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Abstract: One of the most important applications of bioelectronics is to improve health and increase the lifespan of
people through implantable devices. These types of equipment become more important and find more applications day-
by-day. To improve the performance and lifetime of these equipment inside the body, they must have a stable energy
supply. Batteries can save energy, but they must be replaced by passing the time, and this causes resurgery and extra costs
for the patient. In this regard, many efforts have been made to supply this needed energy from inside the body. In this
research, a new method for harvesting energy from the contraction movement of the diaphragm muscle is presented. In
this method, a mechanical structure is used that transfers the energy from the diaphragm movement to the piezoelectric
layer through a silicon spring. The piezoelectric layer stores the harvested energy in the electrical form.
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Extended Abstract

1- Introduction

One of the challenges in implantable devices is providing
their required energy. From a long-term perspective, their
batteries need to be replaced and recharged, so, researchers
are presenting energy harvesting from the human body.
Energy harvesting is divided into outside the body
(wearable), and inside the body (implantable). Chemical,
mechanical, and thermal energy harvesting are popular
mechanisms. Wearable electronics have problems like
power consumption, high volume, and restriction, so, a
flexible triboelectric nanogenerator was introduced.

As a thermal energy harvesting, a flexible three-
dimensional spring-like thermoelectric device (S-TED)
with double elastomeric layers and air gaps was presented.
In vivo energy harvesting increases the lifetime of
implantable medical devices, it is an attractive process and
satisfies sources of power supply in low-power
applications. The method of harvesting energy should be
stable and permanent to exempt the patients from battery
replacement surgery and reduce the costs and risks of re-
surgery. The energy was stored from internal organs in the
spring as an in vivo mechanical energy harvesting, a
triboelectric nanogenerator harvests energy from the
breathing and diaphragm, which is suitable for electrically
stimulating different neuronal structures.

The piezoelectric nanogenerators are another in vivo
energy harvesting method that is applicable for low-
frequency movements. Piezoelectric materials are a
sufficient way to directly transfer mechanical energy to
electric energy, but in general, these types of equipment
are facing important challenges that are addressed in this
research.

Firstly, the efficiency of energy transformation needs to be
improved, while balancing the energy harvesting
efficiency and the relevant harvesting technology is an
important challenge. Secondly, the verification of the
long-term operation of the organism to achieve a
symbiotic state, and the biocompatibility of the devices
require a large number of animal experiments and clinical
trials. As an energy harvester’s application the stimulation
of the vagus nerve helps the treatment of many diseases,
such as obesity, neurological and mental diseases, and
Alzheimer's. This equipment, like other equipment that

can be placed in the body, needs a battery to provide its
energy. Therefore, in this research, a biocompatible energy
harvesting system is designed to provide the energy of this
stimulant from diaphragm motion.

2- Methodology

In this study, the diaphragm muscle is chosen to harvest
energy from it, because of its strength and constant
movement. Also, from the implantable viewpoint, there is
a suitable space around the diaphragm muscle for the
harvester devices. Lead zirconate titanate (PZT) has good
results in experimental evaluations in converting
mechanical energy into electrical energy.

As a piezoelectric material, the PZT-8 satisfies the
requirements of the proposed energy harvester, especially
for in vivo and low-frequency movement. The diaphragm
muscle in its relaxed state is convex and the contraction
causes it to decrease and become an almost flat surface,
this deformation causes a force to be applied to the
piezoelectric layer.

3- Results and discussion

One of the factors that is very important in the design and
construction of energy harvesters is how much electrical
energy can be harvested from the muscle. In this article,
we have investigated these issues and the mechanical
changes and electrical outputs of the harvester To check
the accuracy of the performance, the results are shown
after 100 time periods. A graphical diagram of distributed
voltage on the piezoelectric device is represented and the
results confirm the performance of the presented model.

4- Conclusion

An energy harvester model is presented which is an
implantable piezoelectric nanogenerator (IPENG). It
harvests mechanical energy from the diaphragm muscle.
Evaluations show that this harvester can provide satisfying
energy for long-time usage and this feature presents the
design as a long-life battery to prevent multiple battery
replacement surgeries. The piezoelectric  energy
harvesting systems are compared with the presented
structures, without harming the body. The results show
that the proposed structure is suitable for supplying
implantable medical devices.
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