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I Introduction 

Layered media Green's functions in the frequency domain have been extensively srudied 
because of important applications in geophysical probing and microstrip SmCNres. 
Lately, the intcrest has increased in the evaluation a f the  layered media Green's functions 
in the time domain, to bc subsequently used for time domain integral equations (TDIE's) 
[I]. This is because of critical timc-domain applications including the analysis of 
tmnsicnts in high spced digital interconnects and far analyzing wideband microstip 
antcnnas. In using timc domain laycrcd Grccn's functions in conjuction with TDIE's, it is 
necessary to compute the layered medium Green's function for many source-to-field 
distances pand time intervals 1. 

In this paper, a numerical solution of the layered media (Figure I )  Green's function in the 
timc domain for the mixed potcntial integral equation (MPIE) is rcportcd. The particular 
case where the sourcc and field points are on the top layer is presented. The method is 
applicablc to multi-laycred StNCNleS and 10 bath I O S S ~ ~ S S  and lossy media. The technique 
also computes the Green's function for many p's and I'S simultaneously. The salient 
features of the approach are as follows: 

a) Camplcx frequency is employed to lie thc polcs off the real k,, axis. This 
alleviates the need to perform polc extraction [2]. Integration can be carried out 
00 fhc real kfl axis [2] [3]. 

b) Half-space extraction [4] [SI is performed so that the integrand in the 
Sommerfeld integral for the non-half-space portion decays exponentially. The 
half-spacc portion is evaluated by branch cut intcgation. 

c) Thc fast Hankcl transform (FHT) [6]-[E] is used to evaluate the non-half-space 
portion for many p's simultaneously. 

d) The fast Fourier transform (FFT) is used to transform the Green's function to the 
time domain for multiplc 1's.  

Numerical solution for the mixed potential Green's functions far layered 
media 

2 

For a layered media with the source and the field an the tap surface, the mixed potcntial 
Green's functions are given by 
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where p = and RrE and R" are the total reflection coefficients due to TE and 
TM polarized waves respectively incident an the tap surface. For the rest of the paper, the 
solution methods for GA will be shown The same methods can be applied to Gv. 

a) Transforming the Green's function to the time domain 

The mixed potential Green's function may not be limited in frequency. It is thus 
necessary to multiply it (in the frequency domain) with a frequency-limited source 
function before the Fourier transform is carried out. Let the source function be of the 
Gaussian function: 

The Fourier transform of x(1) is 

Since complex frequency is used so that the poles are not an the real ko axis, let 
w =U'+ jw"  . Thhe time domain GA is given as 

G,(p,t)= Le-'"'' A Re( 6dw'ei""X(w'+jw'')G,(p,w'+jw")) 

b) Half-space extraction 

The integrand of the Sommerfeld integral is slowly convcrgcnt when bath the field 
and thc sourcc paints arc on thc samc intcrfacc (see figure I ,  [4] [SI). 

CA can be expressed in terms of the half-space and non-half-space portions 

where 
G,(p,w)= G! " ) (p ,w)+G? ' (~w)  

R E  is the rcflection coefficient of a TE polarized plane wave incident on thc 

bounday between fret spacc and rhc 1" layer only. CY1 can be evaluatcd by 
integrating along lhe vertical branch cuts at kp = kn and ko = k, .  Afler half space 
extraction, the integrand in the Sommerfeld integral decays cxpancntially. 

c) Fast Hankel transform (FHT) solution for non-half-space portion 
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The basic idea ofthe FHT is to convert the Sommerfeld integral for GY1(p,U) to a 
convolution integral that can be evaluated using the FFT. The details of the FHT can 
be found in [6]-[8]. 

d) Physical parameters 

The 3 physical parameters of the problem are i) U,,, the maximum angular 
frequency, ii) p-, the maximum distance required and iii) I,.,,, the largest time 
interval required. Let the width of the excitation pulse, Twhh = 2d“ 
chosen as about 50 times of T,,,. 

can be 

3. Numerical results 

Figure 2 shows G,(p, / )  calculated for a multi-layered medium for the following 
characteristics: E, = 2.5, = 7.5, E, = / I & .  The thickness ofthe layers was 1.3 
mm. A ground planc was below the 4Ih layer as shown in Figure 1. The maximum 
frequency was 40 GHz. The imaginary parl of the angular frequency, Im(m), was chosen 
as 0.3/flaTe,* a,- was taken to be 10 cm. The p of interest was 3.75 cm. The values for 
comparison were calculated using real frequency with CY)(p,m) evaluated on the 
Sommerfeld integration path (see Fig. 2 in [5]).  The agreement between the two methods 
is excellent. Figure 3 shows G,(p, I )  calculated for the same multi-layered medium. 
Again the agreement bctween the 2 methods is excellent. 
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