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1.INTRODUCTION. Hyperthermia is a cancer treatment to heat tumors up to therapeutic temperatures
(42-45°C) without overheating the surrounding normal tissuc (1). The multiple coaxial-slot antenna is an
applicator for interstitial microwave hyperthermia(2). The antenna is commonly used as an array applicator
for large-volume tumors. In this paper the characteristics of the array applicator will be investigated
theoretically by using the basic antenna structure with single-slot. Two array structures (a square array or
a hexagonal array) and two operating frequencics (430 MHz or 915 MHz) are chosen to discuss their effect
on both the current distribution and the SAR (specific absorption rate) distribution.
2.STRUCTURE OF THE ANTENNA. Fig. 1 shows the basic structure of a single coaxial-slot antenna,
the element of the array applicator. It is made from a coaxial semi-rigid cable of 0.86 mm in outer diameter.
A ring slot is cut on the outer conductor and the tip of the cable is short-circuited. A thin plastic catheter covers
each array element for medical safety.

3. METHODS. The analysis model is depicted in Fig.2. For simplicity, the cable in the air is modeled with
finite length. The human body is considered as homogeneous muscular tissue. The muscle medium and the
air are referred to as medium 1 and medium 2. The relative complex permittivities of the muscle medium are
53-j59 at 430 MHz or 51-j31 at 915 MHz, and that of the catheter is 2.1. The catheter is replaced with the
equivalent polarization current. The electric field source at the ring slot is replaced by a narrow strip of
magnetic current, which is generated by feeding the voltage at the slot. The full-wave Green's function used
is expressed by a series of exponential functions (2). The electric current distribution in the conductor of the
antenna is calculated by using the moment method (3). The current distribution is approximated by a series
of expansion functions F, such that
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According to the electric field boundary condition on the conductor of the antenna, the matrix form of the
simultancous lincar equation is written as Eq.(4).

(2, 12,)=[V,] (4)

The current distribution will be derived from solving the matrix equations in Eq.(4).
Heating ability of the antenna is cvaluated by the SAR distribution, which is defined as Eq.(5).
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where o is the conductivity, £ is the density of medium and E is the electric ficld around the antenna. In the
calculation, a=1.41{S/m] at 430 MHz or 1.58 [S/m] at 915 MHz, and £ =1000[kg/m’] arc used. Electric
field distribution around the array is derived from the electric current distribution.

4. STRUCTURE OF THE ARRAY APPLICATOR. Fig.3 shows the structures of the square array and
the hexagonal array. In this paper the array spacing As and the antenna insertion depth Dt are set at 15 [mm]
or 70 [mmy}, respectively. The observation planes for the SAR distribution are shown in the Figure. All array
elements are driven in the same feeding voltage and in phase.

5. CALCULATED RESULT, Figures 4 and 5 show the current distributions along an array element for
various operating frequencics and for various array structures, respectively. The current distributions are
changed in varying operating frequencies and array structures. Figures 6, 7 and 8 show calculated SAR
distributions. Higher SAR is obtained at 915 MHz than at 430 MHz ( See Figs, 6 and 7), and larger heating
area is derived in t-plane of the hexagonal array than that of the square array ( See Figs. 6 and 8).

6. CONCLUSION., We have discussed the effect of the structure of the array applicator and the operating
frequency on heating characleristics of the array applicator; both on the current distribution and the SAR
distribution. For theoretical study, a simplified analysis model has been proposed. These results are
applicable to various clinical cases and are helpful for designing such type interstitial antennas.
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Fig.1 A single coaxial-slot antenna. Fig.2 Analysis model.
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Fig.4 Dependence of the current distribution on the operating frequency.
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Fig.5 Dependence of the current distribution on the array structure (430 MHz).
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Fig. 6 SAR distribution of the square array at 430 MHz.
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Fig. 7 SAR distribution of the square array at 915 MHz.
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Fig. 8 SAR distribution of the hexagonal array at 430 MHz.
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