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I. Introduction

It is well known that both conductor loss and dielectric loss are essential loss factors in lossy
microstrip line. On the other hand, lossless transmission line does not suffer from these losses
at any length and frequency. When the line length is finite, however, some transmission losses
are observed even for the lossless microstrip line. It means that a part of the input power is
transformed into other modes, which may cause cross talk unexpected radiation, resonance etc,
in PCB. This paper discusses about the mechanism of how these losses are generated in the
finite microstrip line. The surface wave loss and the radiation loss are evaluated by using FDTD
via the Poynting vector.

In section II of this paper, a brief review of FDTD method adapted for lossless microstrip
line analysis is presented together with the models matched to the microstrip line of the voltage
source and the load. The computation of the Poynting vector is also discussed in this section.

In section III, the method is used for the analysis of lossless microstrip line structure with
finite length to evaluate the losses due to radiation wave and surface wave.

II. Formulation of the problem
A. Finite-Difference Fquation

The finite-difference equations are derived directly from Maxwell’s curl equations in the time-
domain. For the lossless microstrip line,the strip and the ground plane are made of a perfect
conductor (o0 = co) which has zero thickness, and the substrate has a relative dielectric constant
of ¢,. To obtain discrete approximation to the continuous partial differential equation, the cen-
tered difference approximation is used on both the time and space first-order partial derivatives.
After simple arrangement, the finite difference equations are described [1]. For the electric field
components on the interface of the two different dielectric materials, the average of dielectric
constant (e; + €3)/2 is used as permittivity. The maximum time step is limited by the stability
restriction of finite difference equation.

B. Voltage Source and Resistor Model

A voltage source is represented as an electric field £ in the z direction at the node 5, j; and
ks along z, y and z axes, respectively. If the source resistance is set to Rs then the usual FDTD
electric field at the source location is given by [2]
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For the resistor, voltage source V; is simply set to be zero.

C. Fzcitation Pulse

A wideband Gaussian pulse with finite DC constant is desirable as the excitation because its
frequency spectrum is also Gaussian. Therefore, it will provide frequency-domain information
from DC to the desired cutoff frequency by adjusting the width of the pulse. The wideband
Gaussian pulse will have the following expression,
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where n is the time step. The pulse has maximum amplitude Vy at time step ng and has a
1/e characteristic decay of ngecqy time step.

D. Absorbing Boundary Condition Treatment

One of the six mesh boundaries is a ground plane and its tangential field values are forced to
be zero. The tangential field components on the other five mesh walls must be specified in such

a way that outgoing waves are not reflected. The perfectly matched layer absorbing boundary
condition (PML ABC) [3] is used in this paper.

E. Poynting Vector and Total Power

To determine Poynting vector by using FDTD method, the average field components at the
center of unit cell must be obtained. Then, the average filed components at center of node ¢, j
and k can be written as
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The vector of each component in frequency domain can be determined by using Fourier trans-
formation of the average fields in time domain. These vectors may by written as

Eijr = F {E_r Lk } a + 7{E_y Lk } ay+F {E_ Lk } a) (10)

Higw = F{T L e+ F{H, 8 pag + F{H- |F0 @2, (11)
where Poynting at node 2, 7 and k defined as

Wilije = Elijr X Hlijk - (12)

The total power crossing a surface can be obtained by

p= //sw-ﬁda, (13)

where 7 is unit vector normal to the surface.



ITI. Numerical Results

Radiation and surface wave losses of finite length microstrip line are estimated by FDTD
simulation. The dimension of the microstrip line analyzed is shown in Figure 1. The parameters

of the structure are as follows:
Width of substrate: Wy = 13.8 mm. Width of metal strip: W = 1.8 mm.

Thickness of substrate: A = 0.6 mm. Length of metal strip: / = 5.0 mm.
Thickness of metal strip: ¢ = 0 mm. Permittivity of substrate: ¢, = 2.29

To accommodate the structural details of the microstrip line, the FDTD parameters are chosen
as Mesh parameters:

Az = 0.3 mm. Ay = 0.5 mm. Az = 0.2 mm. At = 0.52668 ps.

The voltage source Vs and the resistor R; are connected in between microstrip line at one
end and the load resistance Ry is connected at the other end as in Figure 1 and explained in
II.B. Source and load impedances are Ry = Ry, = 5082, which are matched to the characteristic
impedance of the microstrip line at a low frequency. To study about the much the losses are
generated in lossless microstrip line, the transmission efficiency 7 should be defined as
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where P, q.(f) is the maximum available power of the load at frequency f and is defined as
V()
PL,max(f) = SRL . (15)

where Vi(f) is the frequency component of source voltage 7 is determined by the radiation and
surface wave losses as well as by the mismatch losses.

The computed transmission efficiency by using FDTD method is shown in Figure 2. From
significant losses are observed at the higher frequency. The two dominant loss factors are the
radiation and the surface wave. The losses due to the radiation and surface wave defined as those
powers normalized by the maximum available power at the load. Figures 3 (a) and (b) show the
boundaries of integration to estimate the power of surface wave and radiation, respectively. The
shaded regions in Fig. 3 (a) represent the radiation wave which occurred at the topside of the
microstrip line and in Fig. 3 (b) represent the radiation wave which occurred on the front-back
side of the microstrip line.

Figure 4 shows the radiation power and surface wave of the lossless microstrip line with a finite
length. It can be observed that the radiation power is about 5 dB higher than surface wave and
it decreases when the frequency is above 15 GHz. The peak corresponds to the resonance at
A/2 of the strip. Figure 5 shows a comparison between radiation power at the front-back side of
the microstrip line and its topside. The radiated power at the both sides is about 17 dB higher
than at the topside in average.

IV. Conclusion

In this paper, the mechanism of the loss generation in the lossless microstrip line with finite
length is quantitatively studied. These losses are caused due to the radiation wave and the
surface wave. Therefore, the power of both waves is analyzed by using FDTD via Poynting
vector integration. From numerical result, it is found that majority of loss is the radiation from
the topside of microstrip line.
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Fig. 1. Microstrip line structure. Fig. 2. Computed transmission efficiency.
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Fig. 3. Boundary condition for evaluating power of radiation wave and surface wave.
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Fig. 4. Computed power of radiation wave Fig. 5. Power of radiation wave at top side
and surface wave. compared with that at front and back

side of microstrip line.



