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The Method of Lines for the Analysis of
Asymmetric Coupled Microstrip Lines on ¥ J
Multilayers with an Inhomogeneous € | x
Overlay - T Hy

Magda El-Shenawee

Abstract  The semi-analytical method of lines (MoL) technique
is used in this work to analyze a configuration that consists of two
asymmetric coupled microstrip lines on dielectric multilayers
with a finite width overlay. The effective dielectric constants of
the dominant modes (c and 7-modes) are obtained as functions
of the frequency up to 40 GHz. The numerical results show that
the position of the inserted finite width overlay has a significant
effect on the phase velocities of the dominant ¢ and 7-modes.
Equal phase velocities of the dominant modes can he achieved
at specific positions of the overlay. This phenomena is needed to
reduce pulse distortion caused by the difference in phase veloci-
ties of the propagating dominant modes.

Keywords Method of lines, asymmetric coupled microstrip lines,
multilayers with an inhomogeneous overlay.

1. Introduction

Recently, multiconductors on inhomogeneous multilayers
are used in advanced microelectronic packaging. Com-
pactly etched microstrip transmission lines on multilay-
ered printed circuit boards are usually used for VLSI inter-
connects, Significant problems are raised due to the close
proximity and the dispersive nature of these multiconduc-
tors. Pulse distortion on the signal line and crosstalk tn the
neighboring lines are considered the most important prob-
lems that should be taken into account to design low distor-
tion multiconductor microstrip transmission lines. There-
fore an accurate full wave analysis for multiple microstrip
lines on multilayers, which could be inhomogeneous, is
needed. For this purpose, the versatile numerical technique
method of lines (MoL) [1] is used to obtain the position
of a finite width overlay that makes the dominant ¢ and 7-
maodes propagate at the same velocity. The configuration to
be investigated is shown in Fig, 1, To the author’s knowl-
edge, there has been no published data for an asymmetric
coupled microstrip lines with an overlay of finite width [2],

2. Numerical Results

A computer program, based on MoL, has been developed
to calculate the effective dielectric constants of the dom-
inant modes for the configuration shown in Fig. 1. The

Received October 1, 1996; revised May 21, 1997,
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trical Engineering and Computer Science, Los Angeles, CA 90006,
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Fig. L. A two asymmetric coupled microstrip lines with a finite width
overlay.
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Fig. 2. Effective dielectric constant versus frequency, W, = 0.6
mm, Wz = 1.2mm, $ = 0.3mm, H, + H, = 20mm, H; +
Hy = 0635 mm, ¢, = €2 = 1.0,a0d .3 = ¢,4 = 9.8,

accuracy of the computer code is checked by comparing
its results with published results using the SDA technique
[3]). The dimensions of the asymmetric microstrip lines are
Wi =06mm, W, =1.2mm, S = 0.3mm, H, + H, =
20 mm, Hy+H, = 0.635mm, €,; = ¢,3 = 1.0,and¢,.3 =
erg = 9.8 In Fig. 2, the effective dielectric constants of
the c and m-modes are plotted versus frequency. The total
number of magnetic lines is V = 51, the discretization dis-
tance is A = {1.114 mm, the number of electric lines on the
left and right strips are Af; = 5 and M; = 10, respec-
tively, and the number of electric lines in the separation be-
tween the two strips is M, = 3. To simulate the open struc-
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Fig. 3. Effective dielectric constant versus frequency, W; = 0.6
min, W = 1.2mm, 5 = 0.3 mm, H; = 20mm, H; = 0.635
mm, Hy + Hy = 0.635 mm, ey = 1.0, £.5 = 16 (full layer), and
€3 = €4 = 9.8

ture that was analyzed in [3}, the total number of magnetic
lines is increased to be V = 101 with the same discretiza-
tion distance h = 0.114 mm. The data in Fig. 2 show good
agreement between the MoL results and those published in
[3] especially as N = 101 for the c-mode. Notice that the
effective dielectric constant of the c-mode is larger than the
effective dielectric constant of the m-mode in Fig. 2. A full
dielectric layer of constant e, = 16 and height H, = 0.635
mm is inserted above the two asymmetric microstrip lines
{(with H; = 20 mm and the same other dimensions as
used before). The effective dielectric constants of the dom-
inant ¢ and #-modes are plotted versus frequency and the
results are shown in Fig. 3. To show the convergence of the
MolL,, three different sets of IV, My, Ms, and M, are used
in Fig. 3. In the first set (squares), N = 13, 2 = (.48 mm,
M, =1, My = 2, and M, = 1. In the second set (trian-
gles}, N =31, h = 0.27 mm, M, = 3, My = 6, and
M, = 2. In the third set (circles), ¥ = 51, h = 0.114
mm, M, = 5, M; = 10, and M; = 3. Notice the con-
vergence of the solutions for both modes as the number of
lines is increased (third set). In Fig. 3, the effective dielec-
tric constant of the c-mode (hollow) is smaller than the ef-
fective dielectric constant of the w-mode (solid). Thus in-
serting a dielectric layer of €., = 16 above the asymmetric
microstrip lines causes the effective dielectric constant of
the c-mode to be smaller than that of the m-mode. These
results suggested the idea that there must be a certain geo-
metrical dimensions of the inserted layer that will make
the phase velocity of the c-mode equal to the phase ve-
locity of the 7-mode. Therefore, an overlay of finite width
T, dielectric constant €,y = 16, and height H, = 0.635
mm is tntroduced in the configuration as shown in Fig. 1.
The question is how to choose the position of this over-
tay (dimension P in Fig. 1) to obtain equal phase veloc-

Fig. 4. Overlay equal phase velacities position (P/h) versus fre-
quency, W), = 0.6 mm, W2 = 1.2mm, 5 = 0.3 mm, A; = 20
mm, H; = 0.635mm, H; + Hy, = 0.635mm, ¢,y = 1.0,
€z =16, and €3 = 6,4 = 9.8.
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Fig. 5. Difference between effective dielectric constants versus fre-
quency, Wi, = 0.6mm, W; = 1.2mm, 5 = 0.3 mm, H; = 20
mm, H, = 0.635 mm, Ay + Hy = 0.635mm, ¢,y = 1.0,
€2 =16, ande3 = 6,4 = 5.8

ities for the ¢ and x-modes. To answer this question, the
distance P is varied with keeping the height of the over-
lay constant (H,; = 0.635 mun) for three different overlay
widths T = 6h, 10h, and 184 (A = 0.114 mm). The ex-
act positions of the dielectric overlay, intended to provide
equal phase velocities of the dominant modes, are plotted
as functions of frequency and shown in Fig. 4. The results
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before in Fig. 4), therefore the position of the averlay can
0.5 not be specified in Fig. 6. The results show that for smaller
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Fig. 6. Equal phase velocities of ¢ and #-modes versus frequency,
W, = 06mm W, = 1.2mm, 5 = 0.3 mm, H, = 20 mm,
H, = 0.635mm, H; + Hy = 0.635mm, ¢, = 1.0, ¢,2 = 16,

and €,3 = €,4 = 9.8,

show that the equal phase velocity positions change with
frequency. Notice that if an overlay of width T’ = 6h, 10h,
or 18k is located at P/h = 0, the dominant ¢ and 7-modes
will propagate at the same phase velocity. That particular
position is exactly at the beginning of the separation (S) be-
tween the two strips, see Fig. 1. This position is considered
an optimal one since the dominant modes will propagate at
the same phase velocity regardless of the width of the over-
lay. Moreover, as the finite width is decreased (T/k = 6),
the distance between the two locations of the equal phase
velocities becomes smaller at all frequencies from 2-40
GHz. For example, at f = 20 GHz, the two positions are
P/h = —3.61 and 0.05 for T/h = 6 compared with
P/h = —15.13 and 0.06 for T/h = 18. Therefore, using
an overlay of smaller width wili provide a smaller distance
between the two locations and consequently a smaller dif-
ference between the phase velocities. Then the position of
the overlay is chosen exactly at P/h = —15.13, 0.06 for
T/h = 18, P/h = —7.65, 0.09 for T/h = 10, and
P/h = =3.61, 0.05 for T/h = 6. These particular po-
sitions are chosen such that the difference between the ef-
fective dielectric constants is equal to zero at f = 20
GHz. In Fig. 5, the difference between the effective dielec-
tric constants (of the c-mode minus that of the m-mode)
is plotted versus frequency for each of these chosen po-
sitions. The results show that the difference between the
effective dielectric constants changes with the frequency
and that change is more dramatic for smaller overlay width
(T'/h = 6). The equal phase velocity of the ¢ and m-modes
are plotted versus frequency in Fig. 6, where hollow sym-
bols are used for P/h close to zero and solid symbols are
used for negative values of P/h (overlay is located to the
left of P = 0). Notice that the equal phase velocity posi-
tion of the overlay changes with the frequency (as shown

overlay width (7'/h = 6), the equal phase velacities be-
comes very close (tnangles) regardless of the overlay lo-
cation.

3. Conclusions

The results show that the position of a finite width overlay
can be chosen appropriately to make the dominant modes
propagate at the same phase velocity. These equal phase
velocity positions depend on both the frequency and the
width of the overlay. Larger finite width overlay can be
located at specific positions to obtain equal phase veloci-
ties that is less sensitive to frequency change. While equal
phase velocities achieved by using smaller finite width
overlay are more sensitive to frequency. On the other hand,
choosing smaller finite width overlays provide smaller dis-
tance between the two equal phase velocity positions and,
consequently, a smaller difference between the phase ve-
locities.
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A Class of Generalized Chebyshev
Low-Pass Prototype Filter Design
Zlatoljub D. Milosavljevi¢ and Miodrag V. Gmitrovié

Abstract A design method is presented for a class of low-pass
prototype filters having an equi-ripple characteristic in the pass-
band and stopband, maximal selectivity and three real transmis-
sion zeros at the most of any multiple. A procedure for real trans-
mission zeros determination and recurrence relations for magni-
tude function calculating are given.

Keywords Filters, generalized Chebyshev filters.
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