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INDUCTION HYPERTHERMIA/SHIELDING

Radio therapy for treating breast cancer requires suitable amount of heating
temperature. By generation a low-frequency high-energy electromagnetic field wave
will introduces heat distribution to the breast cancer region. A technique to control
magnetic field intensity toward directly into cylindrical shielding is employed to
control the heat distribution this technique is verified by simulations of heat
distribution in artificial-breast substance using CST EM STUDIO software. The
simulations show that the heating region can be controlled by the size of cylindrical
shields and the position of the ferrite core. The ferrite core and cylindrical shields are
built. We perform experiments to validate this technique and the results show the
breast-cancer region without affecting other nearby areas are proposed the heating

position can be controlled with the desired efficiently application.
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P = ANUNUUUYDIIAR
Cp = specific heat

0 = angular frequency

A = wavelength

L = Funiieni

C = RIGITIEER)

J = anurdulszy Trdh
1 = period

t = time

t, = time delay

DC = direct current

IEEE = the Institute of Electrical and Electronics Engineers
PCB = printed circuit board

rms = root mean square
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Development of Inductive Regional Heating By
Energy Control at Frequency 2.45 GHz
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Abstract— This research focused on the adjustment of the
heating distribution by controlling the energy supplied to
the induction coil at the frequency of 2.45 GHz. The
objective is to determine the area which the heat is
uniformly distributed. The result from this research was
helieved to he effectively applied to the cancer treatment.
The main equipment in the experiment was the induction
coils which were sets of two coils and four ceils, and each
coil has its own power-supply unit. The result showed that
the activation of supply units ene at a time generated more
heating area than the one when all units were activated at
the same time. Moreover, the heating area depended cn
the number of ceils and the temperature, so the
understanding of these factors on the heat generation
would significantly benefit the cancer treatment in the

future.

[ INTRODUCTION

At present, the cancer treafments include surgery,
chemotherapy and radicactive treatment. The heat treatment is
recognized as an effective way to cure the cancer by applying
the heat directly to the cancer cells. The heat distributions
include the radic [requency induction, dielectric heating,
microwave heating and ultrasonic wave heating [1). The
heating temperature increased for 1.5 to 2.5 Celsius degrees
per minute until it reached the value of 41 to 42 Celsius
degrees, and it was kept constant for one hour. The operating
frequency was varied between 73, 430, 2450 and 9000 MHz
while there was an attempt to use the antenna to distribute the
wave right on the cancer cells. This approach was proved to
be effective for the case that the cell was tiny or deep into the
skin. However, it would cause an enormous pain to the
patients. The example of the experiment was conducted ou the
pig livers where the antenna was operated at the frequency of
915 MHz and its input equalled 50 Watt [21. The result showed
that the increment of the heating area and temperature
depended on the volume of the magnetic elements. Opposed
o the above technique, the injection locking was deployed
when the cancer cell was large and not deep in the skin, so
there was no need for the operation and it did not cause the
pain. However, the arrangement for the right position of the
antenna was important to the effective treatment of the cancer
cells [31. For example, the ferrite coils with the supply unit (4
MHz and 600 W) would increase the heating area when coils
were equipped with the electrode (4]. In this research, the

heating-induction coil was operated at 2.45 GITz with the 700
W omagnetron tube (model M24FA-410A). There were two
sets of coils used in this experiment: two coils and four coils,
and each coil had its own power supply. The experiment was
conducted on the element (composing NaCl 0.4%, NaN;
0.02%, Agar 49%) which imitated the cancer cell.

II. ANALYSIS

The magnetic field and eddy current distribution. In this
analysis, the following [undamental equation for vector
potential A, which takes the eddy current into consideration, is
used. Solving the above equation for A by the Galerkin
method, the magnetic field and eddy current distribution are
calculated [5). and it was applied to the design of the spiral-
induction coil with two coils and four coils (equation (2} and
(3) respectively).

A

Vx(WxA)=-0 PRl
t

Where ¥ is magnetic reluctance, .70 is Forced Current

Density, ¢ is Conductivity and¢®  is Electric Potential.
Dl)
D,

o

Fig 1. The desipn of two coils and four ceils of spiral inducticn
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NixA*
L=——— @
304-11D,
D+ NW+S
A= TN TD) é 38 (3)

Where I}y is inner diameter, N is Number of tums, W

is wire diameter,$ is tum spacing, I, is inductance and

D, is outer diameter.

III. CONSTRUCTION OF INDUCTION COIL

The two and four ceils spiral mduction coil are used that
have 2 mm in diameter and 1 micro Henry. Fig 2 shows 40
millimetres of outer diameter(Do), 1 millimetres of tuwn
spacing(S), as shows fig .3(a) shows two ceils of induction
coil and fig .3(b) shows four coils of induction coil that have
independent feeding emergy for each coil. The lessy mediim
or human muscle phantom is rectangular shape and 9 cm of
diameter(F), 5 om of height(H). Microwave magnetrons
(M24Fa-410A) is generator te produce 2.45 GHz, 700 W. The
power can transfer into a 9x 20 x3 Cm’ cavity which is
coupled by a A/4 probe to each ceil through a 1 m RG &/U
coaxial cable. These receive the electro-magneatic wave and
transmit to inducticn ceil that have automatic time to centrol
feeding energy of each coil series. Fig.4 shows the equipment
and strument comprise with generator to produce 2.45 GHz,
700 W, induction coil and lossy medium.

Fig 3. Inductioncoil and lossy medium (a) two coils of induction coil (b)
four coils of induction coil

Fig 4. The equipment and instrument

IV. MEASUREMENT AND RESULT CONCLUSIONS

According to the result, the specimen had twe layers, and
the upper layer was 2.5 cm in depth so it was sasily monitored
by using the thermal imager. The temperature of the specimen
at the beginning of the measurement was 27 Celsins degrees.
The timing circuit was set te control turn on the supply unit
for 10, 15 and 20 second respectively. The distance between
the mductien coil and the specimen was 1 mm, and the
experiment was conducted inte two stages: turning on each
power supply one by cne and turning on all power supply
units at the same time. A two coils of induction coil
transferred energy from A to B and can also switch to
opposite directions shewn in fig 3(a). A four coils of
induction coil transferred energy from A to B, € and D in
fig 3(b).

In figure 5 and 6 showed the comparison results of
heating area from lossy medium. The experimental procadures
were performed by : feading energy to both coils turning on
all power supply and feeding energy to beth coils tuming on
each power supply one by ene . The results showed that when
energy was tuming on all power supply, the twe coils of
inductien ceil displayed the highest temperature at 45.6
Celsius degrees (figure 5a), and the four coils of induction
ceil presented the highest temperature at 46 Celsius degrees
(figure 6a). On the other hand, less temperature with larger
heat distributing area was obtained when both coils was

820
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fuming on each power supply one by one. The results from
the two coils of induetion coil were shown in Figure 5 (b), (g)
and (1), and the results from the four eoils irdustion coil were
showm In Figure 5 (b), () and (d), respectively.
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33

L 287
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Figs. 6 Size of dismibution eraperames of lossy medimn for 4 indnetian coil
seTies [4) Bvary irduction cofl serizs are Teceived energy at the same trne
b3, (c), () Each induction cail series is received energy lossy medion for
1058, 15 5o and 20 seo, Tepectively

VI CONCLUSIONS

When the power supply unit was turned on in order tone at
4 time) generated more heating area than the one when all

units were activated. Maoreover, the mmmber of units was an.

important factor, sinee the heating area depended on the
nurnber of supply units tuned on. Therefore, the heat

distribution for caneer cell by wsing the individual supply with.

the timing circuit was an effective approach to apply to the
“ganesr treatment with the low cost.
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Abstract

A Closing magnetic field region simulation wilthin  breast
cancer hyperthermia is presented by using the finile element
method which has 4MHz frequency electromagnetic source.
This exciled induclor, since il is arise magnelic lield al
cancer region. Magnetic field flow cross breast cancer region
thal has loss in medium and lransform to heal al cancer with
temperature it 42-43°C  This temperature is used to freat
cancer region, which the nearby region is effecled also by
the magretic field radiation. In order to decreasing the
alleclation ol magnelic field radialion lo olher region around
breast, the magnetic field shield is developed in various
models. The comparison of malerial whose conduclance
factor of each metal and thickness are used to design
sguare formed shielding models. The resull of form factor
analysis is in produced how to create shield model of breast.
the designed shield model of breast could decrease the
affect of magnetic field to other region. Then, only the
breast region under heating process could be observed. The
result shown that the sguared shape-shield with high
conduclance and permeabilily was the besl design lo
minimize or o decrease the effect of those magnelic field
radiation.

Keywords: Magnetic Fields shield, Hyperthermia, Breast

Cancer
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Abstract — Radio-therapy for breast cancer requires regional heating with specific temperature. The
temperature is directly proportional to magnetic field intensity. In this paper, we propose a technique to
control magnetic field intensity by using a cylindrical shielding with aperture. To determine heat distribution
in the breast, electric loss density is analyzed for various aperture sizes of the shielding cylinder using full
wave 3-D simulation. In the simulation, the applicator is fed by a 4 MHz source. The applicator is a ferrite
cylinder with diameter of 7 em. The simulations show that size of heating region can be controlled by the
aperture size. We investigate the position of heating region by varying the ferrite core orientation and position
in y-axis direction. We show that the ferrite orientation can relocate the heating area from the top to the side
of the heating body. The effect of vertical position of the ferrite core to the heating location is also studied.
Simulations show that the heating position for the ferrite core without shielding is changed whereas the
heating location is insensitive to the y-axis position of the ferrite core with cylindrical shield.

Introduction

Breast cancer can be treated effectively by various methods such as surgical excision, chemotherapy
and radio therapy including hyperthermia [1] which is one of noninvasive techniques. There are few
techniques for noninvasive deep hyperthermia. Most of microwave heating methods could not be used
for deep hyperthermia duc to skin depth effect. Low frequency technique is possible for deep
treatment, however. The temperature in cancer cell can be increased by induction. To induce heat in
the cancer cell, strong magnetic field has to penetrate the cancer cell to generate eddy current in the
cell which can be visualized as electric loss. The eddy current will increase the cell temperature. The
temperature of normal cells due to eddy current is constant since the cancer cell is more conductive
than normal cell. Nevertheless, the direction of magnetic field is important for localizing the heating
region. Moreover, the magnetic field intensity is crucial for hyperthermia treatment since it controls
tissue temperature. It has been shown that magnetic core orientation and position can control the field
distribution in both horizon and vertical direction [2]. To concentrate magnetic ficld to a specific
region, a shielding system 1s installed at the magnetic core [2]. The location of heating can be
controlled by moving the ferrite core.

The shielding system in [2] utilizes two metal plates to control the vertical magnetic field. One metal
plate is placed between two ferrite cores and other two metal plates are placed closed to the ferrite
cores. This configuration provides control over the vertical field and, hence, the heating location can
be determined by the ferrite cores location. However, the magnetic field will leak thought the unshield
side of the ferrite cores. The leakage of magnetic field results in difficulty of controlling the heating
arca. In this paper, we propose a shiclding system which can control the vertical magnetic field
intensity by using cylindrical shiclding. Performance of the shiclding system is evaluated by full wave
3-D simulation. The proposed shielding system 1s a cylindrical metal with aperture. The magnetic
applicator is located inside this shiclding cylinder. We show that the magnetic ficld intensity can be
regulated by varying the aperture size. Hence, the temperature in the heating body can be controlled by
the size of shielding aperture. The penetration depth is also determined by the aperture size. Moreover,
we show that the heating location can be relocated by changing the orientation of the ferrite core.
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Shielding Performance Simulation Results

The proposed shielding system consists of a shielding plate and two cylinders as shown in Fig. 1. The
shielding system in [2] consists of a metal plate to contral the magnetic field from a single side of the
core. Unlike the shielding system in [2], the proposed shielding system controls the vertical by
enclosing the ferrite core with a cylindrical shield with aperture. Since placing the shielding plate only
one side of the ferrite core can control the magnetic field only one side, it will be magnetic field leak
in the opposite side of the shielding plate. This magnetic field leakage results in spreading of the
heating region. Thus, it is difficult to control the heating area. The proposed shielding system limits
the magnetic field around the ferrite cores to confine the field in horizontal direction. Most of the
vertical magnetic field will penetrate into the heating body via the aperture and, hence the heating
region size can be determining by the aperture size.

Megnetic shickl cylinder

\

| High power oscillator |

Shielding Box

=
§
'

Fig. 1. Schematic of the applicator system. Fig 2. Simulation model

To verify the field distribution on the heating body, full wave 3-D numerical simulation is performed
using commercial software, CST Microwave Studio 2009. The schematic of the simulation is shown in
Fig. 2. The heating body is made from agar phantom with conductivity, relative permeability and
relative permittivity are 0.62 s/m, | and 130 respectively. The magnetic shield plate and cylinders are
metal with conductivity of 5.84e4 s/m. The ferrite core is a highly magnetic material with
conductivity 0.001 s/m and relative permeability 200. We evaluate electric loss density for the heating
body. The ferrite core is excited by 4 MHz signal. The aperture sizes in the simulation are 7 cm, 5 cm
and 4 cm. Electric loss density images for all aperture sizes are shown in Fig 3. The heating region
spread over the large area when the ferrite core is unshielded as shown in Fig 3(a). When the aperture
size 18 7 cm, the heating region size is confined in smaller area as shown in Fig 3(b). It can be seen
from Fig 3 (c) and (d) that the heating region size is reduced when the aperture size is smaller. The
penetration depth varies with the aperture size. It can be observed that the depth is for large aperture
size is deeper than small aperture size. The heating efficiency of the cores without shield is higher then
shielded core as shown in Fig 4. The maximum electric loss density for the core without shield is 281
W/ whereas the maximun electric loss for shielded core is 153 W /> for the largest aperture size
of 7 cm. Tt can be observed that the electric loss density decreases as the aperture size decreases. The
maximum electric loss density for aperture size 7 cm, 5 cm and 4 cm are 153 W/m?, 124 W/m?> and

95.8 W/m" respectively.
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We evaluate the heating location by changing both shielded and unshielded ferrite cores orientation.
The ferrite cores with 90-degree and 45-degree orientation are investigated. In unshielded ferrite core,
the heating area is larger than the parallel cores for both orientation settings. The heat spot can be
observed on the side of heating body when the ferrite cores are perpendicular. The maximum electric
loss densities are 277 W/m? and 240 W/in? for 90-degree and 45-degree orientation respectively. In
the shiclded cores, the aperture size is 7 cm in the simulation for both orientations. There are two
heating spots when two cores are in perpendicular configuration. Heat 1s more concentrated on the side
than the top of the heating body as shown in Fig. 4c. When the cores are 45 degree to each other, most
of heat is on the top of the heating body as shown in Fig .4d. It can be observed that the heating
efficiency for this configuration is lower than the parallel ferrite core configuration. However, the
heating area is larger than the parallel configuration and the heating depth is deeper than the parallel
configuration. The maximum electric loss densities for the 90-degree and 45-degree orientation are
139 W/an? and 123 W/m® respectively. In this case, the heating efficiency is similar for both
configurations since the aperture size is identical. i.e. 7 cm.

W/m~3 H/m~3
zo1 153
129
237
702 oy
167 i n
132 —

52.7

96.5 33.5
61.4 1.4

26.3

[
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W/me3 W/m~3

124
185 89.8
BY.3 68.8
4.8 56.9
58.3 14.9
2.7 32.9
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11.7 .i]'

6 a |

Fig 3. Electric loss densitly image of the heating body a) ferrite core without shielding b) cylindrical
shielding with 7 em aperture c¢) cylindrical shiclding with 5 cm aperture d) cylindrical shiclding with 4
cm aperture.

Fig 5 shows the heating location when the ferrite core is moved from the original position by
8 cm in y-axis direction. It can be seen that the ferrite core without shielding generates broad
arca of heat and the heat is more concentrated on the left of the heating body. For shielded
ferrite cores. the heat is concentrated on the right of the heating body which is similar to the
heating location of the original core position in Fig 3b. This result shows that the heating
location for the ferrite core with shield does not vary with the location of the core mn y-
direction while the heating location 1s changed for unshielded cores. The maximum electric
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loss densities for unshielded and shielded are 392 W/m? and 156 W/m* respectively. The
heating efliciency for unshielded cores 1s higher than shielded core and it is consistent with
the previous results. The heating penetration for shielded cores is deeper than unshielded
cores. This result is consistent with the parallel core configuration.

Wiw~3 H/nid
277 el
282
= 107
165 142
138 112
95.4 HZ.4
26 225
8 @
Wim™3 W3
133 b3
117 P
. 108 239
82.6 57.5
65.7 1.2
|_ 17-8 76.8
0.4 - } 11.5
= 13 .
) B

Fig 4. Electric loss density image of the heating body for the shielding cylinder with 7 cm aperture a)
two ferrite cores are perpendicular b) two ferrite cores are 45 degree angle.
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Fig 5. Electric loss density image of the heating body for a) unshielded ferrite cores and shielded
ferrite cores. The cores location 1s 8 cm offset from the original position.
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We further investigate the effect of distance of the ferrite core in y-direction to the heating
location. The simulation results in Fig 6 show that the heating locations are 1dentical for the
distance of 4 and 8 c¢m in y-direction. The maximum electric loss density are W/m®* and 152
W/m? for both core distances. The heating efficiency is also similar for both core distances
since the aperture size is identical. The heating depth is almost identical for both core
distances. The results show that the heating area, position and depth is not sensitive to the
vertical core position for cylindrical shield.

H/m™3
147
124
186
87.4
69
LB.G
3z.2
13.8
-]

: Loss Density (r
's"3 at Z1.3 J 3 s 33,

ic Loss Density (ro

2 W/m"3 ot 21.3 f 3 /

a b

Fig 6. Electric loss density image of the heating body for shiclded ferrite cores with 7 cm aperture.
The cores locations are 4 em (a) and 8 cm (b) offset from the original position.

Discussion

The simulations show that the heating area can be controlled by aperture size. The heating
area is proportional to the aperture size. It is difficult to limit heating areca when the cores are
unshielded. However, the heating efficiency is reduced as the aperture size decreases. If the small
heating area is needed, it may require longer treatment time. Moreover, the heating depth is
proportional to the aperture size. Deeper penetration requires smaller aperture size. The heating
location can be varied by changing core orientation. However, the simulations show that the heating
location is difficult to predict. By moving the ferrite cores vertically, the heating location and area are
altered dramatically for unshielded ferrite cores whereas the heating position and arca are slightly
different for shielded cores. Simulations show that the heating area and depth can be controlled by the
aperture size of cylindrical shield. The cores vertical position has almost no effect on the heating area
and position for shiclded cores. In contrast, heating area and position is difficult to predict when
unshielded cores are used.
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Conclusion

In this paper, we study the effect of cylindrical shield to heating area, depth and location of induction
heating for breast cancer hyperthermia treatment. The heating area is determined by the aperture size
of the cylindrical shield. In unshielded cores, the heating area spreads unpredictably, and, hence, it is
difficult to limit the heating area. Moreover, the cylindrical shield provides a convenient way to
control the heating depth via the aperture size. The location of heating can be moved by changing the
core orientation. Nevertheless, the location is difficult to predict and it is possible to generate more
than one heat arca. Although, moving unshielded cores vertically can change the heating area, two
heating arcas are generated in the heating body. Vertical movement of the shiclded ferrite cores
slightly affects the heating area. The simulations show that the heating arca and location can be
effectively controlled by using the cylindrical shield with adjustable aperture size. The heating area is
proportion to the aperture size. The location is determined by the horizontal core position. However,
the heating efficiency of the shiclded cores is less than unshiclded cores. More treatment time may be
required to heat the cancer cell to desire temperature.
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Abstract

For cancer Hyperthermia heating, the techniques for
shielding and radiated protection of the magnetic field leak thought the
unshield region are introduced to this paper. The induced coil with
diameter 7-cm > 20 em. length-ferrite cores is fed with 4MHz radio
wave source to distribute electromagnetic field into cancer-cell
simulation. The strong magnetic field generate eddy current inducing
heat in the cancer cell more than normal cell which can be visualized as
electric loss. To reduce the field distribution on the heating body, those
configuration copper shield plate is used to close. It has enclosed with

rectangular shape that the 7-em opening wave-slot. The nearby region

which is not treatment will decrease magnetic field. By simulation, we
adjusted position of pole from using shield to compare and show electric
loss density. T'he experiment result use power to activate coil is 960 W
for 10 minute. The temperature distributions correspond to electric loss
density simulation. Shield can reduce the affect of field distribution to

the unshield region of the hyperthermia treatment.

Kevwords : Magnetic Fields Shield, Inductive Hvperthermia
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