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Introduction

The propagation constant 4 of guided wave structures is much more ac-
curately found numerically than the electric and magnetic fields. Most of the
line properties can be ascertained from v and the characteristic impedance Z .
However, little effort has been expended previously on generating 2D field plots
for dispersive planar integrated circuits . In this paper dynamic field plots are
provided for single and coupled strip structures over isotropic dielectric layers.
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The propagation modes on planar transmission line are assumed to be hy-
brid which are superposition of TE and TM fields derivable from two indepen-
dent potential functions . The finite fourier transform is defined as
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Where tilde ~ denotes the fourier transform and a, = (2n+ 1)x/2b or nx/b
for even and odd modes respectively . The inverse fourier transform is

é(z,y) = 1/2b i H(on, y)ei*n* @

n=—oo

Expressing the fields (E. , B, , E, , i, , H, ,H,) in terms of the potential
functions and matching the boundary conditions, one gets the dispersion equa-
tion for 8 [1]. By solving this equation,the strip currents are found and hence
the fields are determined .

¥ Work supported in part by NRL Contract No. N0014-86-K-2013.

CH2563-5/88/0000-1014$1.00 © 1988 IEEE

1014




The electric and magnetic lines are solutions of the first order differential
equation {2,3]

ﬂ = Ev(f‘ry) (3)
dz E,(z,y)
Discretizing this equation leads to
Tiy1 = T + 6z H Yigr1 = ¥ + by (4a)
P E, E,

R, Y A N (4)
JEE+ B2 N

Where (z;,y;) is the present field point and (z;41,¥i+1) is the next point.

Equation (2) is used at each point (x,y) along the line of force to calculate
the fields back in the space domain . The series (2) converges wherever the fields
are finite. To minimize the CPU time required for the calculation of the inverse
fourier transform ,the following observations have been taken into account:

(1) The convergence of the series is different from point to point .

(2) The rate of convergence of the series (2) is almost independent of x for
a given y, but is a very fast varying function of y for a given x . Along the
dielectric interface ( y = h; ),the series has the asymptote e?*~(*—%) / /n for
large n . Such a series is a conditionally and a very slowly convergent one (it
diverges at the strip edge z = w for some field components).

To speed up the convergence of the slow series at the interfacey = h, , the
Mellin transform is used [4]. For example for a single strip line , the dominant
mode E, is even with respect to x and it is expressed as

Ey(z) = 1/b i E,(n)cos(anz) . ()

n=0

Using the Mellin transform [4], E, can be expressed as

N
Ey(z) = 1/8] Z Ey(n)cos(anz) | + C[ (S1+ Ss)cos(8o)+ (S« — Sz)sin(6o) ]

n=0
(6)
0o , C are constants. S; , S; , S3, S4 are very rapidly convergent series which
depend upon gamma function ['(z) and generalized Riemann’s Zeta functions
£(z,q) . The latter function has been generated and tabulated using the contour
expansion formulae given in [5].
Numerical Results

The boundary conditions at the metallic shielded box , plane of symmetry
(ew or mw at the center x=0) and the dielectric interface have been checked
for different field components. Fig. 1 shows the convergence behavior of ’—é:%
(right below and above the interface with ¢, = 5 ) as a function of n . The
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figure depicts the oscillatory poor convergence of the fields at the interface
(z = 4.5 mm ). More than 10,000 (unaccelerated series ) terms is needed to
get an accuracy within 10%. The worst convergence occurs along the interface
as we approach the strip edges along the interface. It is important to point out
that due the rapid convergence of the series as we move away from the interface
,this tremendous number of terms is only needed within a layer of thickness
+.05 mm from the interface . At all other points along the different lines of
force only 20 terms were used to generate the plots shown in Figs. 2,3,and
4. Fig. 2 a,b depict the dominant even mode (mw symmetry) of centered
single strip at 1,15 GHz frequencies,respectively . At higher frequencies(15 GHz)
the dispersion effect is apparent with more fringing field coming down from
the top surface of the strip into the dielectric . Also note that the magnetic

lines turn to circulate around the shielded box more in the air than in the.

dielectric where they try to push up towards the strip. Discontinuities of the
line of force at the interface happen for a few points may lie within the poorly
convergent layer. This problem is eliminated by using the accelerated series
described in (6) with N of the order of 100 terms. Fig. 2c shows the odd mode
(higher order ) of microstrip line at f=15 GHz . Figs. 4,5 show the dispersion
effect at 1 , 15 GHz for the dominant even and odd modes, respectively. No
direct intensity comparison has been made between regions 1,2 to make the
electric field lines continuous across the interface . The parameters used were
hy =6mm,hy =6mm, 2= 12mm,w = lmm,w; = 2mm, ¢ = 5.

Conclusion

A simple method based on the transmission matrix in the fourier domain
is used to generate the field plots for single and coupled strip lines at different
frequencies . Even and odd modes have been generated and the dispersion effect
for different modes is apparent at higher frequencies .
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