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Abstract—This paper addresses the impact of crosstalk on

the signal integrity of two coupled microstriplines in the
presence of even and odd mode signal cou pling between
the two lines. Even mode switching occurs whenever the
voltage levels on both microstriplines are of the same
magnitude and polarity, and odd mode switching occurs
whenever the voltage levels on both microstriplines are of
the same magnitude but opposite polarities. The net effect
of even and odd mode coupling between the two
microstriplines is to increase or decrease the impedances
o f the two lines, respectively. This paper discloses the even
and odd mode impedances for the two coupled
microstriplines based upon the geometrical attributes of
the microstripline conductors and their separation
distance. These impedances, along with the capacitive and
inductive coupling between the two lines, are used to
estimate the far-end crosstalk between the aggressor and
victim lines. The load for each microstripline is an
application specific integrated circuit (ASIC) with a series
R-L-C input impedance, in which R = 14m, L = 1nH,
and C = 2pF.

usually dominates the mutual inductance whenever (1) the
widths of the two conductors are large, (2) the height from the
conductors to their reference plane, h, is small, (3) the
coupling length is small, and (4) the separation distance
between the two conductors is small. On the other hand, the
mutual inductance usually dominates the mutual capacitance
whenever (1) the widths of the two conductors are small, (2)
the height from the conductors to their reference plane, h, is
large, (3) the coupling length is large, and (4) the separation
distance between the two conductors is small.

I. INTRODUCTION
It is sometimes necessary to place microstriplines close to
each other on a densely routed printed circuit board. One such
application might be a data bus application in which each
microstripline carries one bit of information, for example.
When two independent microstriplines are placed close to
each other, the impact of the coupling between them on their
signal propagation characteristics should not be neglected.
When two microstriplines are coupled to each other, crosstalk
between the two circuits can occur. In this case, the amount
of far-end crosstalk is a strong function of the risetime of the
aggressor’s signal, the coupling length between the two
microstriplines, and the strength of the aggressor’s signal. In
addition, crosstalk is a function of the impedance of the
susceptible microstripline.
When even and odd mode impedances are set up between
the two coupled microstriplines because of the voltage
magnitudes and polarities between them, then the associated
crosstalk can be a significant function of these two
impedances. Figure 1 shows the electromagnetic fields
associated with each of these two modes. The even mode
impedance is larger than the odd mode impedance, as well as
the isolated impedance of the microstripline. On the other
hand, the odd mode impedance is smaller than the isolated
impedance of the microstripline. The mutual capacitance

Fig. 1. Electromagnetic fields from even and odd mode signal propagation.

The general relationship between these variables and the
resulting crosstalk (Volts) is highlighted by the following
equation:
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in which z is the coupling length (inches), tr is the risetime
(seconds) of the aggressor signal, Cm is the mutual capacitance
(F/in), L m is the mutual inductance (H/in), Z ms is the
’
impedance of the microstripline (), and V (t) is the rate of
change of the aggressor’s signal with respect to time
(Volts/sec). The above equation shows how the impedance
of the susceptible microstripline contributes to the resulting
crosstalk. In the case of even and odd mode switching
between the two lines, Z ms is equal to either ZEVEN or ZODD.
II. SIMULATION RESULTS
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Figure 2 shows the four possible even and odd mode
switching scenarios between the victim and aggressor
microstriplines. Figure 3 shows the simulation results, from a
model derived by the author, for the following values of the
microstripline variables:
(1)
(2)
(3)
(4)
(5)
(6)

z = 5 inches;
tr = 3ns;
Conductor width, W = 6mils;
Conductor heights, h = 5mils;
Conductor thickness, t = 1.4mils;
Maximum/Minimum voltage amplitudes for both
signals = +/- 1.0Volts;
(7) Edge-to-edge distance between the two lines = S =
4mils;
(8) 
r = 4.0;
(9) Driver output HIGH and LOW impedances = 10;
and,
(10) 

ZEVEN = 65.6and ZODD = 58.34
Figure 3 shows the far-end crosstalk signals when the
aggressor’s signal is positive, such as the top right and bottom
left scenarios from Figure 2. Note that far-end crosstalk is
triangular in its shape, and differs from the rectangular shape
of near-end crosstalk. The peak odd -mode crosstalk is about
15.5mV, whereas the peak even-mode crosstalk is about 5mV.
These small crosstalk levels are mostly due to the fact that
small values of h tend to decrease the crosstalk since the
mutual inductance and mutual capacitance are small in this
situation. If isolated characteristic impedances of about 6070  are desired for the microstripline, then the value of h
needs to be small. Figure 4 shows the situation in which the
aggressor signal’s bit rate is twice the bit rate of the victim’s
signal. In this case, the far-end crosstalk is maximized when
the aggressor’s signal switches from a LOW to a HIGH level.
Figure 5 shows the crosstalk voltage for this situation.

Fig. 3. Crosstalk between two coupled microstriplines. The blue curve is the
even-mode crosstalk, whereas the red curve is the odd-mode crosstalk. The
peak odd-mode crosstalk is about 15.5 mV, and the peak even-mode crosstalk
is about 24mV. Each vertical division is equal to 45mV. Note that far-end
crosstalk is triangular in its shape, with very sharp leading edges.

Fig. 4. Crosstalk between two coupled microstriplines when only the bit rate
of the aggressor’s signal is twice the bit rate of the victim’s signal. In this
case, ZEVEN = 65.6 and ZODD = 58.3


Blue: Aggressor, Purple: Victim,
Black: Crosstalk, Red: Victim + Crosstalk

Fig. 2 . Crosstalk between two coupled microstriplines. In this case, ZEVEN =
65.6  and ZODD = 58.3


Blue: Aggressor, Purple: Victim, Red: Victim +
Crosstalk

As can be seen from Figure 5, the magnitude of the
crosstalk voltage, when the aggressor’s signal switches
between the LOW and HIGH states is large, and is equal to
about 47mV. If the height of the conductors, h, is increased
from 5mils to 10mils, then Figure 6 shows the resulting
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crosstalk signal voltage when the aggressor’s bit rate is twice
the victim’s bit rate, as in Figure 4. In this case, increasing the
value of h caused a significant overall increase in the crosstalk.
In fact, the percentage increase in the magnitude of the
crosstalk when increasing the value of h from 5mils to 10mils
is about 350%. This result emphasizes the need to keep h
small in order to keep the resulting crosstalk voltages to small
values.

Fig. 5 . Crosstalk between two coupled microstriplines. In this case, ZEVEN =
65.6 and ZODD = 58.3The maximum magnitude of the crosstalk is about
47 mV, and also occurs when the aggressor’s signal switches states. Each
vertical division is equal to 45mV.

The maximum magnitude of the crosstalk voltage also
occurs during the switching between the LOW and HIGH
states. If h is maintained at 10mils, and the risetime of the
aggressor’s signal is increased from 3ns to 4ns, then Figure 7
shows the expected crosstalk when the aggressor’s bit rate is
twice the victim’s bit rate. In this case, relative to the results
shown in Figure 6, the maximum magnitude of the crosstalk is
reduced from 202mV to about 153mV, which is a 24.3%
decrease, and does produce an overall decrease in the
crosstalk, as expected.

Fig. 7. Crosstalk between two coupled microstriplines when the height of the
conductors, h, is kept at 10mils, but the aggressor’s risetime is increased from
3ns to 4ns. In this case, ZEVEN = 96.3
 and ZODD = 73.8. The maximum
magnitude of the crosstalk is about 153mV. Each vertical division is equal to
45mV.

If the risetime of the aggressor’s signal is restored to 3ns,
and the edge-to-edge separation distance is increased from
4mils to 12mils, then Figure 8 shows the crosstalk signal
when the aggressor’s bit rate is twice the victim’s bit rate. In
this situation, the maximum magnitude of the crosstalk
voltage is about 140mV, which represents a 61.9% decrease.
Therefore, for given values of h and tr , decreasing the
crosstalk can be accomplished by either increasing the
risetime of the aggressor’s signal, or by increasing the
separation distance between the two microstriplines.

Fig. 6. Crosstalk between two coupled microstriplines. In this case, ZEVEN =
96.3 and ZODD = 73.8The maximum magnitude of the crosstalk is about
202 mV, and also occurs when the aggressor’s signal switches states. Each
vertical division is equal to 45mV.

The far-end crosstalk can also be displayed in the form of
matrices. For example, Table 1 shows the odd mode crosstalk
multiplication factor matrix, such that when multiplied by the
maximum magnitude of the aggressor’s signal, provides an
estimate of the expected crosstalk voltage. For example, the
[i,j] entry in Table 1 corresponds to h=i+4 mils, and S=j+W+4
mils. When [i,j] = [1,0], for example, then h=1+4=5mils, and
S=0+W+4=10mils, when W=6mils. In this case, the crosstalk
multiplication factor is 0.0201. If the maximum magnitude of
the aggressor’s signal is +1V, then the expected odd mode
crosstalk voltage is 20.1mV, which corresponds to the
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negative odd mode crosstalk value shown in Figure 3. On the
other hand, Table 2 shows the even mode crosstalk
multiplication factor matrix. In this case, the [1,0] entry is
equal to -0.0214, which leads to an even mode crosstalk value
of -21.4mV when the maximum magnitude of the aggressor’s
signal is +1V. This value is also shown in Figure 3. Tables
such as Table 1 and Table 2 are very useful design tools for
predicting the crosstalk voltages. If different values of z, tr,
and Vmax exist, then simply multiply the values obtained from
either matrix by {zactual/5inches}{3e-9 seconds/tr(actual)}{Vmax}
in order to extract the new actual crosstalk voltage. For
example, with zactual= 7inches, tr(actual)=2ns, and Vmax=2.5V,
then the new odd and even mode crosstalk voltages are equal
to 105.6mV and -112.7mV, respectively.
Finally, Figure 9 shows the odd mode crosstalk polarity plot.
In this Figure , the red region indicates the values of h and S
that lead to negative crosstalk voltage levels, and also indicate
the values of h and S in which the inductive crosstalk
component dominates the overa ll crosstalk. The green region
indicates the values of h and S that lead to positive crosstalk
voltage levels, and also indicate the values of h and S in which
the capacitive component dominates the overall crosstalk. As
can be seen from Figure 9, the mutual capacitance dominates
the crosstalk for small values of h, and large values of S, as
expected. Similarly, the mutual inductance dominates the
crosstalk for large values of h, as expected.

Table 1. Odd mode crosstalk multiplication factor matrix.

Table 2. Even mode crosstalk multiplication factor matrix.

The material presented in this paper can be studied in more
detail with the signal integrity interactive learning
environment that can be found at www.the-signal-and-powerintegrity-institute.com.

Fig. 9. Odd mode crosstalk polarity plot.

Fig. 8. Crosstalk between two coupled microstriplines when the height of the
conductors, h, is kept at 10mils, but the edge-to-edge separation distance is
increased from 4mils to 12mils. In this case, ZEVEN = 90.0 and ZODD =
79.1 . The maximum magnitude of the crosstalk is about 70mV. Each
vertical division is equal to 45mV.
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