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 This paper presents the development of a new design method of capacitive 

power transfer (CPT) which is based on hybrid concept for Biomedical 

Implants. This method is able to improve various issues found in the widely 

used CPT system that is bipolar CPT method. Based on the ability of this 

purposed, the simulation of the CPT system has been designed to prove an 

amount of power transferred through a layer of tissue. The design used to 

validate the suggested model which to powering implanted device, and it was 

performed with 3cm square plates, which have a layer of beef with the 5mm 

thickness in between 2 coupling plate. Power signal was generated by Class 

E zero voltage switching. The Class E zero voltage switching has been 

designed to generating alternate current with the 1MHz frequency 

appropriate to the hybrid CPT system specification. 
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1. INTRODUCTION 

Wireless power transfers have been broadly explored for various applications such as electric car 

charging, smartphone charger, RFID devices, powering implantable devices and much more [1]. Wireless 

power transfers approach generally can be classified into near field and far field power transfer 

applications [2]. The near-field approach can be divided into several types which are an inductive resonance 

frequency coupling (IRFC), ultrasonic energy transfer, and near-field capacitive coupling (NCC). Previously, 

the comparison of characteristics of each type of wireless power transfers has been made by other researchers 

and based on the comparison made, every type of wireless power transfers has the advantage over other 

types [3-4]. This reason reinforces that each type of WPT can be applied according to suitability and 

requirement of the applications.  

Advancement of biomedical implants has been very successful in the creation of several types of 

implantable devices such as cardiovascular implantable devices, Cochlear, neural, retinal and more others to 

meet medical needs [5]. Each type of implantable device has its own specifications especially in term of 

power characteristics to allow then to safely operated. Some implantable device types require a biosafety 

source of electrical power to operate properly. The sealed battery as the power source of implantable devices 

can only supply the energy for a limited time [6]. The patient will experience trauma with repeated surgery 

for replacing the battery. Because of constant dependence on electrical power sources, a wireless power 

transfer method is required to overcome the limited lack of battery power source capability and this could 

able to avoid repeated surgery to replace the battery of implants [7]. 

At present, biomedical technology has been already established with both type of wireless power 

transfer, which is inductive and ultrasound power transfer, and already used for wireless power delivery for 

several implantable devices such as neural implants [8]. However, both methods have weaknesses in terms of 
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signal interference [9]. Also, since the inductive power transfer propagating power by inducing 

electromagnetic field, it is risky to interfere with other surrounding devices that sensitive to the 

electromagnetic field. Thus, reducing this kind of interference is one of the main challenges to design an 

inductive power transfer system [10].  

The capacitive wireless power transfer, on the other hand, has been used in several applications and 

has been proposed for biomedical implantable device since 2009 by Amir M. Sodagar et. al [2-11]. 

This approach was also recently used for sensing the biomedical signal as given in [12]. However, up to date, 

to the authors’ knowledge, the achievement in capacitive linkage studies is not as successful as the inductive 

link. This is because of the limited range factor of the capacitive link. NCC approaches is different to the 

inductive power transfer, in which the electromagnetic as a mechanism for transferring energy [13-14]. 

But In CPT, the electric field between both parallel transmitters and receiver plates is used as the mechanism 

for transferring energy in term of power and data. It was the solution to the IPT problem which the CPT 

approaches eliminated the relatively large electromagnetic interference from the sensitive electronic 

implantable device [15]. However, the size of bipolar CPT system are the weaknesses that need to be 

addressed in the design. In addition, the bipolar CPT system experiencing the high power loss due to low 

capacitive value at both forwarding and return path coupling plate in the power transmitting circuit. Further 

description will be discussed in the next section [16]. Therefore, this paper provides a study on the Hybrid 

CPT system to solve the size and efficiency problems of existing CPT bipolar systems. 

In general, the main objective of this paper is to present the development of a new method of hybrid 

capacitive power transfer (CPT) for Biomedical Implants. Contents of this paper are organized as follows: 

In section 2, the basic theory of the capacitive coupling power transfer in biomedical device is explained, and 

it continues to coupling plate with tissue analysis in subsection 3. The hybrid capacitive link is explained in 

section 4 and it continues to Power Management which consists the simulation on designing class E power 

amplifier with CPT applied. The drawbacks and solution of the system are discussed in section 6, 

the remaining section is the conclusion and the future development of this study. The paper summarizes the 

research needs of capacitive wireless power transfer in biomedical implantable device's technology. In order 

to improve the system, the study remains open to discover the best solution. Thus, the author prepares plans 

future work for these research and development of CPT in the biomedical implantable device. 

 

 

2. CAPACITIVE COUPLING POWER TRANSFER IN BIOMEDICAL DEVICE 

CPT approaches is a wireless power transfer scheme using a pair of coupling plate to transfer 

electrical field through a dielectric barrier. This scheme is performed by the displacement of current without 

a conductor as a medium for the transfer of charges.  

The powering system consists of pairs of conductor plate located on either side of the skin of certain 

tissue thickness, and its form a capacitive coupling which to enable the wireless power transfer [17]. 

The principle of CPT wireless power transfer is about the displacement current to transfer the power between 

two contactless conductor plates. Together with that, conduction current also induced between both plates. 

Both displacement and conduction equations are given in (1) and (2), respectively [18-19]. 

 

𝐼𝑑𝑖𝑠𝑝 = 𝜖0𝜖𝑟(𝜔)𝐴
𝜕�⃗� 

𝜕𝑡
 (1) 

 

𝐼𝑐𝑜𝑛𝑑 = 
𝑉(𝑡)𝜎(𝜔)𝐴

𝐷
 (2) 

 

For a complete circuit of power delivery to load in bipolar CPT system, two such capacitances are 

required. In order to improve the effective power delivery, displacement current should be increased while 

the conduction current needs to minimize as low as possible to reduce the power loss with considering the 

parameter of area (A), electric field €, distance (D), and relative permittivity (ϵr) in optimum values [20]. 

From the displacement current equation in (1), there are several parameters that are possible to be 

manipulated in order to increase the displacement current and at the same time to improve the power transfer 

efficiency. Among them, the parameter of electric field strength, E is the most affected one to the 

displacement current value. These parameters can improve the efficiency by increasing the transmitter 

excitation voltage and reducing the separation distance between the coupling plates. The displacement 

current value is also affected by the rate of change of the electric field. Thus the efficiency can be improved 

by increasing the operating frequency [21]. Besides that, increasing the magnitude of the electric field also 

can improve the transferring power efficiency, whereby it can be done by expanding the conductor of the 

coupling plate area [22-23]. However, all the parameters were limited by the biomedical implantable  

device specification.  
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Since the pairs of conductor plate (limited Biohazard dimension) separated D by a few millimeter 

tissues (<5mm) as the dielectric medium ϵr, σ, the power transfer strength is limited due to the weak 

capacitance values[24]. Thus, a few millimeters deep of tissues which possible to attach the receiver plate is 

under the layer of skin as illustrated in Figure 1 [25]. Besides that, the surface area of the coupling plate that 

needs to be minimized will be a challenge to obtain high power transfer values. Thus, the specific on 

designing capacitive wireless power transfer should be proposed to overcome the constraints and to fulfill the 

biomedical implantable device requirement. In designing capacitive wireless power transfer for the 

biomedical purpose, there are several particular aspects needs to be concerned, such as the element of 

Biosafety, the performance of the power delivery efficiency, range for misaligning, effective range of system 

and others [26]. 

Figure 1 illustrates the pair of coupling plate used in bipolar CPT system for biomedical implant 

devices. Bipolar CPT system requires a bigger space to accommodate the 2 receivers implanted plate. 

This matter will lead to the risk of skin tissue damage. Thus, the authors would like to propose the new CPT 

system which is a hybrid CPT system. These new design will able to reduce the size of the implanted receiver 

plate, and at the same time able to improve power delivery efficiency. Before discussing on hybrid CPT 

system, first, one needs to understand the capacitive Coupling Plate with Tissue specification. Hence the 

discussion on Coupling Plate with Tissue Analysis is given in the next section. 

 

 

 
 

Figure 1. Pair coupling plate bipolar CPT system for implantable devices Effects of selecting 

 

 

3. COUPLING PLATE WITH TISSUE ANALYSIS 

To design the capacitive power transfer for the biomedical purpose, it is important to investigate the 

characteristic of the coupling plate where this will be used as a medium for power transfer. From this 

analysis, several parameters of coupling plate such as capacitance, impedance, and constant permittivity of 

tissue can be found and will be used for the development of bipolar capacitance power transfer (CPT) for 

Biomedical Implants.  

The value of dielectric thickness, t, operating frequency, f and plate size to be used, A (A) is a fixed 

parameter in measuring and calculating parameters of coupling plate. In this work, the value of dielectric 

thickness is 0.005m, while the operating frequency is 1Mhz and size of the plate to be used is 9cm2. To carry 

the proper permittivity measurement, 20Hz-10Mhz impedance analyzer and dielectric fixture test have been 

used, see Figure 2. Capacitance measurement from 1kHz to 10MHz as shown in Figure 3. 

 

 

 
 

Figure 2. Dielectric fixture test 
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The dielectric constant can be obtained using the following (3-4): 

 

є = є0є𝑟 =
𝑡

𝐴
𝐶𝑝 (3) 

 

є𝑟 =
𝑡×𝐶𝑝

𝐴×є0
 (4) 

 

 

 
 

Figure 3. Capacitance measurement from 1kHz to 10MHz 

 

 

where , 

є = Dielectric constant (permittivity) [𝐹 𝑚⁄ ]  

є0= Space permittivity = 8.854x10-12 [𝐹 𝑚⁄ ] 

є𝑟 = (Relative permittivity) of test material 

𝐶𝑡 = Equivalent parallel capacitance value for dielectric test [F] = 641.32pF 

t = Thickness of test material [m] = 0.005m 

d = diameter of dielectric fixture test [m] = 0.038m 

Then, the following parameters can be calculated (5-6); 

 

𝐴 = 𝜋 × (
𝑑

2
)
2

= 1.1341 × 10−3𝑚2 (5) 

 

є𝑟 =
0.005×641.32×10−12

1.1341×10−3×8.854×10−12 
 (6) 

 

є𝑟 = 319.34 𝐹
𝑚⁄  є = 2.82744 × 10−9 

 

Hence, the capacitance for single coupling plate with 9cm2 size and separated by 5mm tissue can be written 

as (7): 

 

𝐶𝑝 =
𝐴є0є𝑟

𝑡
𝐶𝑝 = 5.09 × 10−10𝐹 = 509𝑝𝐹 (7) 
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4. HYBRID CAPACITIVE LINK 

This newly proposed capacitive power transfer system has only applied one active coupling 

capacitor, and use the tissue to serve as the return path for the current. This method applied both type of 

current which is the displacement current for forward biasing and conduction current for the return path. 

This method will reduce the size of the implant device and at the same time increase the efficiency of power 

transfer which the return coupling capacitive plate as in bipolar system has been remove. Figure 4 illustrates 

the hybrid CPT system for biomedical implantable devices. 

 

 

 
 

Figure 4. Class E zero voltage switching circuit [27] 

 

 

Based on Figure 4, exterior part of the system contains transmitter forwarding plate and transmitter conductor 

terminal and Class E power amplifier, while receiver forwarding plate, receiver conductor terminal, and 

implantable device are implanted part of the system. Figure 5 illustrates the general schematic of the hybrid 

CPT system. 

 

 

 
 

Figure 5. The general schematic of the hybrid CPT system 

 

 

Thus, value of reactance if f=1Mhz is (8) 

 

𝑋𝑐 =
1

2𝜋𝑓𝐶
=

1

2𝜋×1𝑀×509𝑝
= 312.682𝛺 (8) 

 

By assuming the resistance of the implant device is 50Ω, the impedance value of the circuit is equal 

to 316.65Ω Hence, the current (I) in series RC circuit value is (9) 

 

I =
V

Z
=

12

316.65
= 37.896mA 

(9) 

 

 

Thus, voltages across the implant devices in the circuit is 1.8948V. Then, the simulation of the coupling CPT 

circuit is executed based on the parameters set. Figure 6 shows the simple simulation to observe the output 

voltage and current of a coupling capacitive system. The simulation used to prove that an amount of 

displacement current flow through the coupling capacitive plate to the load. 
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Figure 6. Displacement current flow simulation 

 

 

Figure 7 presents the waveform according to the current flow in the circuit. Maximum value 

captured in the simulation is 0.038A which is close to the theoretical calculation as given in (6). Figure 8 

shows the waveform according to the voltage across the load. Maximum value captured in the simulation is 

1.9V which is close to the theoretical calculation, VL=1.8948V. 

 

 

 
 

Figure 7. Current flow in the circuit 

 

 

 
 

Figure 8. The voltage across the load 

 

 

5. POWER MANAGEMENT 

The previous section, the characteristic on the hybrid CPT design based on the biomedical 

implantable device constraint has been discussed. The specification will be a part of modeling and 

experimental validation CPT as a developing wireless power transfer to powering biomedical implantable 

devices. Determining the size of the capacitance plate at the receiver part is very important before the power 

management design is proposed. Since the receiving plate will be placed inside after the skin layer, 

the size of the plate should minimize as small as possible while small capacitance plate will cause the 

reduction of the power transmission efficiency [26]. However, it can be solved by choosing the optimum 

operating frequency and apply the appropriate impedance matching network of the power amplifier system 

will be increasing the power transmission efficiency while ensuring high frequency generated in perfect zero 

voltage switching [27].  

The study of optimization for capacitive wireless power transfers system has been covered by many 

researchers [28]. The optimization power transfers study focuses on increasing the efficiency of power 

transfers and to manage system due to misalignment of coupling plate. The power transmission efficiency 

rate for CPT depends on power signal frequency generated by the inverter. An Inverter or known as Power 
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amplifier topologies has been classified by its design named A, B, AB and C for analog designs and class D 

and E for switching design. Xiong [29] has recommended class E amplifier as its proof ability to give 

the highest efficiency with a simple switching circuit required. The class E power amplifier has two different 

types which are a Class E zero current switching and Class E zero voltage switching where both belong to 

the family of soft-switching inverters. Class E ZVS inverters known as the most efficient inverter which 

the switch closed at zero voltage conditions occurred if all components values of properly designed. 

General Class E zero voltage switching an amplifier with hybrid CPT links schematic diagram as shown in  

Figure 9 [30]. For notation simplicity and values are as shown in the Table 1. 

 

 

 
 

Figure 9. Class E ZVS with Hybrid CPT links schematic 

 

 

Table 1. Parameters for Class E inverter with π1b impedance matching 

Parameter Value  

Frequency (𝑓) 1.00 MHz 

Duty Cycle (𝐷) 50.00% 

Input voltage DC (𝑉𝑖) 12.00V 

Input current (𝐼𝑖) 0.37A 

Load Resistance (𝑅𝐿) 50.00 Ω 

Choke inductor (𝐿𝑓) 300.00 μH 

Shunt capacitor (𝐶1) 4.5 nF 

Series inductor (𝐿) 21 μF 

Matching capacitor (𝐶3) 860 pF 

Fixed coupling capacitor (𝐶2) 509 pF 

Maximum switch current (𝐼𝑆𝑀) 1.4 A 

 

 

The optimum value power of output was evaluated in which the circuit generates the zero voltage 

switching condition. The circuit was simulated using Simulink as shown in Figure 10. In Figures 11 and 12 is 

the voltage across an output load and current across an output load. The result of the simulation as shown in 

Table 2. 

 

 
 

Figure 10. Class E ZVS with Hybrid CPT links simulation 
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Figure 11. The voltage across an output load 

 

 

 
 

Figure 12. Current across an output load 

 

 

Table 2. The result of the simulation 

Result  Value 

Output Voltage (VRL) 21.39Vp 

Current Output (Iout) 0.4278Ap 

 

 

6. DRAWBACKS AND SOLUTION 

Power transfer efficiency PTE is an important value which to ensuring the final load receives 

enough power for their circuit operation. Since the CPT efficiency very sensitive to changes in the alignment 

of coupling capacitive plates, the power delivery on the receiver will be inconsistency value [31]. This is a 

challenge for researchers to find solutions to the inconsistency problems of power output. Furthermore, this 

system should be designed following the requirement of devices and the biosafety specification standard 

[32]. In order to analyze limitation of biosafety in the system, specific absorption rate (SAR) analysis need to 

be done to see the maximum limit of this design [33].  

In order to complete the proposed method of hybrid capacitive power transfer in the biomedical 

implantable device, the study remains open to discover the best solution. The improvement can be studied 

through several parts of the system, such as the feedback and regulating the operating frequency, design of 

impedance matching, and design of coupling capacitive plate [34]. Thus, an efficient and reliable way of 

capacitive wireless power transfer for implantable biomedical devices is expected as a successful outcome. 

 

 

7. CONCLUSION 

This paper is to prepare a new method of hybrid capacitive power transfer in the biomedical 

implantable device. Based on this study, hybrid capacitive power transfer systems are a new method that has 

the potential to apply to biomedical implantable devices. It was the solution to the bipolar CPT problem 

which the hybrid CPT approaches eliminated the return path active coupling plate to form the complete 

current flow in the circuit. The investigation proved that the hybrid CPT system able to deliver more efficient 

rather than the bipolar system where the total of output reactance value has been reduced significantly. 

However, all the parameters especially size and biosafety were limited by the biomedical implantable device 

specification.  

Class E ZVS inverters known as the most efficient inverter which the switch closed at zero voltage 

conditions occurred if all components values was properly designed. However, there is also an element of 

input impedance and load impedance equilibrium that needs to be ascertained to produce the maximum 

power at the output of the class e power amplifier. Since the CPT efficiency very sensitive to changes in the 

alignment of coupling capacitive plates, the power delivery on the receiver will be inconsistency value. In 

order to improve the efficiency of changing power transferred, the study remains open to discover the | 

best solution. 
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The improvement can be studied through several parts of the system, such as the feedback and 

regulating the operating frequency, design of impedance matching, and design of coupling capacitive plate. 

However, there are so many things has to master in, especially on the standard of procedure of the designing 

capacitive wireless power transfer for biomedical practice. Thus, the author prepares several plans for future 

work for these research and development. 

 

 

8. FUTURE DEVELOPMENTS 

The development of Hybrid Capacitive Power Transfer in Biomedical Implantable Device should 

have their specific modeling which is to considering every parameter which affecting the whole operating 

system. The modeling included the power management circuit, coupling capacitor with tissue, and the 

receiver part with the implant device as their load. To design the system, all the limitation in term of 

biosafety and the device requirement should be followed. To ensure the vision of bioelectronic medicine 

technology yet to come, the path for the inventor advancements in capacitive wireless power transfer is 

becoming clearer. 
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