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ABSTRACT

This paper states wireless power transfer (WPT) from an AC power supply to a micro
implant device in human body. At first, an equivalent circuit of WPT which contains
biomedical tissue is constructed with an AC power supply, parasitic components, load
resistance, and inductances. Then a state equation which stands for the behavior of
circuit is found, and the expression of efficiency is derived as the ratio of the power of
power supply and load. Finally an experiment is conducted based on the theoretical
calculation, and the error between experimental and calculated result is computed and
examined.
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1. INTRODUCTION
Wireless Power Transfer (WPT) is frequently studied and applied for various fields, for example in-

dustry, manufacture, mathematics, medical science, and information. The basic principle of transfer has been
found in 19th century, although practical applied or productization is later. In 2007, a WPT system with mag-
netic resonance circuit whose transmitting and receiving circuits have same resonant frequency was proposed
by [1]. This study accomplished highly efficient energy transfer on the situation that a power supply and load
are put a few meters apart.

These days, many papers and articles have reported various WPT studies and practical products. WPT
for electric vehicles is cogitated from various viewpoints, for example a design of coils [2], and incorporating
solar cells [3]. Furthermore a method to drive machines is examined by actuating the rotor with piezoelectric
energy via a magnetic reluctance coupling [4]. The necessity of IoT is mentioned in these days, and hence
WPT adopting radio frequency is investigated to avoid replacing or recharging the batteries of wireless devices
in IoT [5]. Moreover, WPT for an artificial satellite in space is tried to exchange energy wirelessly without
going to space [6], and then microwave is used to send energy in greatly long distance such as this situation.

For realization to make these systems, many approaches are investigated in terms of an electric cir-
cuit, and mathematics. The resonant frequencies of all parts which compose WPT circuit are integrated, and
impedance of load is matched with input impedance to maximize power of load [7]. The coils are used to trans-
mit energy via electromagnetic field, and therefore the proper materials which are used to make high quality
coils must be chosen [8]. To maximize total power of load, a mathematical model is structured based on an
algorithmic study [9].

This paper focuses on the applications for medical science, especially the transmission of energy to a
micro implant device from outside. The effect to human body must be considered because energy is transmitted
to human body via electromagnetic field [10]. When an experiment with respect to the transmission of energy to
body is conducted, an experimental animal is used, not a human body [11]. In this paper, biomedical tissue and
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a micro implant device is modeled by an electric circuit, and a mathematical equation based on modern control
theory is made for finding an expression of efficiency. Moreover an experimental verification is conducted with
an electric circuit whose elements have practical values, and the error between experimental and theoretical
result is calculated.

2. CALCULATION OF POWER AND EFFICIENCY

2.1. Design of Wireless Power Transfer Circuit Which Contains Biomedical Tissue

In a human body, there are plasma membrane, intracellular fluid, and extracellular fluid, and they
play a role different electrical characteristics each other. Current can flow in extracellular fluid, and moreover
current which has high frequency can flow into intracellular fluid by going over plasma membrane. Therefore
intracellular fluid and extracellular fluid have resistances Ri and Re, and plasma membrane has capacitance
Cm which work as a high pass filter. In terms of this fact, these components are designed as an electric circuit
as below [12].

Figure 1. Equivalent circuit of biomedical tissue

With Figure 1, a wireless power transfer circuit for charging a micro implant device is designed as
follows.

Figure 2. Wireless power transfer circuit which contains biomedical tissue

In Figure 2, the left side is a transmitting circuit, and the right side is equivalent circuit which contains
biomedical tissue and the micro implant device. u is the voltage of power supply, R1, R2, C1, C2 are parasitic
components, L1, L2 are the antennas, M is mutual inductance, and RL is the micro implant device.
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2.2. Modeling of Wireless Power Transfer Circuit by Using a State Equation which has State Variables
Voltage and Current

From Figure 2, a state equation which has state variables voltage and current is obtained as below
[13].

ẋ = Ax+Bu, x =
[
v1 v2 v3 i1 i2

]T
(1)
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
∆ = L1L2 −M2, R3 = R2 +RL.

2.3. Definition and calculation of power and efficiency
The vector of stationary solution xss which is composed of voltage v1, v2, v3 and current i1, i2 is found

by solving the state equation (1).

xss(t) = α cosωt+ β sinωt (2)

where α = −ω(ω2I +A2)−1B, β = −A(ω2I +A2)−1B, and ω is angular frequency of u. Moreover column
vectors α and β are expressed in the following.

α =
[
α1 α2 α3 α4 α5

]T
, β =

[
β1 β2 β3 β4 β5

]T
Power transmission efficiency ηload and energy loss efficiency ηloss are expressed as follows.

ηload =
Pload

Pin
=
RL(α2

5 + β2
5)

β4

ηloss =
Ploss

Pin
=
ω2(Ri −Re)(α2

3 + β2
3)C2

m − 2ωReCm(α3β5 − α5β3) −Re(α2
5 + β2

5)

β4
(3)

where Pin is power of u, Pload is power of RL, and Ploss is power of Ri and Re.

3. EXPERIMENTAL VERIFICATION
3.1. Condition of experiment for wireless power transfer by using the equivalent circuit to suppose

power transmission for a micro implant device in human body from outside
The experimental circuit is shown in Figure 3.

Figure 3. Experimental circuit
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The values of elements are shown in Table 1.

Table 1. Values of Elements
Values of Elements

R1 465Ω R2 10.0Ω R3 97.4Ω
Ri 684Ω Re 5.37kΩ
L1 66.0µH L2 66.4µH M 9.27µH
C1 84.0pF C2 85.5pF Cm 11.7nF

3.2. Variation of efficiency versus frequency of a power supply
The variation of efficiency is investigated by changing frequency of the power supply u. The calculated

and experimental results are shown in Figure 4.

Figure 4. Variation of efficiency versus frequency of a power supply

3.3. Discussion
Figure 4 shows that the optimal frequency which maximizes efficiency is fopt = 2.65[MHz], and the

error between calculation and experiment is shown on Table 2.

Table 2. Efficiency and Error at the Optimal Frequency fopt = 2.65[MHz]
ηload ηloss

Experiment 6.85 × 10−3 6.05 × 10−2

Calculation 7.08 × 10−3 3.41 × 10−2

Error[%] −3.19 +77.6

With respect to ηload, the experimental maximum value is almost same as theoretical value which is
found by equation (3). On the other hand, the experimental maximum ηloss is greatly different for calculation.
This error is caused by the approximation which depends on frequency and impedance.
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4. CONCLUSION
This study tried to inspect transmission of energy to a micro implant device wirelessly. An equivalent

circuit which supposes the micro implant device and biomedical tissue was designed, and an equation was found
for calculating power and efficiency. Moreover an experiment was performed to prove the appropriateness of
calculation and detect an error and cause of it.

As an approach to consider effective situation furthermore, a meat of animals should be used as a
load resistance. The influence of electromagnetic field must be considered for making some productions which
charge a micro implant device through human body.
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