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includes a local radio frequency transmit/receive coil. This coil is
designed for maximum energy transfer or wave transfer through
magnetic resonance. Mutual inductance is a dynamic parameter that
determines the energy quantity to be transferred wirelessly by
electromagnetic coupling. Thus, it is essential to analyze the self and
mutual inductances of this coil. Other parameters, including
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electromagnetic shielding, frequency, and distance, which influence
voltage and power transfer are investigated here. Theoretical formulas
and simulation models proposed in the present paper are implemented
by using MATLAB and ANSYS MAXWELL and ANSYS SIMPLORER Finite
Element (FE) packages for determining the performance and properties
of the coil. So, the main goal is evaluating of software steps that simplify
the design of RF resonance circuits. Also, experimental results are given
for the validation of the proposed method. Consequently, Safety and
efficiency are automatically maximized by following the best design

considerations.

1. INTRODUCTION

Much research has been carried out in recent years on
radio frequency (RF) coil design [1]. Wireless energy
transfer has recently been applied to medical devices.
However, designing wireless systems is complicated
due to the variability of conditions but it is valuable to
focus on methods that can sense variations of these
systems [2]. It should be noted that the maximum
efficiency design is different from the maximum power
transfer design because the efficiency concept
overlaps with power transfer definition.

By using a power amplifier, efficiency is then
maximized to minimize the power loss occurring in
circuits [3]. The received power is tracked in [4] by
tuning and getting feedback versus the variation of
coupling and load impedance with zero voltage
switching (ZVS) method, using the switch transistor
drain voltage on the transmitter [4]. Another tuning
approach is duty cycling by the buck-boost converter.

Switched capacitor banks have also been implemented
in [5] to set appropriate capacitance. Resonance
frequency variation is also followed for tuning
impedance and sensing output voltage feedback by
switched capacitance [6]. Separation distance and
alignment variations can lead to the change of
coupling and power transfer [7].

Therefore, the maximum efficiency point tracking is
needed to wirelessly transfer power using magnetic
resonant coupling [8]. In [9], a frequency independent
configuration has been established for RF coils
through DC excitation. Also, 3-D finite element (FE)
transient analysis has been carried out using Maxwell
in the thick segmented solenoid.

In addition, the RF coil is investigated at the
resonance frequency and the external resonant circuit
is then designed to achieve the maximum power
transfer. Inductive power transfer is a well-known
method that can be applied for wireless transfer
between the transmitter (Tx) and the receiver (Rx)
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through air core, e.g, primary and the secondary
transformer windings wrapped around the iron core
[10].

The purpose of this paper is to describe and
examine some RF coil design problems. One problem
is to maximize the power transfer between
transmitter and receiver. This can be done by applying
resonance circuit through a proper capacitance.
Another problem is to reduce the distance between
transmitter and receiver.

A third problem is to determine the concept of
transferring power and data wirelessly. This can be
done by considering shape, amplitude, and frequency
of the signal, as well as ambient conditions like noise,
temperature and static magnetic field density values.
In the MRI systems, the transmitter and receiver coils
should not be near to each other. By increasing the
distance, the power transfer is also reduced.

The solution is to use electrodes or multi-channel
coils to apply resonant circuits to coils for the
improvement of the energy transfer.

The next problem is the selection of the coil
structure type, i.e,, the cylindrical or spiral one. This
affects self/mutual inductance of coils and winding
design, including the shape of wire cross-section and
insulation thickness, coil skew, and the gap between
wires. The mutual inductance between two coils
determines the value of energy transferred.
Development of a practical method for calculating the
inductances is the first step of coil design that is also
considered in the present paper.

Next, application of coil should be clarified, i.e.,
whether it is a transmitter, a receivera or both. The RF,
gradient and body coils are ordinarily made for both of
them. But if a coil is tested in the lab in isolation, two
coils have to be considered to prove the idea of the
maximum power transfer. It is possible to consider the
body cells as coils, but this depends on the modelling
of body cells in the Maxwell modeller and thus, it is not
feasible.

Therefore, two coils are considered. This is the idea
used in this paper, i.e. modelling a sample with an RLC
circuit that has not been used elsewhere. Shielding
effectiveness is another concept that can help to prove
this idea [11].

Some questions related to its material, location,
type and size should be answered. The values of
electric conductivity, magnetic permeability and
mechanic stiffness factor have to be determined. By
shielding, it is possible to change inductance, because
the electromagnetic (EM) flux does not leak through
space.

Another question is whether the core and the shield
should be applied for the same goal. It is possible to do
this, but the wire is not wrapped around the shield in
such cases. The shield geometry depends on the coil
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structure. For instance, the planar shield is used for
spiral coils (SCs). This introduces a new making which
it is possible to make the printed circuit board (PCB)
[12-16] for RF appliance, which has not been seen
anywhere. It is also possible to make a spherical board
to match the sample because of the facilitation
property.

In this paper, as the first phase, MRI structure is
explained. Next, inductance concept is analyzed and
calculated. Then inductances simulated by MATLAB
are compared with MAXWELL results, as compliance
of relations could be approximately confirmed by
these simulations.

In this stage, the inductance calculator technique is
specified in Maxwell and it is used in the calculation of
the required capacitor at the resonant frequency.

The mentioned idea facilitates one of the main
stages of the coil design process. Then resonance and
shielding effects on induced voltage can be analyzed
and simulated. At the end, some experimental results
achieved at the lab are assessed.

Finally, this point should be taken into account that
in real condition only one coil is used for both sending
and receiving RF signal. The second coil is, in fact, the
sample under the cover of the first coil, which it also
receives and transmits.

2. MRI SCANNER COMPONENTS

The MRI scanner produces three types of magnetic
fields that interact with the proton spins to produce
images. The first, the primary field BO is generated by
a superconducting coil surrounded by liquid helium
(label A in Fig. 1).

The parameter B0 is the static field directed axially
through the scanner tunnel that causes spin
precession and the net magnetization of each voxel.
Ideally, the main magnet in the scanner will produce a
uniform BO field throughout the entire imaging
volume. Since this is a rare case in a commercial
scanner, shim coils (label B in Fig. 1) are strategically
installed to broaden the region of uniformity.

The shim coils themselves produce magnetic fields
that interact with BO by superposition to correct
known field inhomogeneities. The second type of
magnetic field applied by the scanner is an RF pulse
referred to as the B1 field. This field is produced by the
body coil within the scanner (label D in Fig. 1) or by a
transmit coil local to the imaging volume (label E in
Fig. 1). Finally, the third type of field in the scanner is
produced by a specially-designed coil within the
scanner called the gradient coil (label C in Fig. 1).
When activated, this coil generates three different
gradient fields that combine with the primaryBO0 field
by superposition [13-15].



Figure 1: Cut-away view of an MRI scanner, A: Primary field
magnet in liquid helium bath, B: Shim coil, C: Gradient coil,
D: Body transmit/receive coil, E: Local transmit/receive coil.

3. DETERMINATION OF INDUCTANCES

Let us consider a coil with T turns each carrying a
current of I,. In the case that the effective permeance
of flux paths is shown with parameter A, the
inductance can be derived as follows for a thin coil
[16]:

=10 TLA) o, (1)

Considering length and area of passing flux, the
permeance of a tube with height dx at a distance x
from the bottom of the conductors is obtained using
the equation below [16]:

16x
oA=u,— 2
ﬂoW (2)

S
where W; is the length of flux path, I6x is its surface
and po is free space permeability. By integrating (2),
permeance related to the whole of field (A) is then
obtained. To determine the inductance of a single-turn
wire loop in H, the following equation is usually used
for small wires. The classical solution that includes

elliptic integrals is required when the wire is large
[17].
8a
L=ua In(—j—l.?S (3)
I

0

where a is coil radius, ry is wire radius and L is self-
inductance in the air. Relation to Magnet coil design,
the design of MRI magnet structures is complicated. In
the design of conventional magnet structures, the
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analyst solves a direct problem in which the geometry
and magnetization are given and field distribution is
then determined. In MRI, the analyst is faced with a
more complicated problem in which field strength and
uniformity are determined across the imaging region
and the geometry and magnetization of the structure
need to be identified. There is no unique solution for
such problems in that a specified field distribution
within a closed region can be obtained using an
infinite number of different structures [18].

4., THEORETICAL ANALYSIS

By [19] and [20], which are well-known works on
providing inductance tables in the past and recent
years, we can test the results of analytical and
experimental works in this field. In recent years,
numerous papers have been published on the problem
of calculating mutual inductance by analytical
methods such as [21]-[26]. Equation (4) has been
developed to calculate the mutual inductance between
coaxial single-turn coils without any limitations in
dimension (it means considering rectangular cross-
section), taking into account the effect of overlap, in
[21]. In [22], the procedure for calculation of mutual
inductance is presented in the filament method, and
then the magnetic field is extracted for coaxial circular
coils. The accurate approach is proposed for
calculation of mutual inductance between inclined
coils and non-coaxial coils (with a rectangular cross-
section or negligible section) respectively in [23] and
[24]. At [25], the filament method was used to
calculate the mutual inductance and a rectangular or
negligible cross section was assumed. This shows the
calculation of the mutual inductance for a specific
application. Both coaxial and non-coaxial coils are
analyzed for the self-inductance and mutual
inductance calculation by Bessel functions in [26]. In
the first theory, the mutual inductance in (4) between
two planar coils is extracted from Maxwell’s equations
isreported in [10-11, 21, 27].

HoT
I a,
w3

.TS (kr,,kr,)S (ka,,ka, )Q(kh,, kh, )efk\dz—dl\dk
° “

M:

as it is shown in Fig. 2, h; and h; are the thicknesses
of winding tracks, a; and r; are internal radii of
circular windings, a; and r; are external radii of
circular windings. d; and d, are the heights of two
planar coils or winding centers above the substrate.
The parameter k is a variable for integration and it is
essential for the definition of Bessel functions. The
parameter M is mutual inductance between planar
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windings in the air in the absence of the substrate. The
parameters Q(kx, ky) and S(kx, ky) in (4) are defined as
follows:

Q(kx,ky):é[th

e -1

],Z:O,x:y:h (5)

Jo (kx) =, (ky)
k

where Jy(x) is a first kind Bessel function. The mutual
inductance is calculated from Table 1 which is
extracted by MATLAB code by adding ‘syms x
command in the first line of code in [10]. The
discrepancy between mutual inductances at this work
and [10] is zero. In this Table, r; and a; are inner radii
of coils, rz and a; are outer radii of coils and M is the
mutual inductance between two coils.

Calculation of the Mutual inductance of two
cylindrical coils is more complicated which is
illustrated in [28]. In Fig. 3, dimensions of the two coils
are shown. At the following, the objective is to show
the simplicity of Maxwell simulation method versus
analytical calculation which is proposed in [28].

S(kx,ky)= (6)

172\

Figure 2: The parameters related to the two planar coils.

TABLE 1
THE DEFINED PARAMETERS

al [mm] | a2 [mm] | r1 [mm] | r2 [mm] M [H]
2.6 3 3.6 4 5.4252e-09
2.6 3 5.6 6 2.9427e-09
2.6 3 7.6 8 2.0867e-09
2.6 3 9.6 10 1.6487e-09
2.6 3 11.6 12 1.3640e-09
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Figure 3: The parameters considered for the two cylindrical
coils.

It should be considered that if two coils with equal
dimensions are selected, then M will be greater.
Similarly, in the case that two coils with different sizes
are selected, M will be smaller. If it is assumed that flat
SC is combined with N turns, its inductance is then is
calculated by following equation [10]:

r’N2
_ 7)
8r +11D

where L is inductance in pH, r (inch) is the mean
radius of the coil, N is a number of turns, and D is the
depth of coil derived from outer radius minus inner
radius. The formula of inductance L for a short air-core
cylindrical coil (CC) is as follows [10]:

r’N?
"= orv10 ®)

where N is the number of turns, r (inch) is the outer
radius of the coil, I (inch) is the length of the coil. In the
second step, two identical CC is used as a Tx and Rx
pairs. Ignoring high-frequency effects and skin effect,
it is proved that the maximum power is transferred in
resonance mode, and the value of capacitance is
calculated using the equation below [10]:

1

S 9
An® f2L

C

where f is the frequency of power supply, C is
capacitance in F and resistance of components is
neglected. Adding C parallel to Tx and Rx, it is seen
that the induced voltage in R, becomes greater. It
should be noted that output voltage is derived from

voltage division as follows [10]:
1
V, = o€, (10)

R. + joL +_i
joC

where R¢ is the resistance of capacitor and Vs is a
voltage induced in the receiver coil.



A. Simulation results

The first step in coil design is carried out by
obtaining coil inductance. For this, a 3D model is
drawn and the magnetostatic solution is set up. For 3D
model, a number of steps are done. It is important to
assign “parameters” as a matrix. Next, the model is
analyzed, data can be seen on Maxwell 3D inductance
matrix. This matrix is used in the capacitance design
for resonance circuit.

B. Extracting Inductance

On the basis of the previous section, the mutual
inductance value of two flat coils in Fig. 2, is
determined by a 3D model, which is shown in Figure 4.
As it is seen in Table 2, the difference of mutual values
(calculated by MATLAB code: 1.3640e-09 H and
Maxwell value: 1.3344E-009 H) is the only 2.17%
which is acceptable.

>

0 5 10 (mm)

Figure 4: Two flat coils: r2 = 12 mm, r1 = 11.6 mm, a2 = 3
mm, al =2.6 mm and hl =h2 =0.035 mm.

TABLE 2
SELF AND MUTUAL INDUCTANCES

Coil 1 Coil 2
Coil 1 1.762e-8 1.3344e-9
Coil 2 1.3344e-9 8.8564¢e-8

C. Resonance Effect and Induced Voltage

The second step is done in the transient mode of
solution setup. In this state, the induced voltage of the
receiver coil is analyzed, and the impact factors are
identified. For a transient solution, coil terminal and
winding are also assigned. Winding source type can be
assigned as external or internal (current or voltage)
and as AC or DC. In the external mode (designing
circuit in circuit editor), it is possible to use a
resonance circuit. As an example, the inductance of CC
is calculated (formula: L= 9.28 pH, Maxwell3D: 0.11
uH, as shown in Table 3, resulting from magnetostatic
analysis). It is noted that Fig. 5 is related to Table 3.
The reason for the difference between these values is
that it doesn't consider the realistic conditions. The
results pertaining to the resonance circuit, by
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transient analysis, also helped us to select the best
value. The important question in this part is what
should be done with the configuration (for R, L, C and
source in the transmitting side and R, L and C in the
receiving side) that should be assigned. What is the
role of resistance? After doing some tests, the
configuration which is shown in Fig. 6 is selected as an
external excitation circuit. By some tests based on (8)
and (9), C = 0.618 pF is added to the receiver and
transmitter to produce a maximum voltage across the
receiver via the resonance frequency which is 64 MHz
by a sinusoidal voltage source (1mv@64MHz). The
voltages related to different values of C including
0.618, 25, and 56 pF have been shown in Fig. 7, Fig. 8,
and Fig. 9, respectively. Based on Maxwell value of L =
0.11 pH, the calculation of C = 56 pF has been
completed. In this case, the receiver voltage is greater
than that of the transmitter. When the external circuit
is used without capacitance, the receiver voltage is
0.0479 mv, which is shown in Fig. 10 by 10-fold
magnification.

0 15

30 (mm)

Figure 5: Maxwell3D design for CC and its inductance:
r=ri=rz = 25 mm, [=l1=Iz = 4 mm, thickness = 0.4 mm.

TABLE 3
SELF AND MUTUAL INDUCTANCES

Coil 1 Coil 2
Coil 1 1.0937e-7H 3.9458e-8 H
Coil 2 3.9458e-8 H 1.1059e-7 H
R81 gohm R87  gohm
T T | ’ LWinding1 . [ LWinding2 o
(") Lobeip=ves e i
i 0.618pF 0.618pF
Lo Lo

Figure 6: External circuit for excitation of the two cylindrical
coils.
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Figure 11: simulation of power transfer efficiency by Ansys
Simplorer. Middle block is Maxwell component which
consists Tx and Rx coil in magnetostatic solution mode
which is added as a dynamic inductance. As it is seen for this
condition, resonance frequency occurs at 20.7405 MHz. at
resonance frequency maximum transfer power ratio is
0.9160.
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Figure 8: Induced voltages of Tx and Rx windings for ¢ = 25
pF.
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Figure 9: Induced voltages of Tx and Rx windings for ¢ = 56

pF basedon L =0.11 pH.
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Figure 10: Induced voltages of Tx. and Rx. windings without
capacitance, R=6 (, Vs=10v.

D. Wireless Power Transfer Efficiency

Here, ANSYS Simplorer 11.0 is used instead of
ANSYS Maxwell Circuit Editor. Again, excitation circuit
which is shown in Fig. 11, is drown in Simplorer.
Middle block is Maxwell component which is added as
a dynamic inductance. Then, Ac source, capacitance
and resistance value should be set. Now Ac analysis is
setup. In Fig. 12 and Fig. 13, in the result, wireless
power transfer efficiency with linear and logarithm
axis scaling is shown.

144

e | x | v |

207405
a0.80
o
s 7
%0.60 —
5p.60
£ 7
%0403
s ]
N
g0.20
E |
0.00
0.00 20100 4000 60.00 80,00 100.00

F[MHZ

Figure 12: Wireless power transfer efficiency with linear
axis scaling.
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Figure 13: Wireless power transfer efficiency with
logarithm axis scaling.

E. Shielding Effectiveness

The low voltage of 1 mV is blocked by permanent
magnet NdFe35 shield plate at a distance of 1 mm. The
voltage value is then set to 10 V. Another point is that
if CC could be analyzed in magnetostatic solution and
its matrix parameters must be eliminated. It is now
possible to do sampling from the axial magnetic field
by drawing a line along the coil axis. The position of
two NdFe35 plates is at a distance of 1 mm above and
below the CC pair.

Its magnetic field density is shown in Fig. 14 in solid
line where two squares show this position’s the effect
of two PM plates. The dotted line is magnetic field
density of two coils with non-PM plates by zoom in
2500 times greater. By increasing the distance
between plates to 100 mm and 1000 mm, axial
magnetic fields are found to be 0.0031 T and 0.0006 T,
respectively. Based on works have been done in [12],
the shielding effectiveness (SE) formula is (11), which
is the amplified decibel-receiving voltage ratio of
unshielded to the shielded case.



SE = 20log 2 (1)

2

where E; and E; are received voltage values without
and with the material present, respectively. This
equation is proved by some experimental results in
[10]. The effect of thickness, material, and a layer of
shield and voltage source frequency on the inductance
value is also analyzed in [29, 30]. This means that the
work can be done in magnetostatic solution.

v Fot
p— EYEFEEN g,
anl a
anns® Traaa

] * Iy
1.00 - "" ..i.
e a,

Ge o
Solid line: Magnetic field density by two NdFe35 plates — Mag_B

Setupl : LastAdapti...
3 Mag_B_1 x 2500
= 1 Imported

000 500 1000 1500 2000 2500
Distance mm]

Figure 14: Axial magnetic field density. Distance is the
length that is placed on the axis of two coils.

5. EXPERIMENTAL RESULTS

A. Tightening and adjusting the resonance frequency

Equation (7) to (11) are proved by using the
experimental results of two coils in [10] and [31] and
four coils in [32-34]. In our paper, these experiments
are done by an oscilloscope (Gw INSTEK GOS-635G)
and the function generator (Gw INSTEK SFG-2104).
The theoretical analyses are then validated by the
measurements carried out. Changing the volume
frequency, the resonance frequency for the given coils
and capacitance pairs is determined. At the first, the
CC pairs described in (8), Fig.5 is prepared. Their
capacitance is changed to C = 220 pF. By volume
tuning, the resonance frequency is found to be f =
2.833 MHz at the laboratory. At this frequency, the
maximum voltage is transferred. Based on the
laboratory results, the received voltage is
considerable. By increasing the distances between the
coils based on Table 5, the receiver-induced voltage is
decreased. There is a little difference between the
calculated and measured values for the resonance
frequencies. In order to ensure realistic conditions, the
resistance of the inductor should be considered for
calculating resonance frequency. In Fig. 15, resonance
circuit model is shown. Then, the resonance frequency
is extracted by Laplace transform and calculating the
inductance. Now, the inductance imaginary part is
equalled to zero and (12) is found in [35]. As it is seen,
the resonant frequency is dependent on the coil
resistance. By replacing (12) in impedance, (13) and
(14) are obtained:
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. i_(ijz (12)
tc (L
Z( o): R (13)
RRRC+L
RL
Vo(mo):||s(mo)|m (14)

In this case, the voltage amplitude is not the
maximum at wo but it is the maximum at wy, which is:

=0, =(x-y)" (15)

b)"”*,a= (Lé)z [1+ 2%)

()
L) LC L

This frequency is achieved by differentiating Vo (wo)
versus wy. The capacitance is now set to C = 470 pF
and its resonance frequency is calculated for the
parameters: f = 2.1 MHz, d = 50 mm, v = 1.8 V, and v;
= 1.1 V. In this case, PM shielding is done. A circular
PM disc with a diameter of 55 mm and thickness of 10
mm is placed between the two coils. And V; is reduced
to 0.19 V for which SE is 15.25 dB. For d = 30 mm, v is
decreased from 2.8 V to 0.27 V, yielding SE of 20.31
dB.

By increasing frequency to f = 2.28 MHz, v; is also
increased. The resonance frequency is increased using
the PM, but the receiver voltage is decreased. The
shifting of the resonance frequency is useful. When the
sample is presented, the resonance frequency is
shifted. In the case that shielding is considered, the
resonance frequency remains unchanged.

This is followed using the effective ferrite plate
shield by which the resonance frequency is increased
to 2.16 MHz. Through the ferrite plate shielding and d
= 30 mm, v; is decreased from 2 V to 0.65 V and SE is
9.76 dB. Attenuation of the receiver-induced voltage is
clearly validated in both shielding states.

Electromagnetic shielding is a problem inside the
MRI but it is a solution outside it. Naturally, we get
shielding with distance because electric and magnetic
fields and power density are reduced by increasing the
distance. Shielding effectiveness is more dependent on
geometry rather than on material. If one has an
infinitely large metal plate or metal enclosure, one
could shield everything. There are two basic
experimental methods to measure SE which are
waveguide and free space, as reported in [36]. It
should be noted that the second method is used in the
present paper.

x=(a+

(16)
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TABLE 4
IMPACT OF DISTANCE ON INDUCED VOLTAGE

Distance [mm] Vi V2
10 2.4 15.5
20 2.4 8.5
30 2.4 4.2
40 2.4 2.5

Figure 15: Resonance circuit model using realistic inductor.

B. Evaluation of the proposed method in an example RF
Transceiver coil

Finally, the PCB is designed for the desired static
coil. That is, the values of the capacitance and
inductance are dependent on the resonance frequency,
and the frequency is dependent on the static coil
magnetic field density. In Fig. 16, the PCB which is
designed using Proteus software is shown. Here, the
tracks are thicker to reduce the effects of noise. It is
also possible to abandon the parallel diodes and the Tx
connector and use an SMA (RF-BNC) instead of the Rx
connector. Parallel capacitor (Cm) and series capacitor
(Cy) are used respectively for further matching and
tuning and the equation of calculating their values, is
mentioned in [37]. The RF coil here is of solenoid type,
so that the sample can easily be placed inside it. Here
the amount of inductance is calculated using software
and measured by RLC-meter (DM4070), and they do
not differ significantly. For example, by fixing the static
field value equal to By = 0.12 (T) and the value of the
solenoid coil inductance is equal to L = 6.2 (uH) which
is measured by DM4070 (diameter and length of
solenoid is respectively 7.5 (mm) and 20 (mm) and
with 40 turns, then by simple formula
L=N72/R=5.05(uH), and by Maxwell: 5.9 (uH) is
achieved (helical coil should be designed not solid
cylindrical), which is acceptable), the angular
frequency is based on the relation w = yBo = 32.1
(MHz), and the Larmor frequency is f = 5.109 (MHz).
Where vy is the gyromagnetic ratio for the proton and
is equal to 2.675x104 for glycerin. The resistance is
assumed to be R = 1.2 (Q). Interestingly, the coil
resistance (measured by DM4070) is R;, = 0.2 (1) and
the external resistance is 1.0 (). And by the equations
given in reference [37], C; and Cy, values respectively
are achieved as 163 (pF) and 3973 (pF). When the
resistance R is assumed to be larger than the above
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value, the result will have a less capacity of C. And by
changing the amount of coil inductance, both C; and Cy,
are changed. This means that for a fixed frequency,
more than one circuit with different components can
be considered.

Transciever Coil

(t (pf)

Cw (pf)

Figure 16: PCB layout which is designed for low-cost MRI.

Figure 17: The final RF resonant circuit.

6. SUMMARY AND CONCLUSION

Due to the priority of Maxwell simulations, in the
first step, the magnetostatic solution is found and the
inductance is extracted. As seen from Maxwell and
MATLAB simulation results, they are nearly close each
other. In the second step, the transient solution is
analyzed and the receiver-induced voltage is
maximized by adding the resonance capacitance
across the windings. The capacitance value obtained
by the formula is nearly the same as the simulation
value. So, it is possible to design all resonance circuits
accurately by ANSYS in two steps without using any
complicated analytical or numerical methods. Another
method for maximizing the induced voltage is
reducing the distance. In addition, the effect of
distance and shielding is tracked. In this paper, it is
generally accepted that electromagnetic shielding
plays an important role in RF coil design for MRI. It is
also possible to use ANSYS HFSS, in order to obtain the
best design e.g. drawing and modelling setup for
special RF coils.
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