CHARACTERIZATION OF ASYMMETRIC MICROSTRIP TRANSMISSION
LINES ON MULTILAYERS WITH FR-4 COMPOSITE OVERLAY

Magda Fl-Shenawee and Hai-Young Lee’
Pacific States University
College of Electrical Engineering and Computer Science

E.mail: eerdeom@engunx.unl.edu

*Ajou University
School of Electrical and Electronics Engineering

Suwon, South Korea

Abstract:

The method of lines (Mol.) is used in this work to analyze two coupled asymmetric microstrip lines
with an overlay. The material of the overlay is chosen to be FR-4 composite with relative permittivity
of 4.3, The FR-4 composite is assumed to be lossless is this work. The height and the width of the
overlay are varied to investigate their effect on the effective dielectric constants of the coupled
microstrip lines. The normalized phase velocities of the dominant modes (c and n-modes) are shown as

functions of the frequency up to 100GHz.
Formulation of the Problem

The detailed analysis of applying the method of lines (MoL) to the microstrip lines is given in [11-[2].
In this work, the MoL is used to characterize two asymmetric coupled microstrip lines on dielectric
multilayers with an overlay on the metallic strips, see Fig. 1. The method of lines is adapted to analyze
inhomogeneous dielectric layers [1]-[2]. The procedure of the hybrid-mode analysis starts by solving
the Helmholtz equation and the Sturm-Liouville differential equation [1]. The wave field can be
determined from the two vector potentials ITg and ITy, which have only one component in the X-
direction. The wave is assumed to propagate in the z-direction, see Fig. 1. Thus the fields are given by

[1]:
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where &, = wyfu e, and 7, = [u, / €, . The vector potential for the LSM modes is given by:
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and for the LSE modes is given by
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where ay is unit vector in the x-direction. The propagation constant is given by k,. The scalar
potentials y and we must fulfill the Helmholtz equation and the Sturm-Liouville differential equation,
respectively, [1] as:
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A comprehensive description and detailed formulation of the technique is given in [1]. The effective

dielectric constants of the dominant modes are obtained by solving the following equation:

[(Z][J]=1[0] (4)

in which the elements of the matrix [£] are functions of the frequency, the propagation constant K.

and the characteristics of the different dielectric layers. The vector [J] contains the current densities on
the metallic strips (Jyy, and Jzm)- The effective dielectric constant (ep) is varied until the determinant
of the system matrix (4) vanishes. The eigenvectors of system (4) (for each eigenvalue €re) are the
current densities on the strips for each mode. All the electric and magnetic field components can be
calculated [1].
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Numerical Results

The configuration of the two asymmetric coupled microstrip lines is given in Fig.1. The metallic strips
are assumed to have zero thickness. The total height of the substrate is H=1.3mm and the relative
permittivity is £=10.5 (DI-CLAD 810 [3]). The widths of the metallic strips are W1=1.2mm and
W2=2.0mm. The separation between the strips is S=1.0mm. The normalized propagation constants of
the dominant modes (¢ and m-modes) are plotted versus the frequency in Fig.2. The total number of
magnetic lines is 51, the number of magnetic lines on the strips are 5 and 8, and the discretization
distance is h=0.266666mm. The results obtained using the Mol are compared with those obtained

using the Spectral Domain Approach (Fig.3 in [3]). The results in Fig.2 show good agreement between

the MoL and the SDA [3]. An overlay made of FR-4 composite is put on the two asymmetric
microstrip lines, see Fig.l. The dielectric constant of the FR-4 is £,3=4.3 and it is assumed to be
lossless [4]. The width of the overlay is chosen to be T=4.5333mm. The height of the overlay (H3) is
varied from zero (no overlay) to 2H, (H=1.3 mm). The effect of varying the overlay height on the
effective dielectric constants of the dominant modes at f=1GHz is shown in Fig.3. The results show
that the effective dielectric constants of the dominant modes slightly change as the height of the
overlay is about 2H. The normalized phase velocities of the dominant modes are plotted versus the
frequency in Fig.4, where the height of the overlay is chosen to be H3=0.65mm. The difference
between the phase velocities of the dominant modes is smaller when an overlay is used as shown in
Fig.4. This difference is expected to get smaller as the height of the overlay is larger than the total
height of the substrate H (H=1.3mm), see Fig.3. The width of the overlay is varied from zero (no
overlay) to full layer of FR-4 composite with H3=0.65mm. In Fig.5, the effective dielectric constants
of the dominant modes are plotted versus the width of the overlay at f=1 GHz. The results show that the

effective dielectric constants slightly change as the width of the overlay is about 30h, see Fig.3.
Conclusions

The overlay has significant impact on the phase velocities of the dominant modes of the two
asymumertric coupled microstrip lines. The FR-4 composite is chosen as an overlay for its low cost. The
results show that the difference between the phase velocities of the ¢ and n-modes is smaller when an
overlay is used. This phenomena can be used to decrease pulse distortion in the coupled microstrip

lines.
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Fig. 1. Two asvmmetric coupled microstrip lines with an overlay, W1 = 1.2 mm, W2=2.0 mm, S = 1.0 mm,

H=HI1-H2=1.3 mm, H4 = 20.0 mm, and A = 13.8666 mm.
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Fig. 2. The normalized propagation constants of the ¢ and n-modes versus the frequency using the MoL (this work)

and the SDA [3], WI=1.2mm, W2=20mm, S=1.0mm, H=HI1+H2=1.3mm, £=¢>=10.5 (DI-CLAD 810),

H3=0.0 (no overlay), and H4=20.0mm.
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Fig. 3. The effective dielectric constants versus the height of the FR-4 overlay (H3), W1=1.2mm, W2=2.0mm, S=1.0mm,
CLAD 810), T=4.5333mm, &

H=H1+H2=13mm, £1=¢;2=10.5 (DI-
f=1GHz.

3=4.3 (FR-4 composite), H4=20.0mm, and




0),

nd

0.41 T B —

r v ¢—mode (no-—overlas

040 I‘——E*LH,&_H_“ v m—mode (no-—-overlay) ]

Y o
; 1

&
&)
5]

—(:,: 0.39 - ™. ¢ ¢—mode (o‘verlay)\
k=) If ~.* 7w—mode (overlay) |
L 038}

2 0.37]

5 038®=

T 035

ey

= 0.84

=

=
(03]
o

£
)
i

Frequency (Ghz)

Fig. 4. The normalized phase velocities versus the frequency, W1=1.2 mm, W2=2.0mm, S=1.0mm, H=H1+H2=1 3mm,

£r1=8;2=10.5 (DI-CLAD 810), H3=0.65mm, T=4.5333mm, £.3=4.3 (FR-4 composite), and H4=20.0mm.
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Fig. 5. The effective dielectric constants versus the width of the FR-4 overlay (T), h=0.266666mm (discretization

distance), W1=12mm. W2=2.0mm, S=1.0mm, H=H1+H2=13mm. £r1=e5=10.5 (DI-CLAD 810), H3=0.65mm,
gr3=4.3 (FR-4 composite), H4=20.0mm, and f=1GHz.
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