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Abstract

This study aims to meet the power demand of a near field
implant in a fixed location for DBS (Deep Brain Stimulation)
devices. In this context, a WPT (Wireless Power Transfer)
system using LCC-C compensation is proposed. With LCC-C
topology, the battery of the DBS device can be efficiently
charged at low power levels. The operation frequency is set as
13.56 MHz, which is high enough and within the ISM
(Industrial Scientific and Medical) band standards. For the
LCC-C topology, electrical performance analysis in
simulation environment has been discussed. Based on
simulation results, the DC output voltage of 257 V is
successfully regulated in the case of optimal alignment at a
distance of 5 mm. In the simulated tissue environment, the
proposed topology exhibits a PTE (Power Transfer
Efficiency) of 12.73%. Efficiency analyses in case of
misalignment, which are among the possible conditions, are
also presented.

1. Introduction

In addressing neurological disorders like Parkinson's ailment,
essential tremor, and epilepsy, implantable DBS (Deep Brain
Stimulation) devices can be used as an effective solution where
drugs and other treatment modalities fall short [1]. DBS devices
can provide fewer side effects and higher efficiency compared to
drugs [1]. DBS devices have shown positive, stable and safe
results in the long term treatments [2].

Traditional implantable DBS devices have limited battery
capacity [3]. Depending on the frequency of use, they need to be
replaced at certain intervals. This need for replacement in
traditional batteries also brings infection risks and cost
disadvantages as it requires surgical intervention [2]-[4].

Traditional DBS batteries are placed in the chest area [5]. This
placement creates a disadvantage in terms of patient and
operation time since it requires a two stage surgical operation [5].
Thus, the large battery and long cables negatively affect patient
comfort.

Thanks to WPT (Wireless Power Transfer) technologies,
rechargeable batteries with smaller size and capacity can be used.
Thus, head mounted DBS systems, which is not required surgical
operation with anesthesia, can be implemented for the patients.
Recently, head mounted DBS systems have been studied in the
literature [6], [7].

Based on these studies, the ability to charge miniaturized DBS
systems that can be implanted in the head region with WPT
provides a number of advantages such as potential adverse effects
of anesthesia, eliminating the risk of infection during the
replacement of traditional DBS batteries, eliminating aesthetic

concerns due to battery size, eliminating the discomfort caused
by cables passing over the neck.

WPT systems have gained popularity due to the advantages of
rechargeability of implantable devices. Many studies have
focused on the development or utilization of WPT systems in the
field of DBS [6]-[8].

WPT is created using coils with weak coupling, the use of
compensation circuit is important to achieve higher efficiency [9].
In inductive coupling, power transmission can be enhanced by a
resonant capacitor. Magnetic resonant coupling topologies can be
basically classified into four groups: Series-Serial, Series-
Parallel, Parallel-Serial and Parallel-Parallel [3].

In addition to basic topologies, there are also hybrid topologies
developed in the literature. Hybrid topologies such as LCC-C
have the potential to eliminate the disadvantages faced by
conventional topologies [10]. At the same time, they can stand
out with their advantages such as voltage regulation capability
and freedom of control [11]. In [12], LCC-C topology is
compared with SS topology. The system is compared by changing
the load resistance under ideal conditions. In this comparison, the
ability of the SS topology to provide constant current and the
tendency of the LCC-C topology to provide constant voltage are
observed and it is concluded that the LCC-C configuration is
more favorable for low power transfer.

Given the limited space requirement of implanted DBS
devices, the LCC-C topology has the advantage of having only a
series connected capacitor at the receiver side. This topology has
been used as a preferred option for near field implantation [6]

The 13.56 MHz frequency is situated within the ISM
(Industrial, Scientific, and Medical) frequency band, has been
selected as the operating frequency, and this frequency has been
frequently used in implantable WPT systems [7], [13].

Some studies in the literature on WPT systems operating at
13.56 MHz frequency developed for implantable devices were
examined. In similar study, WPT implants placed in the head
region at a frequency of 13.56 MHz utilized LCC-C topology for
efficient power transfer over a distance of 10 mm within the tissue
[6]. In [6] and [7], complex designs with three and four coils for
efficient power transfer in weak coupling are proposed. In this
study, a simpler WPT system using only two coupling coils is
proposed. As a placement location, it is proposed to be placed on
the parietal bone at a distance of 5 mm in a soft tissue
environment.

The 3D design and magnetic analysis of the coupling coils
were carried out using ANSYS software. Subsequently, electric-
magnetic common simulation has been carried out to test Power
Transfer Efficiency (PTE) performance of the proposed WPT
system.
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2. Proposed WPT System Design

As an alternative to conventional DBS devices, the concept
design shown in Fig. 1 is proposed. Fig. 1 (a) shows the layout of
the proposed DBS circuit on the head. Fig. 1 (b) shows the LCC-
C compensation circuit. This design involves an arrangement in
which the receiving implant coil is placed on the parietal bone
tissue in an adipose tissue environment. Detailed modeling of the
tissues is shown in Fig. 2 In the design, using the WPT technique,
the power induced on the receiver coil is transmitted through short
cables to a stimulation module called IPG (Implanted Pulse
Generator). The IPG module includes basic modules such as
battery, power control, communication and stimulation. The
design includes an arrangement in which the IPG is positioned at
some distance from the coil to minimize magnetic interference
from the metal parts of the IPG module and to maintain the
thinness of the IPG module. This will provide a more
advantageous positioning compared to through the neck systems.
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Fig. 1. WPT system (a) Configuration of the proposed
conceptual WPT system for DBS and (b) LCC-C topology

The IPG module basically consists of two parts. First, a small
rechargeable battery, which stores the wirelessly transmitted
energy to keep the IPG running continuously. Second,
miniaturized electronic circuits to fulfill the stimulation function

of the IPG. In this work, we focus on the design of an efficient
WPT utilizing the characteristics of constant output voltage at low
power levels. The Power Amplifier (PA) generates a sinusoidal
voltage at 13.56 MHz, which is then applied to the LCC-C
compensation circuit depicted in Fig 1 (b). The input voltage is
indicated as Uin and the input impedance as Zin. Lp is the
transmitter coil and Ls is the receiver coil. These two coils are
connected with a weak coupling coefficient k2. On the
transmitter, the LCC compensation network consisting of L1, Cy,
Cr. On the receiving side, the compensation capacitor Cs is
connected in series with the coil Ls. The induced AC voltage is
rectified by diodes D: and Dz. In the system used, the
simultaneous use of a diode rectifier and a voltage doubler circuit
provides a boost regulation effect rectifier output. The out voltage
Vo, filtered by the capacitor Co, is transmitted to the battery
charging module, which is assumed as the load.

2.1. Design of Coupling Coils
Especially for implantable devices, efficiency is important at

high frequency and low power levels in a limited space. In order
to ensure targeted efficiency, the quality factor, the coupling

factor, the coil wire parameters should be taken into
consideration. Quality factor (Q) can be written as follows:
Q= Phear )

RCoil

Where (0 is the angular frequency, Rcoil is the resistance of a coil,
Lcoil is the inductance value of a coil.

The coupling coefficient (k) factor indicates how effective the
magnetism between the coupling coils and it can be written as

ke M @

The coupling factor varies in the range 0 <k < 1. Here M is the
mutual inductance between the coupling coils. Lp, Ls are the
inductances of the transmitting and receiving coils, respectively.

Skin effect (8) is also important parameter to reduce conduction
losses of the coupling coils, especially at high frequencies. The
skin effect can be written as
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In this context, & represents the depth of immersion, p represents
the magnetic permeability of the conductor, p stands for the
resistivity of the material, and f represents the operating
frequency. Due to space constraints, the receiver coil is designed
in a small size of 5 mm in diameter. A design with two coils built
on the FR4 board is presented. Inductance values, coupling
between coils and internal resistances of the coils were extracted
by ANSYS simulation.

In implantable WPT studies, the power transfer distance was
realized at different distances depending on the depth of the
implant [6], [14]. In this study, skin, brain, fat layer and parietal
bone tissue layers were considered. The thickness of these tissues
can vary from person to person [13], [15], [16]. Biological tissues
were modeled on a tissue basis according to the data given in
ANSYS software [17].



The position of the receiving coil is planned to be above the bone
tissue. The power transfer distance between the coils was
determined as 5 mm. Fig. 2 illustrates the cross-sectional
positioning of the modeled tissues.
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Fig. 2. The cross-sectional view of modeled tissues on ANSYS
software.
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Fig. 3. Coil scaling parameters

Fig. 3 shows the scaling parameters of the transmit and receive
coils. Simulation and design parameters are Table 1 shows.
Here, N represents the number of windings, and t denotes the
thickness of the PCB path.

Table 1. Simulation and design parameters of the coils

Parameter Lp Ls
L(uH) 5.774 0.1308
R(Q) 1.724 0.193

D(mm) 255 5
S 0.5 0.35
N 20 5
W(mm) 0.3 0.2
t(mm) 0.035 0.035

The sliding motion of the coils in the horizontal and vertical
axes is simulated for imperfect conditions. In the vertical axis, the
coil distance ranged from 5 mm to 10 mm. In the horizontal plane,
the misalignment tolerance ranged from 5 mm to 10 mm. The
graph showing the coupling change is given in Fig. 4.
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Fig. 4. Coupling variation obtained due to position change in the
vertical and horizontal plane

2.2. The LCC-C Compensation Topology Design

The circuit schematic of the WPT circuit with LCC-C
topology, is depicted in Fig. 5. On the transmitter side, the an
LCC compensation network, comprising L1, C1, and Cp elements,
is employed to compensate for reactive power. At the receiver
side, Ls coil is serially connected with the Cs capacitor. The
circuit model also includes the coil resistances that occur under
non ideal conditions; Ri1, Rip and Ris are the expressed values.
RLoad represents the output load. In the analysis, the output load is
50 Q and R resistance is 0.2 Q. When obtaining the DC voltage,
the forward voltage of diodes D1 and D2 is assumed to be 0.3 V.
Uac represents the voltage across the resistor at the topology
output.
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Fig. 5. The LCC-C compensation circuit model
For zero phase angle operation of the circuit, calculations of

the circuit parameters are extracted as given in [18].
Based on [18], obtaining the inductance L1 can be written as

L, =kU, /ﬁ . 4)
RLoad Pout

Where Pout is the output power of the load. The value of the Cy,
Cr and Cs capacitors can be written as
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The PTE (n) of the WPT system for DBS is expressed as
follows:

ut (8)
Where Pout, Pin represent the power measured across the load
and the input power of the circuit, respectively.
3. Simulation Results

The LCC-C circuit parameters are calculated according to 5
mm are given in Table 2.



Table 2. LCC-C Circuit values

Parameters Value
L1 276.05nH
C1 499.03 pF
Cp 25.056 pF
Cs 1053.21 pF
k 0.051147

The DC current and voltage regulation graphs obtained on the
output load depending on the axial distance variation are given in
Fig. 6. Fig. 6(a) and Fig. 6(b) show the output voltage and the
current variation, respectively. The PTE variation of the WPT
topology is given in Fig. 7.
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Fig. 6. (a) The output voltage value and (b) current value
obtained depending on the position change in the vertical and
horizontal planes
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Fig. 7. The PTE variation obtained as a function of position
change in the vertical and horizontal planes

4, Conclusions

This paper proposes a WPT system that can facilitate the head
mount ability of DBS devices. The design and simulation of the
proposed LCC-C topology has been successfully realized and
shown to be an effective approach to achieve appropriate
electrical outputs. The designed system has a simple structure and
consists of two coils.

A near field implanted coil delivered 41.61 mW of power with
12.73% efficiency between perfectly aligned coils at a distance 5
mm. The PTE of the system is achieved as 8.40% at a horizontal
misalignment of 5 mm with a coupling coil separation of 5 mm.

At adistance of 5 mm, the simultaneous use of a diode rectifier
with a voltage doubler circuit between perfectly aligned coils
provides a step-up regulation effect resulting in DC 2.57 V and
51.3 mA at the rectifier output. With the addition of the step-up
rectifier structure to the system, the end to end efficiency was
measured as 26.06%.
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