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Abstract. A wireless energy transmission system based on magnetic coupling resonance was put
forward for implantable device. Combining the calculation of self-inductance and mutual inductance
between the transmitting and receiving spiral coil, the paper used circuit theory to model and simulate
the characteristic of transmission system, the coil parameters including radius and number of turns
can be determined accurately. The wideband Class-E power amplifier was used to drive the
transmitting coil, its structure and working state were described in detail. Finally this paper carried on
the experimental analysis to verify the theoretical derivation and system characteristics.

Introduction

Implantable device which is embedded in the human body will play an important role in
biotechnology engineering because of its outstanding effectiveness. The key and difficult issue is how
to provide long-term, stable, efficient power, the traditional power supply mode is battery for small
power equipment, when battery power is exhausted, and patients suffer physical or emotional pain
again. For implantable devices with high power levels, implantable battery cannot provide long-term
power, scholars are trying to adopt contactless power transmission technology to design new energy
supply mode.

Wireless energy transmission system for biomedical implants has been brought into focus by
relevant researchers [1-3]. An adaptive wireless power telemetry system for a retinal prosthetic device
was presented by Guoxing, a maximum of 250mW power transmitted through an optimized coil pair
drived by Class-E power amplifier [4-5]. The core type transcutaneous energy transmission system
which applied for the implantable devices was developed in paper [6]. Paper [7] improved the
transcutaneous energy transmission system utilizing ferrite cored coils for artificial hearts. An
efficiency above 65% can be obtained within the distance comparable to the diameter of the resonator
(60.5mm), and small-sized copper coil of 3 mm of diameter was investigated [8]. SangWook
Optimized WPT system for power transfer into a small transfer of 50mm and receiver of 10mm radius
at the 50mm transfer distance [9]. A 13.56 MHz wireless power transfer system for biomedical
implants was presented by Xing Li, the measured maximum received power and efficiency were
102mW and 92.6% [10].

Wireless power transfer via strongly coupled magnetic resonances which was established by MIT is
lossless resonant coupling, comparing with electromagnetic induction [11-12], it has the farer
transmission distance and higher transmission efficiency. This paper introduces wireless energy
transmission system for implantable device based on magnetic coupling resonance, it utilizes the
Class-E power amplifier and planar spiral coils, and uses circuit theory and calculation of
self-inductance and mutual inductance between the transmitting and receiving coil to model and
simulate the characteristic of the resonant wireless power transmission system, it is worth mentioning
that quick selection of coil parameters can be achieved and the paper provides solutions for the design
of efficient broadband system, those are insufficient a little in other literatures.
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Topology of Main Circuit

Wireless energy transmission system for implantable device is divided into two parts, transmitting
unit and receiving unit. The transmitting unit is located in vitro, its HF power amplifier transmits the
transmitting coil, forming the alternating magnetic field. The receiving unit contain the receiving
resonator, energy management system and implantable device load. Fig.1 shows the structure diagram
of wireless energy transmission system for implantable device.
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Figure 1. The structure diagram of wireless energy transmission system for implantable device.

In this paper, a wideband Class-E amplifier is presented to realize frequency converter and power
amplifier, it drives the transmitter coil. The paper describes how to reduce the loss and improve the
efficiency in wideband conditions. Fig.2 shows the circuit of transmitting unit.

| [vecmNj————=——=——— I VCC

Multi- | |mosrET

' |
| I
| [ |
| | I
1t
|| N | ouT { | MOSFET |
T stage [~ half- T £
- brid I T
| I amplifier| | bridse | | Cy |
v,
! | |
| | |
} t

|IN GND

—_ e e
Signal amplification Signal isolation HF driver Class-E power amplifier

Figure 2. The circuit of transmitting unit.

The amplification of driving signal contains the signal amplification, signal isolation and HF
driver. The working state of MOSFET can be adjusted by changing the bypass capacitor, and the
optimum working frequency of designed system is from 150 kHz to 8MHz. The voltage waveform of
load and experimental photo are shown in paper.

Transmission Characteristics

The implant dimensions are often strictly limited. Combining the calculation of self-inductance and
mutual inductance between the transmitting and receiving coil, this paper model and simulate the
characteristic of the resonant wireless power transmission system.

For coaxial planar circular coils, the mutual inductance can be calculated as Eq. (1).

2 . 2
M =u NN, rlrz{(F—k)K—PE} (1)
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Where r; and r, are the coil radius, N; and N, are the turn numbers, % is the distance between the
transfer coil and receiver coil, and K and E are the complete elliptic integrals of the first kind and
second kind to the modulus & , respectively, as represented as Eq.(2), Egs.(3) and (4).

k'=\J4rr [ ((r +r ) +1) @)
> ae

K(k')=| = 3)
£ V1-k?*sin’ @

E(k)) =?\/1—k'2 sin” 8d@ (4)
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The inductance of the spiral antenna can be calculated as Eq.(5).

2.4
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Where o is the magnetic permeability, p is the fill ratio as p=(r,, -1, )/(r,, +7,), I,, is the

average radius as (r,,, +7,)/2, and N is the turn number.

ut

The Eq.(6) can be got basing on the circuit model.
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Where Z; is the loop impedance of transmitting coil as Z = joL +1/ joC, + R, , Z, is the loop

impedance of receiving coil as Z = jwL, +1/jwC,+R, . R, and R, are the resistance of the

transmitting and receiving coil, C; and C; are the resonant capacitor of the transmitting and receiving
coil, L; and L, are the self-inductance of the transmitting and receiving coil, R is the load.

The emission current /; , the power of the load and transmission efficiency can be calculated basing
on the circuit model and the equations. The relationship between the transmission characteristics and
coil parameters can be obtained. When the coil parameters have been selected, the relationship
between transfer characteristic and & can be acquired. In this paper, the transmission characteristic
with the change of the radius and turns of planar spiral coils can be presented.

However, in the actual design process, the coil parameters are unknown and should be in
accordance with the actual needs of design, combining Eq. (5) this paper determines the coil
parameters. For instance, the coil parameters can be calculated by setting fixed resonant frequency to
2MHz, transfer distance to Scm and input voltage to 12V. the turns of planar spiral coils are set from
1 to 20 as well as the step to 0.5, the outer radius are set from 4cm to 50cm as well as the step to 1cm,
the wire diameter is 2mm, and the load is set to 50Q, then the transmission characteristic with the
change of the radius and turns of planar spiral coils can be presented. Fig.3 shows the transfer
characteristic with N and radius of coils.

Three-dimensional curve of transfer characteristic which contain load power, emission current and
transmission efficiency can be achieved. In order to determine the coil parameters, sections are
selected in 3-D curve of load power with 8watts and emission current with 1.5A, For fig.3 a), the
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power of the load is 8watts on the boundary, it is less than 8watts on the right side of the boundary,
and it is greater than 8watts on the left side of the boundary. Similarly, fig.3 b) provides the influence
of N and radius of coils to emission current. According the efficiency curve of fig.3 c), the coils
parameters will be selected over 95% transmission efficiency. Finally, combining transfer
characteristic the coil parameters can be selected quickly according to specific condition.

The coil parameters are determined according to fig.3. The size of the coil is 50mm radius and 2mm
thick, the number of turns of the coil is 14.

P

R

05 0.5/
0.45 0.45-}
0.4 0,4-:
0.35 0.35
03 0.3]

'% 0.25 g_g 0.25tf
0.2 ) o.2—é
0,18} 4 0.15} !
0.1 0.1
0.05 0.05H [l

% 0 20

Figure 3. The transmission characteristic with radius and turns of coils.

Experiment Analyses

Through above system design and characteristic analysis, the coils and the circuitry are developed
to made experiment. The transmitting and receiving coil are wound by litz wire, the size of the coils
are 50 mm radius and the number of turns of the coils are 14. Set the parameters of the circuit as
shown in Tab.l. The Class-E power amplifier and planar spiral coils are utilized to perform
experiments at 2MHz.

Adjusting the main circuit parameters make the resonator and load match the emission source well,
those reduce switch wastage and make MOSFET work in ideal state.

Table 1. The parameters of the circuit.

Parameter value Parameter value Parameter value
Li/pH 16 Ci/pF 416 R/Q 0.5
L,/pH 16 C,/pF 416 R,/Q 0.5
Foud/M 0.05 Ni/N; 14 R/Q 50

The distance between the transmitting and receiving coils is Scm, the circuit system reliability is
improved in plate making and debugging, when choke coil L3 is 18uH and the bypass capacitor Cyis
611pF, the resonator and load match the emission source well, those reduce switch wastage and make
MOSFET work in ideal state as fig.4. Channel 1 is driving signal, channel 2 is the voltage of
MOSFET, channel 3 is the voltage of the transmitting coil L, channel 4 is the voltage of the load. The
state of MOSFET is shown in channel 2, it provides zero-voltage turn on for the Class-E switch.
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Figure 4. Waveform of the system.

The relationship between the driving frequency, transmission distance and transmission
characteristic including the power of the load and transmission efficiency can be established when the
coil parameters are determined, as shown in Fig.5 a) and Fig.5 b). The relationship between
transmission distance and transmission characteristic can be obtained by the test, the step is 0.01m.
Fig.5 c) shows the relationship between distance and load power, the results of experiment and
simulation demonstrate that the theoretical analysis is an effective method.
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Figure 5. The experiment results.

The results of experiment and simulation demonstrate that the theoretical analysis is an effective
method. When the coil spacing varied 5cm, the optimized efficiency of the system was about 80.32%
when the output power was 8.1watts, the optimized efficiency of the system was even from 90.4% to

95.6% when coil spacing varied from 4cm to 1cm.

Conclusion

This paper introduces wireless energy transmission system for implantable device based on magnetic
coupling resonance. It designed the wideband class-E power amplifier and provides a solution to
maintain higher system efficiency in proper working condition. The paper used circuit theory and
inductive characteristics to model and simulate the characteristic of the system, then the coil
parameters can be selected accurately. The optimized system efficiency was about 80.32% when the
coil spacing varied Scm. The efficiency of the whole system was even from 90.4% to 95.6% when coil
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spacing varied from 4cm to 1cm. For the future, whole system efficiency will be improved future, and
we will consider the miniaturization design of the coil for implantable devices.
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