Analysis and Reduction of Crosstalk on Coupled Microstrip Lines
by Using FDTD Method
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Abstract: The crosstalk among coupled microstrip
lines is the major limiting factors of signal qualities
in the high-speed digital and communication equip-
ment. In this paper, a three-dimensional finite differ-
ence time domain (FDTD) method is applied to ana-
lyze the crosstalk between the coupled microstrip lines.

The proposed structures of the coupled microstrip lines

are investigated to reduce the coupling in a simple
way by modifying their ground plane with an optimum
gap. The examples of these structures with the differ-
ent sizes of the gaps on their ground plane are stud-
ied. These structures are considered as the four-port
network to evaluate transmission efficiency, near- and
far-end crosstalk. Gaussian pulse is excited to evaluate
the frequency characteristics from dc to 30 GHz. The
transmission efficiency, near- and far-end crosstalk of
each structure of the coupled microstrip lines are demon-
strated. The numerical results of this study show that
the majority of crosstalk is the far-end crosstalk. The
usage of the optimum gap on the ground plane can re-
duce the far-end crosstalk of the coupled microstrip lines
while the transmission efficiency is nearly equal.

1. Introduction

The coupling of microstrip lines is one of the most im-
portant topics in computer and microwave industries.
The unwanted electromagnetic coupling between the
coupled microstrip lines can seriously affect the signal
qualities in analog and high-speed digital systems. The
crosstalk between the coupled microstrip lines may re-
sult in the distortion of the analog signal and digital
pulse, and may even cause the loss of digital information.
Therefore, the reduction of the crosstalk among the cou-
pled microstrip lines to a tolerable level is the important
goal in a circuit design. The far-end crosstalk reduc-
tion in two coupled lines is considered in [1-2]. Many
structures of the coupled microstrip lines are designed
for the crosstalk reduction such as additional grounded
PCB tracks between strip lines [3-4], a dual-plane mi-
crostrip interconnect [5], the coupled microstrip lines
with a notch [6] and using via fences placed between the
strip lines [7].

Usually, the problem of the crosstalk is analyzed by.

using a circuit approach. It is convenient for an engi-

neer to understand EMI. However, as EMI is essentially
a field problem, a field approach is more suitable to an-
alyze this problem. The effect of the crosstalk reduc-
tion can be analyzed by using quasi-TEM and full-wave
spectral domain approaches [8] and a field-oriented PCB
layout CAD method [9]. The most popular approach
for solving an electromagnetic in time domain is the fi-
nite difference time domain (FDTD) method. This tech-
nique, introduced by Yee in 1966 [10}, is used to numeri-
cally solve Maxwell’s equations in the time domain on a
meshed computational domain. This method is simple
to implement for complicated dielectric structures be-
cause arbitrary electrical parameters can be assigned to
each lattice cell as well as boundary conditions is also
simple to model.

In this paper, the three-dimensional FDTD method
is applied to analyze the crosstalk between the coupled
microstrip lines. The proposed structures of the coupled
microstrip lines are investigated to reduce the coupling
in a simple way by modifying their ground plane with
an optimum gap. The examples of these structures with
the different sizes of the gaps on their ground plane are
studied. These structures are considered as the four-
port network to evaluate transmission efficiency, near-
and far-end crosstalk. Gaussian pulse is excited to eval-
uate the frequency characteristic form dc to 30 GHz.
The transmission efficiency, near- and far-end crosstalk
of each structure of the coupled microstrip lines are
demonstrated. The numerical results of this study show
that the majority of crosstalk is the far-end crosstalk.
The usage of the optimum gap on the ground plane can
reduce the far-end crosstalk of the coupled microstrip
lines while the transmission efficiency is nearly equal.

2. FDTD Methodology
2.1 Finite Difference Equations

Finite difference equations are derived directly from
Maxwell’s curl equations in time domain. For the loss-
less coupled microstrip lines, the strip and the ground
plane are made of a perfect conductor (¢ = oo) that
has zero thickness, and substrate has a relative dielec-
tric constant of e,. The Maxwell’s curl equations can
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be written as .
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To obtain discrete approximation of the continuous
partial differential equations, the centered difference ap-
proximation is used on both time and space first-order
partial differences. The entire computation domain is
the collection of all unit cells. The dimensions of the
unit cell along z—, y— and z—directions are Az, Ay
and Az, respectively. The node with subscript indices
i, j and k corresponds to node number in z—, y—
and z—directions. This notation implicitly assumes the
+1/2 space indices. The time steps are indicated with
the superscript. After simple arrangement, the finite
difference equations are described in [10]. The half time
steps indicate that F and H are calculated alternately.
In these equations, the values of permittivity and per-
meability are the function of locations. For the electric
field components on the interface of two different di-
electric materials, the average of the dielectric constant
(g1 + €2)/2 is used as the permittivity. A maximum
time step is limited by the stability restriction of the
finite difference equation [11],

2.2 Voltage Source and Resistor Models

A voltage source is represented as the electric field £
in the z—direction at the node i,, j; and k, along z—,
y— and z—axis, respectively. If the resistance of the
source is set to Rg then the usual FDTD electric field
at the source location is given by [12]

1 1
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when the current through the source is given by
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For a resistor, the voltage source Vg is only set to
Zero.

2.3 Excitation Pulse

The wideband Gaussian pulse with dc constant is de-
sirable as excitation because its frequency spectrum is
also Gaussian. Therefore, it provides frequency domain
information from dc to desired cutoff frequency by ad-
justing the width of the pulse. The wideband Gaussian
pulse in time domain can be written as

Ndecay

Vs|" = Voexp [— ("""°)2], 5

where n is the time step. The pulse has the maximum
amplitude V5 at the time step ng and has the 1/e char-
acteristic decay of ngecay time step.

2.4 PML ABC Treatment

The tangential field components on the six mesh walls
must be specified in such a way that outgoing waves
are not reflected. The FDTD simulation in this paper
used the perfectly matched layer absorbing boundary
condition (PML ABC) [13].

The PML ABC can absorb propagation wave effec-
tively by using nonphysical lossy media adjacent to the
outer-grid boundaries backed by perfectly conducting
walls. Based on the splitting of the field components
into two subcomponents, electric loss (o) and magnetic
loss (o) for the PML medium are specified by satisfy-
ing PML impedance-matching condition. After intro-
duction of the electric and magnetic losses, the electro-
magnetic waves inside the PML medium will rapidly
attenuate. The exponential time stepping of the field
updating equations is used to replace the conventional
FDTD algorithm.

The electric loss in the PML region is assumed to
increase with depth from zerc at p = 0 to a maximum
value of o4, at p =& by

o(2) = omas ()" (6)

The expression of the PML reflection coefficient at
normal incident is
R(0) = exp (7)
Polynomial scaling provides two parameters for a
fixed PML thickness: 0,4, and m. For large m, the
conductivity distribution is relatively flat near the in-
terface of the PML and the working volume. However,
deeper into the PML, the conductivity increases more
rapidly than for small m. In this region, the field am-
plitudes are substantially decayed and reflections due to
the discretization error contribute less. Typically, m in

the rage between 3 and 4 has been found to be suitable
[14].

3. Numerical Results

In this section, the effects of the reducing crosstalk
between the coupled microstrip lines using the optimum
gap on the ground plane are investigated. The proposed
structure of the coupled microstrip lines with the gap on
ground plane is shown in Fig. 1. The dielectric substrate
has the dielectric constant ¢, = 2.17 and the thickness
h = 0.762 mm. The strips and the ground plane are
zero thickness and perfect conductor. The strips have
the wide w = 1.278 mm. The lengths between the strips
and from the edge to each strip are W = 2.130 mm.
The strips have the length L = 30 mm. Four cases
of the gap sizes are computed for this structure. For
case a, the gap size is assigned as g = 0 mm. That
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Figure 1. Geometry of the coupled microstrip lines struc-
ture with gap on the ground plane.
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Figure 2. Equivalent four-port network of the coupled
microstrip lines.

is the structure of the conventional coupled microstrip
lines and its crosstalk effect is used as refer once value
reduction. Subsequently, the gap sizes are assigned as
g = 1.278, 1.704 and 2.130 mm for case b, ¢ and d,
respectively.

In the FDTD analysis, the appropriate selection of
time and spatial parameters can bring about convergent
numerical results. The spatial cell sizes in each region
of the computational space are in general chosen to be
less than one twentieth the wavelength which is deter-
mined by the maximum frequency and the electric per-
mittivity of that region. The default three-dimensional
meshes based upon the above rules are alluded to as a
reference for determining the three-dimensional meshes
of geometrically presented here. Therefore, the cells
size of Az = 0.213 mm, Ay = 0.300 mm and

Az = 0.254 mm are used. The PML ABC with 16.

layers is employed to reduce the reflection error at the
edge of the simulation boundary. The PML reflection
coefficient at normal incident is set to R(0) = 10~°. The
PML scaling parameter is m = 3. Then, the total lattice
has the dimension of 86 x 143 x 46 cells. The time step
based on each cell is chosen to be the maximum time
step that satisfies the Courant condition. The time step
of At = 0.478 ps is used, resulting in nu,., = 10,000
iterations for this simulation.

To evaluate transmission efficiency, near- and far-
end crosstalk, the structures of the coupled microstrip
lines are considered as four-port network, shown in
Fig. 2. The voltage resistive source and resistor mod-
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Figure 3. Transmission efficiency for each case of the
coupled microstrip lines.

els are used. The source and load resistors are set to
Rg = R = 50 , which are matched to the character-
istic impedance of the microstrip line at low frequency.
The time waveform for the voltage source used in this
simulation is the wideband Gaussian pulse peaking at
the time step n = 57 with a value of 1.0. The pulse
excitation is provided by the following equation

Vs |™* =exp l:— (n_;g{)_z) 2}, (8)

the frequency of this pulse ranges from dc to about 30
GHz.

The transmission efficiency 7 is defined as a ratio of
power and maximum available power of load at port
2. The computed transmission efficiency of each case of
the coupled microstrip lines is shown in Fig. 3. From
the figure we can see that the transmission efficiency of
each case is nearly equal. The mean of the transmission
efficiency of case a, b, ¢ and d are 0.852, 0.832, 0.833
and 0.826, respectively.

The near- and far-end crosstalk is respectively defined
as power of load at port 3 and 4 normalize by power of
source. Fig 4 and 5 show respectively the near- and
far-end crosstalk of each case of the coupled microstrip
lines. From these figures, we can see that the majority of
crosstalk is the far-end crosstalk. The mean of the near-
end crosstalk of case a, b, c and d are —27.24, —27.09,
—29.03 and —29.97 dB, respectively. In addition, The
mean of the far-end crosstalk of case a, b, ¢ and d are
—16.47, —23.45, -23.29 and -23.24 dB, respectively. The
far-end crosstalk can be reduced by the additional gap
on ground plane about 7 dB. ’

4. Conclusions

In this paper, the FDTD method is applied to ana-
lyze the crosstalk between the coupled microstrip lines.
The transmission efficiency, near- and far-end crosstalk
of each structure of the coupled microstrip lines are
demonstrated. From these results, they can be observed
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Figure 4. Near-end crosstalk for each case of the coupled
microstrip lines.
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Figure 5. Far-end crosstalk for each case of the coupled
microstrip lines. '

that the majority of crosstalk is the far-end crosstalk.
The usage of the optimum gap on the ground plane can
reduce the far-end crosstalk of the coupled microstrip
lines while the transmission efficiency is nearly equality.
In addition, the FDTD method is flexible and conve-

nient for evaluating the crosstalk on arbitrary coupled

microstrip line structures.
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