 pm and 11304 pm?.

Results and discussion

The Performance of the proposed micro-generator structure was evaluated using the
COMSOL software. It is worth noting that this software is a robust simulation environment
that allows researchers to get as close as possible to the final design before the physical
testing by involving the impact of the near all effective parameters. Currently, many
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prestigious universities and companies in the world, such as NASA, General Electrics, and
Millipore use COMSOL software to carry out their industrial and research projects.
According to the simulations, the natural frequency of the structure was 1.158 MHz and the
maximum extractable power of 268.7 uW was achievable at this frequency.

Frequency Response : Voltage & Power
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Figure 2. Extractable power in the natural frequency range.

Based on the mathematical calculation carried out in the current research, the natural
frequency value of the structure can be derived from following equation:

A h E )
f _Z¥[12p(1—vz)j ()

By subsuming parameter values in this equation, the natural frequency of the
structure obtained was 1.052 MHz. It is obvious that the theoretically calculated value had
very acceptable agreement with the simulation results. The little discrepancy in the
results could be ascribed to variation of the Young's modulus of membrane due to
piezoelectric deposition.

In general, based on the obtained results, the presented structure had the capability of
producing higher electrical power despite its smaller dimensions with respect to the
previous works.

Conclusion

In the present research, a piezoelectric based micro-generator was proposed to supply
the required power of the biosensors. In this structure, ALN was used for depositing
piezoelectric sensors due to the greater compatibility of it with the body regarding the
conventional ones. The designed structure had a volume of 15.7 x 10¢ cm3 and could
produce 260 pW power under an acoustic pressure of 1000 Pa at a natural frequency of
1.158 MHz. According to the calculations and simulations, it can be concluded that the
presented structure is capable of producing high voltage and power in small dimensions,
making it more suitable choice to be embedded in future biosensors.
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