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Abstract—This paper addresses the impact of near-end

crosstalk on the signal integrity of two coupled
microstriplines. The physical mechanisms that lead to
near-end crosstalk are discussed in detail, and results from
computer simulations are highlighted to provide some
insight into this kind of signal degradation. 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.
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, near-end
crosstalk between the two circuits can occur. This paper
addresses near-end crosstalk between the two microstriplines.
In this case, the amount of near-end crosstalk is a function of
the strength of the aggressor’s signal, the mutual capacitance
and mutual inductance between the two lines, the propagation
velocity, the microstripline impedance, and the coupling
length. In addition, near-end crosstalk is a function of the
impedance of the susceptible microstripline. A previous paper
titled “The Fundamentals Of Far -End Crosstalk” discussed the
physical mechanisms of crosstalk that are directly applicable
to near-end crosstalk. The reader is respectfully referred to
this paper which is available at the following link:
http://www.the-signal-and-power-integrityinstitute.com/files/Crosstalk_Fundamentals_Signal_Integrity_Paper2.pdf

When two microstriplines are closely coupled to each other,
crosstalk can occur between the two lines. In this case,
depending upon whether the two lines are strongly coupled to
each other, or weakly coupled to each other, the impedances
of the two microstriplines can depend upon the voltage
switching relationships between the two lines. For example,
when both microstriplines simultaneously carry the same
voltage level over the entire coupling length, then no mutual
capacitance can exist between the two signal conductors of the
two microstriplines. However, the mutual inductance between
the two lines will add to the self inductances of each line,
causing a net increase in the line’s inductance. This situation
is referred to in this paper as even mode coupling. In this case,
the impedances of each microstripline are maximized , and are

also greater than the isolated characteristic impedance of each
line. The isolated impedance is the characteristic impedance
of the microstripline when no mutual coupling effects are
present. On the other hand, when both microstriplines
simultaneously carry different voltage levels along the entire
coupling length, then mutual capacitance exists between the
two lines, causing an overall increase in the line’s capacitance.
In this situation, the mutual inductance subtracts from the self
inductance of each line, causing an overall reduction in the
inductance in each line. This situation is referred to in this
paper as odd mode coupling. In this case, the impedances of
each microstripline are minimized, and are also less than the
isolated characteristic impedance of each line.
Even and odd mode impedances are set up between the two
coupled microstriplines because of the voltage differences
between them. The even-mode impedance is larger than the
odd-mode impedance, as well as the isolated impedance of
each microstripline. Near-end crosstalk due to even-mode
coupling is dominated by the mutual inductance since the
mutual capacitance does not exist in this situation. The
mutual capacitance between two conductors can not exist
when the voltage difference between the two conductors is
zero volts.
On the other hand, the odd mode impedance is smaller than
the isolated impedance of the microstripline. Near-end
crosstalk due to odd-mode coupling is dominated by the
mutual inductive component for small separation distances
and large values of h. The variable, h, represents the distance
between the signal conductor of a microstripline to its
reference plane. Alternatively, near-end crosstalk is mostly
dominated by the mutual capacitive component for larger
separation distances and smaller values of h. The general
relationship between these variables and the resulting nearend crosstalk (Volts) at the location of the victim’s source is
highlighted by the following general near-end crosstalk
formula:
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The variable, l, is equal to the coupling length (inches), vp is
the propagation velocity (inches/sec), Cm is the mutual
capacitance (F/in), Lm is the mutual inductance (H/in), Zms is
the impedance of the microstripline (), and td is the arbitrary
delay (seconds) of the aggressor’s signal relative to the
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victim’s signal.
The above equation shows how the
impedance of the susceptible microstripline contributes to the
resulting near-end crosstalk. Note that the magnitude of nearend crosstalk is a function of twice the coupling length, l,
since all forward travelling voltage waves from z = 0 through
z = l contribute to the near-end crosstalk at the source of the
victim’s circuit. This source is located at z = 0, and is the
location at which the near-end crosstalk is maximized.

crosstalk is about +/- 18 mV, for the above parameters. These
values are small because of the small value of h = 5mils.

The variables Z EVEN and ZODD are the microstripline
impedances for the even and odd mode conditions,
respectively. The above equation assumes that the crosstalk
coupled onto the susceptible victim’s line does not
significantly couple back onto the aggressor’s line. 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
Figure 1 shows the near-end crosstalk simulation results,
taking into account only the first reflection from the source,
for the following values of the microstripline variables:
(1)
(2)
(3)
(4)

l = 5 inches;
tr = 1ns for the signals on both microstriplines;
Bit period for both signals = 10ns;
Delay of aggressor signal relative to victim signal =
2.5ns;
(5) Conductor width, W = 6mils;
(6) Conductor height, h = 5mils;
(7) Conductor thickness, t = 1.4mils;
(8) Maximum/Minimum voltage amplitudes for both the
aggressor’s and victim’s source signals = 2.7V/0.4V;
(9) Edge-to-edge spacing between the two lines = 4mils;
(10) 
r = 4.0;
(11) Driver output HIGH and LOW impedances = 10;
and,
(12) 
ZODD = 58.3, ZEVEN = 65.6
The model for deriving these results was generated by the
author. The waveforms from Figure 1 highlight the near-end
crosstalk that is absorbed by the source. The transmission
coefficient for the source is equal to 1+source. The variable
source represents the reflection coefficient for the victim’s
source, and is usually a negative value since the switching
resistance of the source is usually less than the characteristic
impedance of the line in most cases. From Figure 1, it is clear
that the magnitude of the near-end crosstalk due to the even
mode coupling , as well as the odd-mode coupling, is small.
Figure 2 shows the crosstalk that is absorbed by the victim’s
source for the upper right and lower left cases shown in Figure
1 . Note the rectangular shape of the crosstalk voltages for a
risetime of 1ns. If the risetime of the aggressor’s signal is
small compared to the time delay, 2l/vp, then the near-end
crosstalk appears rectangular. The value of 2l/vp for the above
parameters is about 2.9ns. As can be seen from Figure 2, the
odd -mode crosstalk is about +/- 35 mV, and the even-mode

Fig. 1. Four possible scenarios for inducing odd mode or even mode crosstalk.
Purple: Victim, Blue: Aggressor, Black: Crosstalk, Red: Victim + Crosstalk.

Fig. 2. Near-end crosstalk, at the location of the source, between two coupled
microstriplines, that is absorbed by the source of the victim’s circuit. The
maximum odd-mode crosstalk is 35mv, and the maximum even-mode
crosstalk is 18mv. Blue: Even-mode, Red: Odd-mode

The odd-mode transmission coefficient for the victim’s
source is equal to 0.293, whereas the even-mode transmission
coefficient is equal to 0.264. If the aggressor’s signal is
switching at twice the rate of the victim’s signal, then Figure 3
shows the results. Note that the crosstalk for both modes is
smaller than the crosstalk when both bit rates are identical.
Figure 4 shows the resulting crosstalk signal. In this case, the
crosstalk is nearly half the level of the crosstalk when the bit
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rates for both signals are identical. Therefore, increasing the
bit rate of the aggressor’s signal relative to the bit rate of the
victim’s signal caused decreased crosstalk voltage levels for
the above parameters. When the near-end crosstalk arrives at
the source of the victim’s circuit, it expe riences a reflection,
and this reflected signal is then added to the victim’s source
signal as it propagates to the load. The reflection coefficient
for the source is typically a negative value, since the
impedance of the victim’s source is usually less than either the
even or odd mode impedances. Figure 5 shows the reflected
near-end crosstalk waveforms.

bit rate is twice the victim’s bit rate. The maximum magnitude of the
crosstalk voltage is equal to about 18mV.

From Figure 5, it is shown that the reflected near-end
crosstalk is noticeable when both bit rates are identical, at
least for symmetrical HIGH and LOW switching resistances
equal to 10. Figure 6 shows the crosstalk signals for the
upper right and lower left cases of Figure 1, and shows that
the magnitude of the odd-mode crosstalk level is larger than
the magnitude of the even-mode crosstalk level. The
maximum crosstalk level is about 85mv. If the aggressor’s bit
rate is twice the victim’s bit rate, then Figure 7 highlights the
results. In this case, the maximum magnitude of the crosstalk
level is about 52mv, which is about 38.8% smaller than the
maximum magnitude of the crosstalk level when both bit rates
are identical.
If the HIGH and LOW switching impedances of the
victim’s source are increased from 10 to 30, then Figure 8
highlights the results when the bit rate of the aggressor’s
signal is twice the bit rate of the victim’s signal. In this case,
the maximum magnitude of the crosstalk level is reduced by
about 50%, and is equal to 23mV. Therefore, sources with
higher identical HIGH and LOW switching impedances
reduce the magnitude of the near-end crosstalk that is
transmitted to the load. This result is intuitive, since
increasing the source impedance to 30
reduces the reflection
coefficient, because it is closer to the values of the odd and
even mode impedances. If the aggressor’s bit rate is increased
to twice the bit rate of the victim, and the aggressor’s risetime
is increased from 1ns to 2ns, then Figure 9 shows the results.
In this case, the crosstalk is decreased by about 3.4%.

Fig. 3. Near-end crosstalk, at the location of the source, between two coupled
microstriplines, that is absorbed by the victim’s source when the aggressor’s
bit rate is twice the victim’s bit rate. Purple: Victim, Blue: Aggressor, Black:
Crosstalk, Red: Victim + Crosstalk.

Fig. 5. Near-end crosstalk, at the location of the source, between two coupled
microstriplines, that is reflected by the victim’s source and is then added to
the victim’s source signal. Purple: Victim, Blue: Aggressor, Black: Crosstalk,
Red: Victim + Crosstalk.

Fig. 4. Near-end crosstalk, at the location of the source, between two coupled
microstriplines, that is absorbed by the victim’s source when the aggressor’s

Note that since the aggressor’s risetime is 2ns, and the delay
2l/vp, is equal to 2.9ns, then the near-end crosstalk starts to
appear triangular in its shape. Figure 10 shows the results
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when only the aggressor’s risetime is increased to 3ns. In this
situation, the crosstalk also appears triangular in its shape.
When the aggressor’s risetime is small compared to this delay,
then the near-end crosstalk appears rectangular in its shape, as
shown in Figure 7. It is also interesting to note that when the
shape of the near-end crosstalk appears triangular, the leading
edges of the triangles are characterized with a much smaller
slope than the analogous edges for far-end crosstalk. In
addition, as the aggressor’s risetime increases its value, the
slope of the leading edges of the triangular shapes decrease in
value, as shown in Figures 8, 9, and 10.
The near-end reflected crosstalk coefficients can be
displayed in the form of matrices. These coefficients appear
as part of the following equation:
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The coefficients displayed in Tables 1 and 2 represent the
crosstalk coefficients for both odd mode and even mode
conditions, respectively, while also taking into account the
source ’s reflection coefficient, . These tables were generated
with W=6mils. For example, Table 1 shows the odd mode
crosstalk multiplication factor matrix, such that when
multiplied by the magnitude of the aggressor’s signal,
provides an estimate of the expected reflected near-end
crosstalk voltage that adds to the victim’s source signal. 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 reflected crosstalk multiplication factor is -31.0e-3.
When multiplied by the maximum aggressor’s voltage of
+2.7V, then the reflected odd mode near-end crosstalk voltage
is estimated to be about 84mV, which is the value shown in
Figure 6. If a different aggressor voltage exists, then simply
multiply the -31.99e-3 multiplication factor by this voltage.
For example, if the maximum aggressor’s voltage is 1V, then
the odd mode crosstalk voltage will be (-31.99e-3)(1V) =
-31.99mV.
On the other hand, Table 2 shows the reflected even mode
crosstalk multiplication factor matrix. In this case, the [1,0]
entry is equal to -16.9e-3, which leads to an even mode
crosstalk value of -46.0mV when the magnitude of the
aggressor’s signal is +2.7V. This value is also close to the
even mode crosstalk voltage shown in Figure 6. If a different
voltage for the aggressor’s signal exists, simply multiply this
voltage by the multiplication factor to extract the new
crosstalk level. Tables such as Table 1 and Table 2 are very
useful design tools for predicting the crosstalk voltages.

Fig. 6. Near-end crosstalk, at the location of the source, between two coupled
microstriplines, that is reflected by the victim’s source when the aggressor’s
bit rate is equal to the victim’s bit rate. Blue: Even-mode, Red: Odd-mode

Fig. 7. Reflected near-end crosstalk, at the location of the source, between
two coupled microstriplines, that is added to the victim’s source signal when
the aggressor’s bit rate is twice the victim’s bit rate. Purple: Victim, Blue:
Aggressor, Black: Crosstalk, Red: Victim + Crosstalk.

The material presented in this paper can be studied in more
detail through the interactive signal integrity learning
environment that is available at www.the-signal-and-powerintegrity-institute.com.
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Fig. 8. Near-end crosstalk, at the location of the source, between two coupled
microstriplines, that is reflected by the victim’s source when the aggressor’s
bit rate is twice the victim’s bit rate, and the victim’s HIGH and LOW
switching impedances are increased from 10  to 30. The maximum
magnitude of the crosstalk is 26mV, a reduction of nearly 50%.

Fig. 10. Near-end crosstalk, at the location of the source, between two
coupled microstriplines, that is reflected by the victim’s source when the
aggressor’s bit rate is twice the victim’s bit rate, and the aggressor’s risetime
has been increased from 1ns to 3ns. The maximum magnitude of the crosstalk
is about 44mV, and represents an 15.4% decrease in the crosstalk relative to
when the risetime was 1ns, and both the HIGH and LOW source resistances
were 10. Note the continued triangular shape of the crosstalk signal.

Table 1. Odd mode reflected crosstalk multiplication matrix for the
parameters stated at the beginning of this paper.
Fig. 9. Near-end crosstalk, at the location of the source, between two coupled
microstriplines, that is reflected by the victim’s source when the aggressor’s
bit rate is twice the victim’s bit rate, and the aggressor’s risetime has been
increased from 1ns to 2ns. The maximum magnitude of the crosstalk is 50mV,
and represents an 3.4% de crease in the crosstalk relative to when the risetime
was 1ns, and both the HIGH and LOW source resistances were 10. Note
that since the aggressor’s risetime is 2ns, and the delay 2l/vp, is 2.9ns, then the
near-end crosstalk starts to appear triangular in its shape. When the
aggressors risetime is small compared to this delay, then the near-end
crosstalk appears rectangular in its shape, as in Figure 7.

Table 2. Even mode reflected crosstalk multiplication matrix for the
parameters stated at the beginning of this paper.
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