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Crosstalk  analysis,
wavelets.

electromagnetic  interference,
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in the identification problems of the source lines of
crosstalk on printed circuit boards, the requirements on
the electromagnetic interference are specified in voltage
which is converted to a maximum distance. Only tracks
up to the specified maximum distance are considered for
the purpose of disturbance line identification.
Unfortunately, tracks beyond the specified maximum
distance can result in large crosstalk. This paper proposes
a wavelet-based approach which takes into account all
tracks that are susceptible to produce interferences
regardiess the separating distance between the coupled
tracks. A wavelet-decomposition of the disturbed signal
alows to characterize the source of disturbance by means
of the energy of the detail coefficients of the
decomposition which makes easier the identification of
the source of disturbance.
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Theincrease in speed of digital electronic circuits has led
to several problems which may be taken into account in
the earlier stage of design for the success of the system
performance (Khan and Costache 1989). Fundamentally,
three problems may be considered: Signa integrity,
conducted and radiated emissions and susceptihility of the
circuit (Gravelle and Wison 1992). Signal integrity is
strongly affected by crosstalk which is defined as the
unwanted interference signal generated by nearby tracks
in the printed circuit board (PCB). As the switching speed
increases and the PCBs miniaturized, the crosstalk
between transmission lines imposes a significant signal
integrity problem, mainly between the long paralel lines
(Sohn et al. 2001). If the crosstalk is sufficiently large in
magnitude and duration, it can result in a switching fault
(Yeargan et a. 1988, Parker et a. 1994). Thus, it is of
great importance to detect crosstalk using simulations
during the design in order to eliminate or at least reduce it
to acceptable levels before constructing the prototype.

One of the main problems that the designer may be faced
to is determining when prototype failures are due to logic
errors or to crosstalk. Reducing crosstalk effects allows to
focus only on logic errors. Therefore, an efficient method
for identifying the source line of crosstalk is required.

In  geometric identification  methods, crosstalk
requirements are specified in voltage which is converted
to a maximum distance. Only tracks up to the specified
maximum distance are considered for the purpose of
disturbance line identification. Unfortunately, tracks
beyond the specified maximum distance can result in
large crosstalk. Determining rules in geometric methods
is an important issue because there are no genera rules
that alow to identify efficiently all tracks which may
cause significant crosstalk . Recently, wavelets have
proven to be useful in many problems related to crosstalk
prediction and diagnostic of faults in transmission lines.
In (Buccellaand Orlandi 2000), wavel ets has been applied
to generate crosstalk signature in order to identify the
faulty line and in (Antonini and Orlandi 2001), a wavelet
packet decomposition has been used for the purpose of
feature  extraction and classfication of the
electromagnetic source of the disturbance. In this paper,
we propose a wavelet-based approach for the purpose of
disturbance source line identification. In the simulation,
we consider two parallel tracks on a PCB separated by
some distance. To the first track, we apply a high-
frequency trapezoidal voltage characterized by small rise
time and fall time and we predict the crosstalk generated
in the second track. In fact, the propagating signa in the
disturbed line is composed of the superposition of the
induced crosstalk and the origina signal without
distortion. By performing a decomposition of the overall
signal into coarse approximation and fine detail at
different scales, it is possible to detect and quantify the
crosstalk. As the distance between the two lines increases,
the generated crosstalk decreases and this behaviour will
be seen by inspecting the detail signal. Thus, by
considering the detail in the wavelet decomposition, one
can get an estimation of the distance between the source
line of disturbance and the disturbed line. Examination of
the crosstalk feature makes easier the identification of the
different lines generating the  electromagnetic



interferences. The paper is organized as follows. In
section 1, the crosstalk simulation is presented. In section
I1l, we consider the problem of crosstalk analysis by
means of awavelet decomposition. In section IV, we give
some examples to illustrate the wavelet approach in
anaysing crosstalk, and finally, conclusions are drawn in
section V.
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Several simulation programs for crosstalk computation
have been developed (Weston 2001). To compute the
crosstalk by means of SPICE simulation program, a
numerical field solver program is required to obtain the
electrica parameters that characterize the line. In this
paper, the XFDTD simulation program has been used to
compute crosstalk. The XFDTD simulator uses the
method of finite difference time domain (FDTD) to solve
the time-dependent Maxwell's equations (Pothecary and
Railton 1991, Xiao et a. 2001). The curl equations are
given by (Clayton 1999)

& & qup

Nx( =--— 1)
J[\N

& & ¢ &

NXx+ =—+- (2)
w

where ( represents the electric field intensity vector,
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% denotes the magnetic flux v%ctor, + represents the

magnetic field intensity vector, ' represents the electric
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flux density vector and - represents the current density
vector. Equations (1) and (2) are solved at each time step.
The three-dimensional simulation space is divided into
elementary cubical elements known as Yee cells. The
electric and magnetic fields are computed at points on a
grid composed of the Yee cells.

In order to examine the crosstalk phenomenon, two
parallel coupled tracks on a dielectric board characterized
by a permittivity e with a ground plane on the opposite
side has been simulated (figure 1). In atypical situation, a
source voltage 9\(Wthat has aresistor 5 is connected to a
load 5 via the first track and the ground. Two
terminations 5 and 5 are connected to the second
track at the near end and the far end. The circuit
associated to the source voltage is known as the generator
circuit and the circuit corresponding to the resistors 5
and 5 is named the receptor circuit. The generator
circuit will interact with the receptor circuit by generating
electromagnetic fields giving rise to an induced crosstalk
9 (Wand 9 (Win the near-end and far-end terminations
of the receptor circuit. To illustrate the crosstalk
phenomenon, consider two parallel tracks on a PCB with
the following parameters. e = 4.7, Z=2PP ,V=2PP
/ =10 AP and K= 1.5 PP. A trapezoidal source voltage
(figure 2) with equal rise time and fall time of 0.25 Q/ a
frequency of 250 0 +], aduty cycled = 0.5 and a source
resistor of 50 W was applied. The resistors 5,5 and
5 areequal to 50 W. The predicted near-end and far-end
crosstalk using XFDTD simulator are shown in figure 3
and figure 4, respectively. As shown, the near-end

crosstalk has a larger magnitude (0.4 V) and a longer
duration than the far-end crosstalk. As the length of the
parallel lines increases, the crosstalk becomes more
important and can results in many problems related to the
signal integrity.
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The wavelet transform is a mathematical transformation
that represents a signa in terms of shifted and dilated
version of a single function called mother wavelet. A
wavelet transform has a window whose bandwidth varies
in proportion to the centre frequency of the wavelet. It
provides the local scale of the signal over time. The
continuous wavelet transform of a signal 1(\Wwith respect
to some analysing wavelet y is defined as (Chui 1992)
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The parameters E and D are caled trandation and
dilatation parameters, respectively. The normalization
factor D" Y isincluded to ensure |ly || = |ly |l, where || . ||
denotes the norm. A necessary and sufficient condition
for (3) to be invertible is that y (W satisfies the wavelet
admissibility condition
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where Y (w) is the Fourier transform of y (W If y (Wis
sufficiently smooth and decay at infinity, which is usually
the case, the admissibility condition can be written as
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The origina signal can be reconstructed from its integral
wavelet transform as
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where &, is a constant that depends on the choice of
wavelet and is given by
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The condition (4), known as the admissibility condition,
restricts the class of functions that can be wavelets.

The continuous wavelet transform is a redundant
representation. Freguently, we use its discrete version
caled the discrete wavelet transform (DWT) which is
very useful in signal processing. In DWT, the scaling
parameter Dis taken to be of the form 2 and E to be of
the form N2 , where N M Z. With these values of Dand
E theintegral in (3) becomes

¥
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Discretize now the function I(W and assume, for
simplicity, the sampling rate to be 1, the integra in (5)
can be written as

1N 2)=2 23 1Qu2 &N

One of the important properties of (10) is its time-variant
nature. The DWT of a function shifted in time is quite
different from the DWT of the origina function.
There is a strong relationship between wavelet transform
and multiresolution analysis (MRA). In the context of the
MRA, one attempts to decompose a signal I(\Was
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where Mis an integer, y (Wand j (Ware the wavelet and
scaling functions, respectively, Z represent the wavelet
or detail coefficients of [(Wand X are called the scaling
function or approximation coefficients. They are given by
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In the representation given by (6), Mindexes the scale or
resolution of analysis and Nindexes the spatial location of
analysis. For a special choice of the wavelet y (Wcentred
at time zero and frequency lo, the wavelet coefficient Z

measures the signal content around time 2 N and
frequency 2 © |o. The scaling coefficient X measures the
local mean around time 2 Nand (6) may be interpreted as
a multistage filtering decomposition of the signa (W
where the first term represents the low frequency



components and the second term represents the high
frequency components of the signal (Mallat 1998).

In the context of crosstalk analysis, the signa in the
disturbed line may be decomposed accordingly to (6) and
the detail coefficients are analysed to get some
information about the source line of disturbance. The
mean energy of the detail coefficients of the wavelet
decomposition provides a characterization of the source
of disturbance and can be used to estimate the distance
from the disturbed line to the source of disturbance.
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In this section, we give examples which apply the
proposed approach based on a wavelet decomposition to
crosstalk analysis. The configuration used in the
simulation isthat shown in figure 1 and the crosstalk were
generated by means of XFDTD simulation program. In
the first example, a trapezoidal source voltage with arise
time W= 0.25 Q/ a frequency | = 250 0 +] and a duty
cycled = 0.5 was applied. A trapezoidal waveform with a
rise time W= 2.5 Q/ afrequency | = 50 0 +] and a duty
cycle d = 0.5 is propagating down the disturbed line. In
addition, it is assumed that the source voltage and the
signal propagating down the disturbed line have the same
phase. The wavelet decomposition of the undisturbed
trapezoidal signal at level 2 using Daubechies wavelet of
order 2 (db2) leads to a set of detail coefficients that are
equal to zero except those corresponding to an abrupt
change of the signal (Figure 5). For different tracks
separations, the detail coefficients of the disturbed signal
are shown in Figure 6. As seen, disturbance has
introduced nonzero detail coefficients that have a
magnitude comparable to the undisturbed signal. As the
separation between the coupled lines increases, the
magnitude of detail coefficients decreases. Thus, by
analysing detail coefficients one can get an estimation of
the distance separating the coupled line. As a
characterization of the perturbation, the mean energy of
detail coefficients may be used. As shown in Figure 7, the
variation of the mean energy of the detail coefficients
follows aroughly linear curve and then, one can uses this
energy to estimate the distance from the disturbed line to
the source of disturbance.

) LIXWH Detail coefficients of the
undisturbed signal at level 2.

There is no rule for selecting the best level of resolution.
In general, the choice is based on a priori knowledge of
the signal. In our simulations, decomposition levels 2 and
3 lead to the best results. Notice that the analysis was
done on a decimated version of the origina signa
generated by XFDTD simulator by afactor of 10 because
it isunnecessary to take all samples.
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)WUXWH  Detail coefficients of the disturbed
signal at level 2 using db2 wavelet for different
values of the separating distance V. (d) V=1 PP.
(b) V=5PP. (c) V=10PP.



) LUXWH  Energy of the detail coefficients versus
distance separation between the two coupled lines.
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A crosstak analysis method based on wavelet
decomposition has been proposed and tested on simulated
signals propagating down two coupled tracks on a PCB.
We have shown that a wavelet decomposition at level 2
of the disturbed signal allows to characterize the source of
disturbance by means of the detail coefficients which
makes easier the identification of the source of
disturbance. This approach has the advantage to take into
account all tracks that are susceptible to produce
interferences without making any assumption about the
separating distance between the coupled tracks. In the
proposed approach, only one source of disturbance has
been considered. A more complex situation that
corresponds to several sources of disturbance may be
addressed in the future research.
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