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Applicator Added Back Yoke Composed of Magnetic Sheet for Hyperthermia Therapy 
�

�����*1����������*1�����*1

�

�

Sotoshi YAMADA*1(Mem), Yoshio IKEHATA*1, Ryohei HAYASHI*1

Induction heating type hyperthermia treatment needs both high magnetic fields (> 2 mT) and a few hundred kHz 
inside of a body to heat magnetic particles and implant materials up to 43� . We proposed the 
double-pancake type coils sandwiching human body� The exciting coils of human scale could generate magnetic 
fields with both magnitude and frequency required to a medical treatment. In order to make magnetic fields inside a 
deep body further increase, we proposed that a back yoke as magnetic materials was added to both coils. The paper 
discussed magnetic- and electrical-circuit characteristics of the coils with a magnetic sheet and ferrite as back yoke. 
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Fig. 1 Double-pancake exciting coil. 

Fig. 2 Pancake exciting coil. 

Fig. 3 Position adjustment of pancake coils.

(a) Without back yoke.  (b) With back yoke. 
Fig. 4 Distribution of magnetic fields. (Irms=100 A) 
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Fig. 5 MnZn ferrite core of fan shape. 

(a) Magnetic sheet .(NEC/TOKIN,  (b) Coil with back yoke. 
 Busteraid EFX�)         

Fig. 6 Back yoke composed of magnetic sheet.

Table 1. Comparison between ferrite and magnetic sheet�

 Ferrite Magnetic sheet 

Specific [g/cm3] 4.8~4.9 2.8~3.2 
Relative 

permeability 2,250  at 100kHz 100  at 1 MHz 

Weight 660 g / fan shape 105 g / sheet 

(a) Change of position.  (b) Change of inclination
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Fig. 7 Magnetic distribution between pancake coils.

Fig. 8 Magnetic distribution above pancake coil.  

(a) m = 6 (270/360°).   (b)  m = 3 (135/360°). 
Fig. 9 Exciting coil with back yoke in part. (Ferrite) 
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Table 2. Comparison of magnetic flux density. 

 Ferrite Magnetic sheet 

Enhancement rate 
of B at the center [%] 50  30~40 

Decreasing rate 
of B outside back yoke [%] 70~75 60~70 
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(b) Magnetic distribution among pancake coils with 
back yoke. (Ferrite) 

(a) Magnetic distribution above pancake coil with 
back yoke. (Ferrite) 

Fig.10 Magnetic field distribution above pancake coil.
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Fig. 11 Equivalent circuit of magnetic field generator.

Fig. 12 Self-inductance for pancake coil with 
back yoke. (With ferrite core) 

Fig. 13 Self-inductance for pancake coil with back 
yoke. (With magnetic sheet) 
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Fig. 14 Parameters of equivalent circuit for coil. 
(With ferrite) 

Fig. 15 Parameters of equivalent circuit for coil. 
(With magnetic sheet) 
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(a) Measuring circuit.    (b) Equivalent circuit.


