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Abstract—This paper presents a novel configuration for
wirelessly powered and modular implantable device fabricated
on flexible electronics. This Wireless Power Transfer based
neural implant consist of receiver antenna, power management
circuit, and shank for power transmission, recording and
stimulation. Here, the novelty of the implementation falls on the
modularity concept providing two different configurations that
helps on the customization of the implant, e.g. for different
shank lengths or antenna designs. For such modular design, two
antennas were designed, one of 13.56 MHz and another of 8
MHz that were tested electrically to measure the amount of
energy received in the receiver side and corroborate the correct
performance of the power transmission system. Both, electrical
and mechanical analysis are provided to prove the correct
operation of the fabricated device under the modelled
environment. COMSOL Multiphysics was used to model
mechanical behavior of device and find optimal material among
a dataset of materials that are commonly used for flexible
implantable devices. As a result, Parylene C, with von mises
stress of 179Mpa in bent working condition, was found as the
most suitable material. Although Parylene C is the optimal
material from mechanical point of view, in this paper polyimide
is chosen for the final fabrication of the device due to its
availability and cost-effectiveness, which provides adequate
implant-brain tissue mechanical, biocompatibility and
biointegration
Keywords— Flexible, Polyimide, Implantable electronics,
Modular design and Wireless Power Transfer.

I. INTRODUCTION
The optimal design of implantable devices requires to take
into account several factors that highly restrict the options
available in terms of biocompatibility, biointegration and
long-term operation. In addition, stimulation target site and
technique used, type and pathology to be treated among others
are constraints that difficult the approach to the design of such
devices. More specifically, cranial structure limits the access
to the brain adding complexity to the design considerations.
The recovery period after the surgery, invasiveness of the
implantation procedure and feasibility of the medical surgery
and long term operation are critically determined by the size,
flexibility, material choice and shape of the implant [1-4]. In
addition to the foregoing, the viscoelasticity of the brain tissue
presents a serious quandary. While increasing the robustness
of the implant encapsulation and materials could be initially
considered as desirable, in the practice this would trigger a
foreign body reaction as a result of mechanical mismatch
resulting on body rejection to the implant [4, 5]. Force and
tissue insertion dimpling are two factors to consider in the
design of the implant because implantation should remain

Fig. 1. Conceptual model of the implantable device with the
proposed mechanical design in similar implantation case. The
electronic design follows a modular approach consisting of three
sections: Antenna, Conditioner Circuit and Shank.

intact the surrounding tissue as much as possible [1, 2]. And
finally, the apparent recording site impedance of the
surrounding tissue which can vary during the weeks after
implantation damaging the operation of the bioimplantable
device. Addressing what was commented before, the difficult
access to the brain tissue could be overcome by using wireless
power transmission (WPT). For the mechanical matching to
the brain tissue, new approaches of flexible circuits are being
used reporting satisfactory results [1, 2]. This option is in fact
the most interesting as it is possible to reduce the foreign body
response, as reported in other author’s studies[6, 7].
Latest advances in Wireless Power Transmission (WPT)
systems have provided new opportunities for powering of
fully implantable devices[4, 8, 9]. These techniques for
wireless energy harvesting achieves some capabilities that are
especially important for the design of brain implants,
avoiding the negative effects of wire-based powering systems
as well as other numerous benefits like low size or better
geometry for biocompatibility [4, 9-11]. WPT systems are
advantageous over the conventional battery-based implants,
due to the higher degree of freedom and ease of use in
operation. Moreover, WPT allows for long term biological
integration and chronic implantation [4, 5]. Figure 1 shows
the configuration of the proposed device for this work
illustrating the idea of a wireless device that uses an
electromagnetic antenna for power reception.

Fig. 2. Schematic diagram of a WPT between two inductively
coupled antenna system in a parallel resonant circuit for a general
load. The receiver side is implanted in the brain while the transmitter
side could be attached under or over skin.

Special mention to the field of flexible materials and 3D
surfaces that has represented a big opportunity for the field of
brain implantable devices due to the excellent mechanical
properties that provide better biocompatibility with the brain
tissue[12, 13]. The main advantage of this new approach is the
improvement of the biological long-term viability of the
implant as the gap of mechanical mismatch between the brain
tissue and the device is reduced so far. Despite the attractive
opportunity of flexible circuits, electronic designs over
bendable substrates present special difficulties related to
fabrication over large areas and integration on diverse flexible
substrates. Other restrictions in flexible circuits are the
reliability and uniform operation of flexible integrated circuits
under various bending states [12]. Thus, proper
miniaturization of the circuit and components is desirable in
order to reduce this effect.
Here, a fully implantable, flexible, and wirelessly powered
device is proposed following a modular approach where every
module can be modified independently while satisfying the
electrical and mechanical requirements of the design. Here,
modularity is understood as independent designs that are
assembled together, thus giving the option of changing one of
the modules while remaining intact the rest of it (e.g. use other
different antenna for WPT like ultrasonic WPT or other
conditioning circuit). The high flexibility, wireless power
harvesting, and tiny electrical circuit allow this implant to be
adapted for both, soft injectable electrodes and/or light
stimulation [14]. Additionally, mechanical analysis have been
carried out in COMSOL Multiphysics to investigate
mechanical behaviour of the device in bend working condition
and implantation phase. For this purpose, two parameters of
device von mises stress and safety factor have been studied to
choose optimal design from mechanical points of view. The
implant is divided into three parts: (i) WPT system for the
wireless power harvesting of the implant; (ii) conditioner
circuit for the AC/DC conversion; and (iii) a shank for testing
the performance of the WPT. An illustrative model of this
proposal is shown in Fig. 1. To corroborate the theoretical
model and the real fabrication, the device was fabricated in
Dupont substrate reporting satisfactory results.

Fig. 3. Fabricated device on similar mechanical implantation case
zooming on the electronic design with components up to 1 mm size
on Dupont Pyralux substrate. The device is powered while
implantation case showing the successful lighting of the LED.

II. METHODOLOGY
The novelty of this device is based on the concept of
modularity. While most of other current available works are
ad-hoc designs [9, 14]. herein, the proposed device consists of
three independent modules: Wireless power transmission,
Signal Conditioning and shank. Those modules are
interchangeable with other designs as electronic independency
is satisfied. The WPT is enabled through inductive loop. There
are two typologies of magnetic WPT: inductive and capacitive
coupling [15]. In inductively coupled wireless power
transmission systems the inductance of one of the antennas,
typically the transmitter, is designed or measured empirically
and then, the other antenna, normally the receiver, is designed
in order to match the same resonant frequency and
consequently, inductance. The resonant frequency of an
antenna is strongly determined by the geometry. However, in
some cases, it is better to design the geometry of transmitter
and receiver coils and match them through capacitance,
mitigating the effect of the imaginary part of the antenna’s
inductance. The equivalent circuit of an antenna is as shown
in Fig. 2, from where the capacitance could be calculated
straight forward for capacitive matching. In this work, two
antennas were designed to prove the modular concept of the
implant. An antenna of 13.56 MHz was designed for the final
prototype and another antenna of 8 MHz for testing. The
parameters of the 13.56 and 8 MHz antenna designed are
shown in Table 1. The 13.56 MHz was design by a circular
geometry while the 8 MHz antenna follows a square design,
also to prove different geometric configurations. The 8 MHz
antenna was inductively coupled but the 13.56 MHz needed
tuning. For that, the theoretical inductance of the 13.56 MHz
coil was calculated as 0.992 µH. Then, the matching
capacitance of 138 pF to tune the receiver coil at 13.56 MHz.
The 13.56 MHz antenna is shown in Fig. 3.
The signal conditioner module consists of two parts: a halfwave rectifier and voltage regulator. The half-wave rectifier,

made by a simple one-diode half-wave set-up, allows an
electric current to pass in only one direction. Consecutively, a
smoothing capacitor is implemented to regulate the sharpness
of the sine wave and create a more stable signal. The halfwave rectifier consists of a Schottky diode
(NSR05F40NXT5G) with a low forward voltage drop of
maximum 500 mV connected to a smoothing capacitor (2.2
nF) in parallel, as shown in Fig. 1. After the rectification and
smoothing of the signal, a linear Low-Dropout Voltage
Regulator (NCP161) was implemented. The fabricated circuit
is shown in Fig. 3, illustrating the dimensions and
configuration of the fabricated final design.
TABLE I.

GEOMETRIC PARAMETERS OF DESIGNED ANTENNAS.
13.56 MHz Antenna
22.3 mm
Outter Diameter (⌀𝐨𝐮𝐭 )
12.3 mm
Inner Diameter (⌀𝒊𝒏 )
Wire Width
0.5 mm
Wire Spacing
0.5 mm
8 MHz Antenna
51 mm
Outter Diameter (⌀𝐨𝐮𝐭, )
41 mm
Inner Diameter (⌀𝒊𝒏 )
Wire Width
0.5 mm
Wire Spacing
0.5 mm

The shank of the device is the most flexible section to provide
fully biointegration and mechanical matching to the neural
interface. For achieving that, a model with a long shank (5 cm)
was designed, with two copper traces, one for input and other
for ground, that end up in the LED at the tip of the shank. Due
to the modular design, we can use any kind of shank length
and LEDs while it keeps the same electrical properties
specified in the last section. The most important consideration
for the design of the shank is to control the length of it in order
to have a correct power input in the terminal side of it.
For the fabrication of the device polyimide was chosen
for this work due to availability and cost-effectiveness, and
also because it provides adequate implant-brain tissue
mechanical, biocompatibility and biointegration . The used
polyimide was Dupont Pyralux AP8535R. The substrate has a
thickness of 75 µm and a copper thickness of 18 µm. For the
fabrication, it was carried out the typical chemical etching
process using the etchant Ferric Chloride. However, a dataset
off 5 materials (Si, Cu, Polyimide, SU-8, Parylene-C and
PDMS) was chosen for a mechanical simulation run in
COMSOL Multiphysics to investigate which other materials
might show better mechanical properties than polyimide. Von
mises stress tests were investigated in that section.
III. ELECTRICAL ANALYSIS
To check the electrical behavior of the circuit two experiments
were carried out: power over distance and Power Spectral
Density (PSD) analysis. In the first experiment, a transmitter
coil and receiver coil are coupled and then, the power on the
shank is measured while the implant is moved from 0 to 7 cm
with a step of 0.5 cm. The second experiment consists of doing
a frequency sweep from 0 to 14 MHz, measuring the output
power after the voltage regulator in both devices, 13.56 MHz
and 8 MHz. Data obtained (Fig. 4a) have reported a maximum
transmission range of 6 cm for the 13.56 MHz antenna with a

Fig. 4. a) Power variations depending on the distance with different
protecting resistances. b) Power Density Spectrum for antennas of 8
MHz and 13.56 MHz.

resistance of 3K3 Ohm. Regarding the second experiment, the
power spectrum density (Fig. 4b) shows that both antennas
have their resonant frequencies at 13.56 MHz and 8 MHz
respectively. Note that the LED is powered successfully
during the power transmission and due to the voltage regulator
(LDO. In [9] and [11], similar results are achieved proving the
correct power obtained in the shank of this device.
IV. MECHANICAL ANALYSIS
In this section, we have performed mechanical
characterization to find device optimal design from
mechanical point of view. The opto-electronic device has been
modelled introducing a Parylene C based substrate and copper
wirings on it. The material properties of Parylene C and
copper have been presented in Table 1. In the developed
model for this device, the total length of the device is 9 cm and
the shank is 5 cm long, with 6 mm width. Those dimension
follows a work of miniaturization, but the shank is built long
to probe mechanical properties of the Polyimide and electric
circuit printed on it. The thicknesses of the device substrate
(Parylene C) and copper wire are 75 μm and 18 μm,
respectively. To investigate mechanical behaviour of the
proposed opto-electronic device in bent condition, von mises
stress and safety factor have been calculated for the applied
perpendicular and axial loads to the device plane, respectively.
A 3D modelling based on finite element method (FEM) has
been carried out using COMSOL Multiphysics. To mimic the

bend working condition, a vertical loading force is applied
gradually on the shank plane to bend it, to achieve the
conformation that represents opto-electronic device working
condition after implantation (see Fig. 5a). The values of von
mises stress have been calculated when the tip maximum
displacement reaches to 42 mm. As seen from simulation
result in Fig. 5a, the point with maximum von mises stress of
8.043 ×109 Pa is in the copper wire in the knee part of the bent
device because the copper has higher Young’s modulus
compared to Parylene C.
The proposed design for the device should also provide lateral
flexibility and axial stiffness to survive the mechanical forces
experienced during insertion. This enables successful tissue
penetration without the need for implantation stylus or similar
stiffening devices. To investigate this, device safety factor, as
an important criterion for the insertion, has been calculated
applying an axial load to the device base (circle part) and

fixing the tip of the shank (see Fig. 5b). Safety factor for axial
loading is calculated by comparing yield stress strength and
von mises stress, using
𝑆𝑎𝑓𝑒𝑡𝑦 𝑓𝑎𝑐𝑡𝑜𝑟 =

(𝑦𝑖𝑒𝑙𝑑 𝑠𝑡𝑟𝑒𝑠𝑠 )

()

(𝑣𝑜𝑛 𝑚𝑖𝑠𝑒𝑠 𝑠𝑡𝑟𝑒𝑠𝑠 )

As can be seen from simulation results from Fig. 5b, for
this device the maximum von mises stress is obtained 97.69
MPa, considering yield stress value of 510 MPa for the copper,
therefore the obtained safety factor for this device is 5.32. The
accepted safety factor value is equal to or greater than 5 [16].
To investigate device mechanical behavior from material
point of view, substrate of the device has been modelled using
different polymers including: polydimethylsiloxane (PDMS),
Parylene C, SU-8 and Polyimide (PI). Properties of these
polymers as well as the silicon (Si), as a reference and stiff
material, are presented in Table 1. The von mises stress values
in 90° bend working condition of the device have been
calculated for substrate made by different polymers and
compared to each other (see Fig. 6). As it can be seen from
Fig. 6, the lowest stress can be obtained using PDMS instead
of PI, where the von mises stress can be considerably reduced
from 224 MPa to 0.046 MPa. But, one of the important factors
that should be considered for this device is required stiffness
for insertion. The device substrate made by PDMS will not
survive insertion force in implantation stage. Furthermore,
though PDMS exists in medical class, that meets both USP
class VI and ISO 10993, it has been reported that the curing
agent might be toxic [17]. Therefore, among the investigated
polymers, Parylene C can be chosen as the most suitable
material for the device substrate which shows lowest stress
during the device working condition.

Material
Si

TABLE II. Device material properties.
Young’s
Poisson’s
Density
Modulus [GPa]
Ratio
[kg/m3]
185
0.28
2330

Cu

135

0.35

8300

PI

3.1

0.37

1300

SU-8

2.87

0.22

1190

Parylene C

2.76

0.4

1289

PDMS

7.5×10-4

0.5

965

V. CONCLUSION

Fig. 5. Simulation result for (a) von mises stress analysis in bent
working condition of the device, the point with maximum von mises
stress of 8.04 ×109 Pa is located in the copper wire, (b) calculation
of the safety factor to investigate device mechanical behavior during
the insertion, obtained safety factor for this device is 5.32.

In this work, a new design approach of implantable devices is
proposed, using the concept of modularity. This modularity
aims to achieve customization of implants for everyone’s case.
The device was divided into three modules: Wireless Power
Transmission stage, signal conditioning and shank. These
modules can be redesigned using different WPT systems,
conditioning circuits and shanks for various stimulation
methods and designs. Two antennas were designed for the
WPT system of this device, one for 13.56 MHz and another
for 8 MHz. The signal conditioning unit implemented is made
of a one-diode half-wave rectifier set up. The fabrication of

[8]

[9]

Fig. 6. Simulation results for calculation of von mises stress for the
device substrate made by different polymers.

the device was carried out in polyimide Dupont Pyralux
AP8535R. The implant was electrically tested obtaining a
maximum transmission distance of the antenna of 13.56 MHz
at 6 cm that proves the correct performance of the control
circuit. Also, the power density spectrum (PDS) of both, 8 and
13.56 MHz was measured providing reasonable results
according to the works of [9 -11]. Finally, the simulations
carried out in COMSOL Multiphysics to investigate device
mechanical properties reported a safety factor of 5.32 for the
material choice during implantation case.
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