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Abstract— In this paper the wireless recharging of pacemaker’s battery for biomedical implant is considered.
The Square PCB receiving coil for Wireless power transfer system is found suitable to achieve higher coupling
coefficient between primary and secondary coil. The coil is embedded inside the biomedical implant. The coil
trace (w), pitch(s), thickness (t), number of turns and outer diameter (D) are the key parameters in designing the
square PCB coil for higher coupling coefficient. The experimentation in simulation environment is carried for two
low frequencies as 20 kHz and 300 KHz to comply EMF safety standard limits for biomedical application. The
experimental results by simulation are presented for 1KQ load. Power transfer efficiency for 20 KHz is 69.40%
and 300 KHz it is 99.67%. It is observed that the power transfer efficiency is higher for higher frequencies.
Keywords—Wireless power transfer, pacemaker, Coupling Coefficient, Resonant Inductive coupling, power
transfer efficiency

. Introduction

Wireless Power Transfer (WPT) is the technology that enables a power source to transmit
electromagnetic energy to an electrical load across an air gap, without interconnecting cords. This technique
is rapidly growing and is applicable to the domains, including industrial applications consumer products and
biomedical implant. Biomedical implanted devices are becoming popular in health and medical applications in a
wide range of areas, such as, cardiac pacemakers, retinal prosthesis, cochlear implants, defibrillator, smart
orthopaedic implants, and artificial hearts etc. The traditional approach of supplying power to these devices is
implantable batteries, bio-fuel cell and percutaneous links. However, any battery has limited energy storage and
life span, similarly bio-fuel cell has low output power and percutaneous links are susceptible to infection and
reliability problems [1]-[6][21].

The current implantable devices available in the market consist of non rechargeable large sized batteries.
Biomedical implants require high energy batteries to supply power for longer duration therefore bulky size of the
battery is required to supply the power to biomedical implant for longer duration. Moreover since the battery is
non rechargeable, it has to be removed after its life span. This necessitates costly invasive surgery to replace the
battery.

Presently there is a tremendous advancement in developing rechargeable batteries which could improve
the life span of pacemaker batteries by recharging wirelessly using magnetic resonance coupling [7]-[9]. In this
paper the experimentation is carried out in simulation environment to optimize the geometrical parameter of
primary and secondary square PCB coil with aiming to achieve higher coupling coefficient between primary and
secondary coil.

1. Principle of WPT System

Wireless power transfer system can be categorized into far field and near field WPT. The radio frequency
transmission, microwave applications are the few examples of far field WPT system and Biomedical application
[16] [17], whereas inductive coupling, magnetic resonance coupling and capacitive coupling based methods are
categorized into near field WPT system [1]-[16][19] [20][21]. In this paper magnetic resonance coupling using SP
topology is chosen for higher power transfer efficiency. The general architecture of near field WPT system for
biomedical implant is as shown in Fig.1and Fig.2 shows the different topologies for magnetic resonance coupling

[1].

Department of Electronics & Telecommunication Engineering, M. E. S. College of Engineering, Pune 55 | Page


mailto:dbahire21@gmail.com
mailto:vjg.eltx@gmail.com
mailto:jchopade@yahoo.com

Efficient Wireless Power Transfer System at Low frequency for Biomedical Implant Application

Distance (d): 10 to 20 mm

£, 1 ]
AC Source Skin and Harvesting Power | Biomedical
(Frequency /\/ L Muscle (7 Circuit Inmpl‘nny
Optimization) Tissue (Rectifier)  |==3~"] Devices
utual
Primary Coll Secondary Coil
(Outside Body) (Tnside Body)

Fig.1. General Diagram of WPT for Biomedical Implant

The advantage of magnetic resonance coupling is to improve the power transfer efficiency and distance as
compared to inductive coupling.

(a) Series-Series(SS) (b) Series-Parallel (SP)

R

(¢) Parallel-Series (SP) (d) Parallel-Parallel (PP)

Fig.2. Different Resonant Configurations for Magnetic Resonant Coupling [1] [5].

To achieve the higher power transfer efficiency between the primary and secondary coil, the coupling
coefficient between two coils should be maximum. The range of the coupling coefficient is 0 to 1.

To obtain the perfect coupling between primary and secondary coil, the flux lines must intersect the coils,
this can be achieved only if both the coils are overlap. For guided path like transformer, the coupling is perfect as
the coils are wound on a magnetic core having high magnetic permeability i.e. low magnetic reluctance and
therefore flux line provide the guided path through the core [4].

For implant devices, the flux lines are passing through the human tissue (i.e. skin, blood, fats) having
different dielectric properties at different frequency hence the coupling coefficient is less. The relation holds true

for input voltage, induced secondary voltage and is govern by turn’s ratio of primary and secondary coil as[4],

V; N

s (€N
While studying an implantable cardiac pacemaker it is observe that for different make the dimension of an
implantable cardiac pacemaker is 35 x 35 mm to 40x40mm [5][6]. For simulation purpose the minimum range of
the secondary coil size is considered i.e.35mm x 35mm. While taking decision of coil size and shape, the implant
dimension is a constrain, hence to maximise the number of turns in a specified dimension of an implantable
cardiac pacemaker, the square shape for secondary coil is finalized and to achieve maximum coupling between
primary and secondary coil, the same shape of primary coil is selected. The coil design and other analysis are
described in subsequent section.

I1.  Square PCB coil and their Inductance and Coupling Coefficient
In this section, analytical method is described to find desired electrical parameters including self
inductance (L) of primary and secondary coil, mutual inductance (M) between primary and secondary coil,
Coupling Coefficient (k) between primary and secondary coil.
The experimentation in simulation environment for differing geometry and size is studied. It is noted that
a square shape of coil is giving better results as compare to other geometrical structures [1]. The Fig.3 shows the
coil geometry selected for further investigation.
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Fig.3. Geometrical parameters of square PCB coil.

As shown in Fg.3, the different geometrical parameters of square PCB coil are trace (w), pitch (s), outer diameter
(dout), inner diameter (d;,) and thickness (t). Numbers of
turns of the primary and secondary coils are governing by equation (1).

Analytic methods are well described in the literature for calculation of inductance of square PCB coil based on
their geometrical parameters, Wheeler presented several formulas for planar spiral discrete inductors [1]. A simple
modification of the original Wheeler formula gives an expression for Square PCB inductors,

L =234y, 2 da 2
mw D% 14275 p ( )

Where p is the fill ratio: p = (doyt - din)/ (doyt + din)
davg =05 (dout + din)

o= Permeability in free Space

n= Number of turns of square PCB coil

doy =Outer diameter of square PCB coil

di= Inner diameter of square PCB coil

Similarly, Simple and accurate expression for the inductance of a planar spiral (square PCB coil) can be obtained
by approximating the sides of the spirals by symmetrical current sheets of equivalent current densities using the
concepts of Geometric Mean Distance (GMD) [1] [15].

1.27ugn?d 1.07
Lymd = “02 avg (m( ; >+0.18p+0.13p2)
(3)

Analytical method for calculation of mutual inductance of coaxial circles using elliptic integrals is given by
Maxwell [1] ,

M = 4nyAa{(2-k)F - 2E} @

Where A and a are the radii of the two circles, d is the distance between their centers, and

po AR rf-rf ©)
T Yarorra - YT

F and E are the complete elliptic integrals of the first and second kind, respectively, to modulus k. Their values
may be obtained from the tables of Legendre.
Soma and Galbraith have discussed a practical treatment of mutual inductance calculation, where each coil is
considered as a series of circular filaments, each being coupled to all other filaments, dependent on their physical
arrangement and also discuss the coaxial, lateral and angular displacement in detail[1].

The coupling coefficient between to coil can be expressed using mutual inductance and self inductance of both
coils as [1] [15]

M

N (6)

k=
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The amount of inductive coupling that exists between the two coils is expressed as a fractional number between 0
and 1, if k = 1 the two coils are perfectly coupled, if k > 0.5 the two coils are said to be tightly coupled and if
k < 0.5 the two coils are said to be loosely coupled.

Resistance or series loss of the coil can be categories into three parts as [1],
R= RDC + Rskin + Rprox (7)

Where Rpc is the simple resistive loss or DC resistance of the conductor, Ry is the loss due to the skin effect and
Ruorox is the loss due to the proximity effect [1].

lc
Rpc=p 2 (8)

p = Resistivity of the material
I = Length of the conductor
A. = Cross Sectional area of the Conductor

The skin effect is the formation of a thin ‘skin’ of current at the edges of a conductor that is carrying high
frequency current. The proximity effect is another kind of the resistive loss that occurs due to adjacent current
filament flowing in the same direction. The loss is more effective if the filaments are closer to each other at high
frequency. At low frequency, the skin effect and proximity losses are negligible therefore only simple resistive
losses are considered. Thus the equivalent circuit diagram of WPT system (non-perfect coupling) in terms of
Electrical parameters as shown in figure 4.

Ry L-M  L,M R;

Fig.4. Equivalent circuit diagram of WPT system (non-perfect coupling) in terms of Electrical parameters

For analytical method, to calculate electrical parameters of optimized geometrical parameters, Coupled coil
Configurator (CuCCo) software is used [35]. Comparative results between analytical and simulation methods are
described in subsequent section.

I11.  Electrical Parameters of Square PCB Coil using Simulation Method

The process starts with constraint which includes size of implanted secondary coil (35mm x 35mm), the
primary coil which is placed outside the body is varied from 40mm to 70mm for achieving maximum coupling
coefficient, distance between primary coil and secondary coil is kept 10mm, Model is simulated at 20 KHz and
300KHz frequency.

Electrical parameters from geometrical parameters of square PCB coil are obtained using FEM
Simulation. Optimetrics tool is also used for finding maximum coupling and other electrical parameters of square
PCB coil from specified range of geometrical parameters. Electrical parameters are determined at two different
frequencies as 20 KHz and 300 KHz using Eddy current solver. Dielectric properties of human tissue parameters
(Skin, blood, fat) at 20 KHz and 300 KHz are selected [25]. Table 1 shows the geometrical and Electrical
parameters of square PCB coil. Table 2 shows the coil material and substrate properties similarly Table 3 shows
dielectric properties of the human tissue parameters at 20 KHz and 300 KHz [25].

Table 1: Geometrical and Electrical parameters

dout Outer diameter
. w Trace
G:ometrtlcal . Pitch
arameter t Thickness
Ny,N, Number of turns of Primary and Secondary Coil
Electrical Ly L, Inductapce of Primary (Tx) and Secondary (Rx) coil
Parameter M Mutual inductance
k Coupling Coefficient

Department of Electronics & Telecommunication Engineering, M. E. S. College of Engineering, Pune 58 | Page



Efficient Wireless Power Transfer System at Low frequency for Biomed

ical Implant Application

Ri,R2 Resistance of Primary (Tx) and Secondary (Rx) coil

R, Resistance between Primary (Tx) and Secondary (Rx) coil

Table 2: Coil material and substrate properties [26] [27]

Relative Permittivity (&) 1
Primary Coil Copper Relative Permeability () 0.99
Conductivity(c) 58000000 Siemens/m
Relative Permittivity (&) 1
Secondary Coil . - 1.00018
and Pacemaker Titanium Relative Permeability()
case C"”d(‘gc)“‘”ty 1820000 Siemens/m
Relative Permittivity (&) 12
Ferrite Relatl\ée Pcejrmtgaptlllty(p,) 1000
Substrate below on (l;c) ity 0.01 Siemens/m
primary coil Relative Permittivity (&) 4.4
FR4 Relative Permeability(1,) 1
Conductivity(c) 0
Relative Permittivity (&) 2.25
Ssljetésgr:fjtaer;l)c?)\i/f Polyurethane Relative Permeability(u,) 1
Conductivity(c) 0 Siemens/m

Table3: Dielectric properties of human body parameters at 20 KHz and

300 KHz [25]

. . . . Frequency
Tissue Dielectric Properties 20KHz 300Kz
Blood Pe_rn_”littivity _(s,) 5000 5000

Conductivity () Siemens/m 0.7 0.7
Infiltrate Pe_rmittivity _(sr) 400 50
Fat Conducthlt_y gc_) Siemens/m 0.05 0.05
Not Permittivity () 300 40
Infiltrate Conductivity () Siemens/m 0.03 0.03
Dry Pe_rmittivity_(sr) 1000 1000
Skin Conductlwt_y(_o) Siemens/m 0.0002 0.002
wet Permittivity (&) 30000 5000
Conductivity(c) Siemens/m 0.005 0.2

In this paper, the primary goal is to identify the maximum coupling by varying geomet
optimized and results for different cases are as shown in Table 4 to Table 17
Case: 1 Number of Turns: N; =4, N, =2

Table 4: Thickness (t) Optimetrics (60mm x 35mm)

rical parameters of primary
and secondary coil. Geometrical parameter such as thickness (t), pitch (s), trace (w) and outer diameter are

o . Primary Coil (Tx) 60mm
Coil Dimension Dout Secondary Coil (Rx) 35mm
Constant Trace (w) 4mm
Parameters Pitch (s) 0.5mm
Frequency 300KHz
Thickness(t) Optimetrics
. Rx Coil Ly L, M
TXCottm | um) K e | on (0H)
25 25 0.094 429.94 131.50 22.57
30 30 0.095 423.39 132.03 22.42
35 35 0.11 419.49 149.01 25.03
40 40 0.093 413.38 129.83 21.65
45 45 0.093 410.19 129.30 21.53
50 50 0.092 407.10 129.13 21.28

Table 5: Pitch (s) Optimetrics (60mm x 35mm)

) Coil_ Dout Primary Coil (Tx) 60mm
Dimension Secondary Coil (Rx) 35mm
Constant Trace (s) 4 mm
Parameters Thickness (t) 0.35um
Frequency 300KHz

Pitch (w) Optimetrics
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X RXx
) . Ly L, M

o | o K w@H) | oH) (uH)
0.1 0.1 0.09 958.63 138.9 35.17
0.5 0.5 0.11 942.6 131.7 38.9
1 1 0.08 631.4 123.8 23.08
1.5 1.5 0.09 620.5 118.3 25.50
2 2 0.05 354.9 112.1 11.76

Table 6: Trace (w) Optimetrics (60mm x 35mm)

Coil Dout Primary Coil (Tx) 60mm
Dimension Secondary Coil (Rx) 35mm
Constant Pitch (p) 0.5mm
Parameters Thickness (t) 0.35um
Frequency 300KHz
Trace (w) Optimetrics
Tx Coil | Rx Coil K Ly L, M
(mm) (mm) (uH) (nH) (nH)
1 1 0.078 3.48 240.38 71.83
2 2 0.117 2.50 173.08 77.35
3 3 0.153 1.82 132.64 75.56
4 3 0.110 0.94 131.79 38.90

Table 7: Outer Diameter of primary coil (Dout) Optimetrics

Dir'r?e(;llion Dout Secondary Coil (Rx ) 35mm
Primary Coil (Tx) 3mm
Constant Trace (w) Secondary Coil (Rx) 3mm
Parameters Pitch (s) 0.5mm
Thickness (t) 0.35um
Frequency 300KHz
Outer Diameter(Dout) Optimetrics
Dout K Ly L, M
(mm) (HH) (nH) (nH)
40 0.094 0.418 130.57 21.96
45 0.105 0.496 131.22 26.98
50 0.125 0.879 132.74 42.81
55 0.154 0.949 131.92 43.99
60 0.153 1.828 132.64 75.56
65 0.132 2.108 132.60 69.89
70 0.107 2.416 132.09 60.50

Table 8: Outer Diameter of primary coil (Dout) Optimetrics

Din?e?:lion Dout Secondary Coil (Rx ) 35mm
Primary Coil (Tx) 3mm
Constant Trace (w) Secondary Coil (Rx) 3mm
Parameters Pitch (s) 0.5mm
Thickness (t) 0.35um
Frequency 20KHz
Outer Diameter(Dout) Optimetrics
Dout K Ly L, M
(mm) (UH) (nH) (nH)
40 0.121 0.86 176.20 47.32
45 0.157 1.36 177.08 77.36
50 0.167 1.79 177.89 97.90
55 0.179 1.95 178.10 105.65
60 0.162 2.26 179.07 103.47
65 0.134 2.59 178.39 91.66
70 0.107 2.95 179.48 78.33

Case: 2 Number of Turns: N; =8, N,=4

Table 9: Trace (w) Optimetrics (60mm x 35mm)

Coil Dout Primary Coil (Tx) 60mm
Dimension Secondary Coil (Rx) 35mm
Constant Pitch (p) 0.5mm
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Parameters Thickness (t) |  0.35um
Frequency 300KHz
Trace (w) Optimetrics

Tx Coil | Rx Coil K Ly L, M
(mm) (mm) (UH) (nH) (nH)

1 1 0.115 6.64 549.26 220.12

1 15 0.118 6.65 549.26 198.26

1 2 0.120 6.64 422.29 181.39

1 2.5 0.121 6.64 338.73 163.59

15 25 0.146 5.16 273.23 173.52

Table 10: Outer Diameter of primary coil (D) Optimetrics

Coil Dimension Dout Secondary Coil (Rx) 35mm
Primary Coil (Tx 1.5mm
Constant Trace (w) SecondaZy Coil((R>)< ) 2.5mm
Parameters Pitch (s) 0.5mm
Thickness (t) 0.35um
Frequency 300KHz
Outer Diameter(Dout) Optimetrics
Dout K Ly L, M
(mm) (uH) (nH) (nH)
40 0.110 2.317 267.65 86.81
45 0.145 3.015 269.52 131.33
50 0.165 3.725 269.94 165.82
55 0.174 4.439 269.81 180.25
60 0.146 5.169 269.60 173.52

Table 11: Outer Diameter of primary coil (Do) Optimetrics

Coil Dimension Dout Secondary Coil (Rx) 35mm
Primary Coil (Tx) 1.5mm
Constant Trace (w) Secondary Coil (Rx) 2.5mm
Parameters Pitch (s) 0.5mm
Thickness (1) 0.35um
Frequency 20KHz
Outer Diameter(Dout) Optimetrics
Dout K Ly L, M
(mm) (uH) (nH) (nH)
45 0.205 1.83 333.04 160.88
50 0.200 2.30 335.46 167.31
55 0.217 3.01 336.15 189.23
60 0.208 3.31 331.76 218.93
65 0.192 3.97 339.62 223.59
70 0.167 4.66 338.39 210.94

Case: 3 Number of Turns: N; =12, N,=8

Table 12: Trace (w) Optimetrics (60mm x 35mm)

) Coil_ Dout Primary Coil (Tx) 60mm
Dimension Secondary Coil (Rx) 35mm
Constant Pitch (p) 0.5mm
Parameters Thickness (t) 0.35um
Frequency 300KHz
Trace (w) Optimetrics
Tx Coil | Rx Coil K Ly L, M
(mm) (mm) (uH) (uH) (H)
1 1 0.154 10.27 0.822 0.449
1 15 0.156 10.28 0.587 0.383
1.1 1.6 0.162 9.55 0.551 0.372
1.2 1.7 0.166 8.83 0.511 0.353

Table 13: Outer Diameter of primary coil (D) Optimetrics

Coil )
Dimension Dout Secondary Coil (Rx) 35mm
Primary Coil (Tx) 1.2mm

pgg:iﬁg:s Trace (w) Secondary Coil (Rx) 1.7mm
Pitch (s) 0.5mm
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Thickness (t) |  0.35um
Frequency 300KHz
Outer Diameter(Dout) Optimetrics
Dout K L1 Lz M
(mm) (UH) (nH) (nH)
40 0.104 4.916 582.06 171.98
45 0.142 5.695 580.02 259.77
50 0.165 7.208 584.89 340.62
55 0.177 8.729 586.42 383.31
60 0.156 10.283 587.15 383.74

Table 14:Outer Diameter of primary coil (D, ) Optimetrics

Din?e()r:;ion Dout Secondary Coil (Rx ) 35mm
Primary Coil (Tx) 1mm
Constant Trace () Secondary Coil (Rx) 1.5mm
Parameters Pitch (s) 0.5mm
Thickness (t) 0.35um
Frequency 20KHz
Outer Diameter(Dout) Optimetrics
Dout K L. 2 M
(mm) (UH) (UH) (uH)
40 0.112 5.04 0.71 0.22
45 0.157 5.86 0.72 0.34
50 0.189 742 1.004 0.51
55 0.203 9.01 1.005 0.58
60 0.182 10.64 1.007 0.59
65 0.170 13.19 1.008 0.52
70 0.128 14.18 1.009 0.48

Case: 4 Number of Turns: N; =16, N,=8

Table 15: Trace (w) Optimetrics (60mm x 35mm)
) CoiI_ Dout Primary Coil (Tx) 60mm
Dimension Secondary Coil (Rx ) 35mm
Constant Pitch (p) 0.5mm
Parameters Thickness (t) 0.35um
Frequency 300KHz
Trace (w) Optimetrics
Tx Coil | Rx Caoil K Ly L, M
(mm) (mm) (UH) (uH) (nH)
1 1 0.1658 16.72 1.302 774.07
1.2 12 0.1762 13.636 | 1.080 676.30
12 14 0.1763 13.639 | 0.905 619.88
1.2 15 0.1761 13.646 | 0.831 593.35

Table 16: Outer Diameter of primary coil (Do) Optimetrics

Din?ec:;ion Dout Secondary Coil (Rx) 35mm
Primary Coil (Tx) 1.2mm
Constant Trace (w) Secondary Coil (Rx ) 1.4mm
Parameters Pitch (s) 0.5mm
Thickness (t) 0.35um
Frequency 300KHz
Outer Diameter(Dout) Optimetrics
Dout K Ly L, M
(mm) (HH) (uH) (nH)
40 0.102 7.60 1.284 320.84
45 0.143 8.92 1.287 485.85
50 0.168 11.47 1.299 651.17
55 0.180 15.33 1.297 737.00
60 0.166 16.73 1.305 777.29

Table 17: Outer Diameter of primary coil (D) Optimetrics

Coil .
Dimension Dout Secondary Coil (Rx) 35mm
Constant Primary Coil (Tx) 1.2mm
Parameters Trace (w) Secondary Coil (Rx) 1.2mm
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Pitch (s) 0.5mm

Thickness (t) 0.35um
Frequency 20KHz

Outer Diameter(Dout) Optimetrics

Dout K L1 Lz M
(mm) (uH) (1H) (nH)
40 0.121 7.81 1.594 0.429
45 0.167 9.17 1.591 0.640
50 0.195 11.79 1.590 0.848
55 0.204 14.50 1.595 0.983
60 0.192 17.22 1.576 1.003
65 0.169 20.19 1.598 0.963
70 0.154 21.63 1.595 0.909

Following table show the Summarize report of different cases
Table: 18 Summary reports of different cases

Coupling
Number Geometrical Parameters (k)
of Turns
Trace
Tx | Rx ¢ s (w) 2‘?“
T | Tx Tx | 20 | 300
and and TX Rx Coil KHz | KHz
Rx Rx (mm) | (mm) (mm)
(Hm) | (mm)
4 2 35 0.5 3 3 55 0.18 | 0.15
8 4 35 0.5 15 25 55 0.21 | 0.17
12 6 35 0.5 1.2 1.7 55 0.20 | 0.18
16 8 35 0.5 1.2 14 55 0.20 | 0.18

From the comparative study of summary report, it is found that, the case-2 is more promising as it gives maximum
coupling coefficient. 3D Model for case-2 is shown in Fig. 5

Fig.5: 3D Model of square I;CB coil

100 (mm)

in Ansys Maxwell.

Electrical parameters as shown in figure 4 for selected geometry are extracted using Maxwell Simulation tool and
extracted Electrical parameters at 20KHz and 300Khz are shown in Table 20 below,

Table: 20 Extracted Electrical Parameters at 20 KHz and 300 KHz.

Electrical parameters Eddy Current Solver
20 KHz 300 KHz

Primary Inductance (L,) 4.62 4.43
Secondary Inductance (L) (uH) 0.336 0.269
Mutual Inductance (M) (uH) 0.241 0.180
Primary Resistance(R;) 0.448 0.592
Secondary Resistance (R) (Q) 2.74 2.76
Mutual Resistance (R1,) 0.008 0.033
Coupling Coefficient (k) 0.21 0.17

Magnetic Resonance Coupling and Power transfer efficiency using Simplorer

Simplorer circuit simulation tool is used for finding the power transfer efficiency of Magnetic Resonance
WPT. Among the four possible combinations of the two resonant circuits as shown in Fig. 2, for biomedical
implant application, SP topology is best suited for magnetic resonance WPT [1], since for high power transfer
efficiency, input impedance should be low while output impedance should be high. In the case SP topology, the
tuned capacitances C1 and C2, at resonant frequency,w, = 2nf, are [2] [28];
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1
G = S ©

C=— (10)

- w%Lz

The values for C; and C, are obtained for selected geometry from table 20 at 20 KHz and 300 KHz frequency.
Power Transfer Efficiency (PTE) using Simplorer circuit simulation tool at load 10€,100Q,1KQ and 10KQ
keeping source resistance Rs=1Q constant are obtained as shown in fig.6 to fig.13 below,

Power Transfer Efficiency (%) [Freq=20KHz ; Rs=1 Ohm; RL=10 Ohm]

4000 —

maGW2.P)mag(WMLP)*100

2000 —

12 12 bo

Fig.6 Power Transfer Efficiency (%) at 20 KHz (R =10Q)

Power Transfer Efficiency (%) [Freq=20KHzRs=1 Ohm;RL=100 Ohm]
3
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Fig.7 Power Transfer Efficiency (%) at 20 KHz (R, =100Q)

Power Transfer Efficiency (%) [Freq=20KHzRs=1 Ohm; RL=1 KOhm]
3
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Fig.8 Power Transfer Efficie;ﬁg;/w(%) at 20 KHz (R =1kQ)

Power Transfer Efficiency (%) [Freq=20KHz; Rs=1 Ohm; RL=10 KOhm]
3

orert &

magWMZ P)mag(WhL P)'100

200 —|

w

Fig.9 Power Transfer EfficierP;g;;HZ%) at 20 KHz (R =10kQ)
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Power Transfer Efficiency (%) [Freq=300KHz;Rs=1 Ohm; RL=10 Ohm]
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Fig10 Power Transfer Efficiency (%) at 300 KHz (R,=10Q)
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Power Transfer Efficiency (%) [Freq=300KHz;Rs=1 Ohm; RL=1 KOhm] Simploer, &
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Figl12 Power Transfer Efficieﬁegg}k(%) at 300 KHz (R =1KQ)

Power Transfer Efficiency (%) [Freq=300KHz;Rs=1 Ohm; RL=10 KOhm]
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Summary of power transfer efficiency at 20 KHz and 300 KHz at different load is shown in Table 21 below,

Table 21: Power Transfer Efficiency (PTE) at 20 KHz and 300 KHz for different load

Load Resistance Power Transfer Efficiency (PTE) (%)
(RDQ 20 KHz 300 KHz
10Q 99.99 99.99
100Q 99.46 99.99
1kQ 69.40 99.67
10kQ 9.59 82.28

The comparison of electrical parameters obtained by simulation and analytical method are shown in Table 22.
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Table 22: Comparison of Magnetic Resonance WPT using Simulation and Analytical method

Simulation Method Analytical Method
Parameters
20KHz 300KHz 20KHz | 300KHz
Primary coil Inductance
(L)(uH) 4.62 4.43 4.08 4.08
Secondary coil
Inductance (L) 0.336 0.269 0.588 0.558
Mutual | (clj1 e (M)
utual Inductance
(uH) at 10mm distance 0.241 0.180 0.11 0.11
Coupling Coefficient (k) at 021 017 013 011
10mm distance ) ' ) )
Primary coil Resistance(R;) 0.448 0.592 0.447 0.525
Secondary coi(!gzl?)esistance (Ry) 274 276 242 2.49

V.  Result and Discussion

The primary goal of wireless power transfer system is to provide sufficient power with higher efficiency
to charge rechargeable battery of biomedical implant. To achive higher power transfer efficiency, the coupling
coefficient between primary and secondary coil should be high. So in this paper, geometrical parameters are
selected using optimetric tool for achiving higher coupling at selected frequency. The elecrical parameters are
extracted for same frequency using simulation method. Analytical method is used to compare the electrical
parameters of selected geometry. It is observed that results obtained using simulation method are in close
agreement with result obtained using approximate analytical method. In the proposed model, for primary (TX)
coil, copper material is used for coil and FR4 ferrite dielectric is used as a substrate (shield) and for biomedical
implant application, biocompatible titanium material is used for secondary square PCB coil and polyurethane
dielectric is used as a substrate. Biological tissues are considered as a medium between primary and secondary
coil. At lower frequencies, biological tissue can be considered to have u = 10 and € is more variable and dependent
on tissue type [25]. Analytic calculations become more complex for environments containing layers of material
with different permittivity's [1] therefore in this paper, for accurate measurement of electrical parameters and PTE
from selected geometry, FEM based simulations is used. To improve the WPT performance not only coupling
coefficient is important but quality factor (Q) of both the coils also be considered but Q factor is higher with
frequency therefore it is necessary to consider higher frequencies to improve the WPT performance. To prevent
the frequency splitting phenomenon, the optimum selection of  distance between to the coils and mutual
inductance is necessary in future. Physical measurements using experimental method is necessary to validate
these performance parameters may be necessary in future.

VI.  Conclusions

Simulation method is used to perform the experimentation to achieve higher coupling coefficient form
geometrical parameters of primary and secondary square PCB coil using Optimetrics tool, and electrical
parameters extracted by simulation method are compared with analytical method and found very close
approximation. Higher PTE of optimized geometrical parameters is found using Magnetic Resonance,
Experimentation is done using Circuit simulation tool. WPT.SP topology is used for Magnetics resonance and it is
found that power transfer efficiency decreased as is load increased. Also it is noted that power transfer efficiency
increases for higher source frequency, but to comply EMF safety standard limits for biomedical application lower
source frequency is selected. Power transfer efficiency at 1KQ for 20 KHz and 300 KHz is 69.40% and 99.67%
achieved respectively. Frequency splitting in WPT system is caused by the magnetic over-coupling between the
transmitter and the receiver coil. The key point of the frequency splitting elimination is maintaining the value of k
much less than 1 for any distance to avoid the pole while determining the value of mutual inductance similarly
physical measurements using experimental method is necessary to validate PTE for selected geometry and
frequency may be necessary in future.
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