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Abstract

This paper presents a numerical simulation of electromagnetic fields-head tissue

models interactions using the finite-difference-time-domain-alternating-direction-implicit (FDTD-
ADI) method. Detailed models of the human head are implemented to investigate the effect of
the tissue location and a physical antenna model. The specific absorbtion rates (SAR) in various
tissues are calculated at various cross-sections of the head model. Simulations using the FDTD-
ADI formulation with the transparent absorbing boundary (TAB) are presented to demonstrate
the accuracy and the unconditional stable property of the ADI scheme.

1. Introduction

The FDTD [1-2] is a well-known method which can predict the electromagnetic
behavior accurately. The main advantages of FDTD-based techniques are its simplicity and
the ability to handle complex geometry. The field at each grid point is calculated explicitly
using only adjacent field's values at previous time. Despite its simplicity and flexibility, the
FDTD schemes have been limited to only solving electrically small structure problems. The
main reason is that the time step in the FDTD scheme must be small enough in order to
satisfy the Courant-Friedrich-Levy(CFL) stability condition. The CFL condition can be
alleviated by a recently proposed alternating-direction implicit (ADI) time-stepping scheme
[3-6]. This greatly increases the computational efficiency of the FDTD method for class of
problems where the cell size of the 3-D space is constrained to be much smaller than the
shortest wavelength of the source field. In this paper, the FDTD-ADI scheme is implemented
for simulating the EM interaction between a handset-mounted antennas and the human head
tissues.The FDTD-ADI scheme is developed to solve the Maxwell's equations with the
transparent absorbing boundary(TAB) [7].



2. Formulation of the FDTD-ADI method
The FDTD method is derived from Maxwell's time-domain equation which is
expressed as
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Where E and H are the electric and magnetic field intensities and e mand s arethe
space-dependent permittivity, permeability, and conductivity, respectively. Each vector
equation of Maxwell's equations can be cast into three scalar partial differential equations in
the Cartesian coordinates. In contrast to the conventional FDTD formulation which only
requires one iteration to advance from the n" to (n+1)" time step, the FDTD-ADI formulation
[3-4] requires a sub-iteration to advance from n to n +1/2 and a second sub-iteration to
advance from n+1/2 to n+1. The detailed of implementation steps of the FDTD-ADI scheme
are outlined as follows:
Step 1. Choose Dt and set t=0
Step 2. Update E™  implicitly and Update H™** explicitly
Step 3. Update E™* implicitly and Update H™ explicitly
Stepd. t = t+Dx
Step 5.1f t >t gotostep?2
Step 6. Check for convergence. If satisfied, stop. Otherwise, go to step 1.
3. Transparent Absorbing Boundary
The transparent absorbing boundary (TAB) used in this paper was derived by Peng
and Balanis [7]. The unbounded computational domain is truncated by using a special function
F(1). By introducing a set of auxiliary fields ¢ ,ryand fe,ry in the computational domain with
the defined definition as
E(t,r) =F(N)E,(t,r) 3)
H(t,r) =F(r)H,(t,r) (4)
for r<r, where r, defines the closed truncation boundary, and F(r;) = 0. Note that all fields at



a boundary are reduced to zero. Details of the TAB formulation are presented in [7].
4, Computational results

The FDTD-ADI scheme based on auxiliary fields formulation was employed for calculating
the electromagnetic field quantities of a hand-held mobile phone with and without the presence
of a human head model in its close proximity. The specific absorbtion rate (SAR) defined as the
power absorbing per unit mass of was calculated . The model of the 900 MHz. hand-held
cellular phone was taken in the form of 15X6X3 cm perfectly electrically conducting rectangular
box with an antenna on its upper plane. A power of 2 W delivered to the antenna is employed in
the simulation.  SAR distributions at various cross-section of the head model are shown in Fig.
1-2. Comparing results with conventional FDTD[8], the number of time steps in the simulation
can be reduced by more than 50%.

Crossing Position F=200RH=z #1 ceils Head Model Section 21in x
30

25

20

15

10

| |
1 1
= 10 15 20

Contour plot of Sar

=0

0.8 25

-
oG 20

ooz

oot g

[HE ] 10 = 20

Fig. 1. SAR distribution at the X-cross section in the head model
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Fig. 2. SAR distribution at the Y-cross section in the head model



5. Conclusion

The FDTD-ADI scheme with the transparent absorbing boundary (TAB) is implemented

to analyze problems of electromagnetic field-human head interaction. The algorithm has
significant promise for stable and accurate FDTD modeling of electromagnetic wave
phenomena. As demonstrated in this paper and comparing results with the standard FDTD, the
number of time step in the simulation can be greatly reduced and the algorithm is
unconditionally stable . Also, the time-step size does not depend on the CFL condition.

Reference

L.

Yee, K. S., “ Numerical solution of initial boundary value problems involving Maxwell's
equations in isotropic media,” IEEE Trans. Antennas Propagat., Vol. AP-14, pp. 302-307,
May 1966.

Taflove, A., Computational Electrodynamics: The Finite-Difference Time-Domain Method.
Norwood MA: Artech House, 1996.

Namiki, T. and Ito, K., “A new FDTD algorithm free from the CFL condition restraint for a 2D-
TE wave,” IEEE Antennas Propagat. Symp. Dig., July 1999, pp. 192-195.

Zheng, F. and Chen, Z., “Toward the Development of a Three-Dimensional unconditionally
Stable Finite-Difference Time-Domain Method,” IEEE Trans. Microwave Theory Tech., vol. 48,
No. 9 september 2000, pp. 1550=1558.

Namiki, T., * 3-D ADI-FDTD Method-Unconditionally Stable Time-Domain Algorithm for
Solving Full vector Maxwell's equations”, IEEE Trans Microwave Theory Tech., vol. 48, No.
10, October 2000, pp.1743-1748.

Lin, G. and Gedney, S. D., “Perfectly layer media for an unconditionally stable 3-D ADI-
FDTD method,” IEEE Microwave Guided Wave Letters, vol. 10, no. 7, pp. 261-263.

Peng, J. and Balanis, C. A., “ A Generalized Reflection-Free Domain Truncation Method:
Transparent Absorbing Boundary,” IEEE Trans. Ant&prop. Vol. 40, No 7, July 1998,

Homsup, W and Khongdeach,” A Pure Scattered-field Based FDTD Method for Modeling the
EM Interaction of a Mobile Phone and the Human Head,” TACIT 2000, August 24-25, 2000,
Bangkok, Thailand, pp. 100-102.



