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Abstract; Alternating direction implicit finite difference time domain (ADI-FDTD) method is unconditionally stable and

the maximum time step is not limited by the Courant stability condition, but rather by numerical error. Compared with
the conventional FDTD method, the time step of ADI-FDTD can be enlarged arbitrarily and the CPU cost can be re-
duced. 2D perfectly matched layer (PML.) absorbing boundary condition is proposed to truncate computation space for
ADI-FDTD in dispersive media using recursive convolution(RC) method and the 2D PML formulations for dispersive me-
dia are derived. ADI-FDTD formulations for dispersive media can be obtained from the simplified PML formulations.
The scattering of target in dispersive soil is simulated under sine wave and Gaussian pulse excitations and numerical results
of ADI-FDTD with PML are compared with FDTD. Good agreement is observed. At the same time the CPU cost for

ADI-FDTD is obviously reduced.
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1. INTRODUCTION

The finite difference time domain(FDTD) method is
widely used for solving electromagnetic problems'!).
The Courant stability condition must be satisfied
when the method is used. Alternating direction im-
plicit finite difference time domain ( ADI-FDTD)
method proposed by Namiki is based on the alternat-
ing direction implicit technique and is applied to
Yee’s cell to solve Maxwell’ s equations!?3!. This
scheme is unconditionally stable and is not dissipa-
tive. Therefore, the time step can be set arbitrarily
and does not depend on the Courant stability condi-
tion, but rather on numerical error. The time step of
ADI-FDTD can be set much larger.than conventional
FDTD for a same simulation and it means that time
step number of ADI-FDTD can be less. Due to the
same level complication in one step for FDTD and
ADI-FDTD, the CPU cost for ADI-FDTD can be re-
duced. In fact the time step can not be set arbitrarily
to get good accuracy because the numerical dispersion
of ADI-FDTD is similar to conventional FDTDM!,
But when the minimum cell size in the computation is
much smaller than the wavelength, the time step of
ADI-FDTD can be much enlarged and result agree
well with conventional FDTD.

Recently, ADI-FDTD has been applied to scat-

(5], and been extended to dispersive

(6]

tering problem

media using Z-transform*®, auxiliary difference equa-
(7]

tionst”) and recursive convolution(RC) method®!. In

this paper, the perfectly matched layer (PML) ab-
sorbing boundary condition for ADI-FDTD in disper-
sive media is proposed, based on PML for dispersive
medial®!, ADI technique and RC method' ), The
PML formulations for Debye dispersion are derived.
The PML formulations for other dispersion can be de-
rived on the similar approach. ADI-FDTD formula-
tions for dispersive media can be obtained easily from
the PML formulations as a special case. At last the
scattering of cylinder in. soil is simulated under sine
wave and Gaussian pulse excitations.

2. PML FOR ADI-FDTD IN DISPERSIVE MEDIA

We consider 2D TE wave and the PML equations in
dispersive media with conductivity are written as fol-

lows'®
D i B, + o, = 2 (H“a; Ho) (1,
Dy oBy + 0.Ey = - ZHut Had -y
#ng-+a;Hu=~%§‘! (1c)
p By oom, = %P;x (1d)

For simplicity, we consider only the permittivity. In

time domain, we havel10]

D,(1) = egewE,(2) + 0| E,(t = t)yy(z)dr (2)
0

7=x,Y,€q is permittivity of free space, € is the in-
finite frequency relative permittivity, and y,(r) is
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the electric susceptibility of PML.
Let ¢ =nAt in Eq. (2), At is'time step, D, can
be written as
Dy = D,(nAt) = egewE,(nlz) +

nlt
eojo E,(nAt — )y, (r)dr (3)

All field components are assumed to be constant over
each time interval At /2, Eq. (3) can be written as

2n-1 (m+1)At2
D; = eoeEy + eOMEﬂ]E’;}‘”‘aJ xy(7)dr
(4)

mit /2

We define

(m+1)At /2
am =, O ®)
AXgn = X = Xg(m+1) (6)

From (4), we can get
D%~ Dy = eolew + xp0) EZ™2 -
c0€wEy — eoznz_lE’,‘]_mQAxvm (7)
Substitute (7) into discre:(le—z 1) using ADI technique.
The calculation of one discrete time step is performed

using two procedures.
The first procedure

ETV2(i +1/2,5) = CoEL(i +1/2,5) + CuWi(i +1/2,5) + %[HLU +172,j +1/2) +

H(i +1/2,5 +1/2) - HL(i +1/2,j - 1/2)

- H:y(z + 1/2,] - 1/2)] (8)

E§,+1/2(i,]' + 1/2) = C.zOE;(ls] + 1/2) + Cxl%(’d] + 1/2) - (A:—g[anzla(l + 1/2’] + 1/2) +
HGY2(i +1/2,5 + 12) = HEY2(i = 12,5 +1/2) - HyY2(i = 12,5 +1/2)] (9)

HZY2(i +1/2,j +1/72) = BoHL(i +1/2,5 +1/2) — B, -

HV2(i + 1/2,j + 1/2) = ByyHg,(i +1/2,j +1/2) + By,

The second procedure

EVV2(i +1,5 +172) - EVY2(i,5 + 1/2)

A (10)

EX(i +172,5) = CoEXV2(i + 1/2,5) + Cpy we2(i +1/2,5) + %[H’gl(i +1/2,5 +172) +

HY G +1/2,5 +12) = HEY (i + 12,5 — 1/2) = HEM (i + 12,5 — 12)]

(12)

EY1(inj +1/2) = CoBy12(ij +12) + CaWi2(i,j + 1/2) - S HIA( + 12,5+ 1/2) +

Hy Y2 +1/2,5 +172) = H22(i = 122, +12) = H'? (G = 12,5 +1/2)]

HY(i +172,5 +172) = BoHE (i +1/2,5 +1/2) ~ By -

HSY (i +1/2,j +172) = BoyHEY2(i +1/2,j +1/2) + B,

where

26080 0t oy
At 2

Cp = 2¢0(€w + y0) o+ a, (16)
At 2
_ 1
Cn = 2e0(€w + ) o toay (7
At 2
1 a;At
By = ——2£- (18)
0 o, At
1+ it/ Bkl
4p

(13)
EZV2(i +1,j +1/2) - EYY2(5,j +1/2) (14)
Ax
Et(i +1/2,5 +1) — EX(G +1/2,5) (15)
Ay
At
B, = _Z;L*_A (19)
1+ 9,8t
dp
7= T,y

For different dispersion, 4% ‘I"';,“Q and X0 have
different expressions. For Debye dispersion, the ex-
pression for the frequency domain relative permittivi-
€5 €
o T :
1+ jwtg

tyise(w)=e . The relative permittivity

: OF - +M.( _zat_O)
in PML¥ is e (w) = €w 1+ jarg popey LY
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