Copyright 2011 by Dr. Andrew David Norte

Even And Odd Mode Signal Propagation For
Coplanar Coupled Microstriplines
David Norte, PhD
www.the-signal-and-power-integrity-institute.com

Thornton, Colorado, 80234, USA
Abstract—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.
For example, the proximity of two microstriplines to each other
can influence the characteristic impedances of both transmission
lines, and leads to the concept of even-mode and odd-mode signal
propagation. These two modes of propagation can affect the
signal integrity properties of the two lines. The impact of evenmode and odd-mode signal propagation on the signal integrity
properties of two coupled microstriplines leads to increased or
decreased values of the intended isolated characteristic
impedance, and is discussed in this paper. Crosstalk, which is
another signal degradation that occurs with coupled
microstriplines, is not considered in this paper. The conductor
width, W, that is considered in this paper is equal to 6mils, while
the distance to the conductor’s reference plane, h, is equal to
10mils.

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, the
intended characteristic impedances of the two lines are
affected by their relative switching characteristics. This effect
leads to the concept of even-mode and odd-mode signal
propagation.
For example, when the data on a microstripline is
synchronously switching with the data from a nearby
microstripline, and its data polarity is opposite of the data
polarity from the nearby microstripline, then this situation is
known as odd-mode signal propagation. For example, if the
microstripline is carrying a logical “1” voltage level, then the
nearby microstripline would be carrying a logical “0” voltage
level for odd-mode signal propagation. On the other hand,
when the data polarity between the two microstriplines is the
same, and they both simultaneously carry either logical “1”
voltage levels, or logical “0” voltage levels, then this situation
is known as even-mode signal propagation.
Figure 1 shows the electric and magnetic field lines for both
odd-mode and even-mode signal propagation. The dashed

lines represent magnetic field lines, whereas the solid lines
represent electric field lines. Based upon the electric and
magnetic field lines from Figure 1, the even-mode impedance
should be larger that the odd-mode impedance, since the
magnetic flux captured by an individual microstripline is
maximized by the flux from the other microstripline. In
addition, the mutual capacitance is minimized between the
two microstriplines. For odd-mode signal propagation, the
magnetic flux is minimized for an individual microstripline,
however, the mutual capacitance between the two
microstriplines is maximized.
The mutual inductances and capacitances between the two
microstriplines cause the characteristic impedances of the two
microstriplines to change dynamically, and depends upon
whether the signal propagation is even-mode or odd-mode.
The impact of these dynamic impedance changes on the signal
integrity of the propagating signal on one of these lines is
discussed for several cases.
First, the case is considered in which the driver’s HIGH and
LOW switching state impedances are identical and are equal
to the odd-mode impedance of the coupled microstriplines.
Secondly, the case is considered in which the driver’s HIGH
and LOW switching state impedances are identical and are
equal to the even-mode impedance of the coupled
microstriplines. Thirdly, the case is considered in which the
driver’s HIGH and LOW switching state impedances are
identical and are equal to the geometric mean of the evenmode and odd-mode impedances of the coupled
microstriplines. Next, the case is considered in which the
driver’s HIGH and LOW switching state impedances are
different, however, the HIGH state impedance matches the
even-mode impedance of the coupled microstriplines, and the
LOW state impedance matches the odd-mode impedance of
the coupled microstriplines. Lastly, the cases are considered
in which the driver’s HIGH and LOW switching state
impedances are both equal to 40and then 30. Finally, the
results from these simulations are used to derive design
guidelines when placing microstriplines close to each other.
The conductor width, W, that is considered in this paper is
equal to 6mils, while the distance from the conductor to its
reference plane, h, is equal to 10mils. The edge-to-edge
distances between the two coupled microstriplines that are
considered in this paper are 4mils, 8mils, 12mils, 16mils, and
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20mils. When the conductor height is equal to 10mils, and the
edge-to-edge separation distance is 4mils, then the even and
odd mode impedances are equal to ZEVEN = 79.6and ZODD =
46.2. The difference in these two impedances is 33.4.
The geometric mean of these two impedances is equal to
60.6. In addition, the load for both microstriplines is an
ASIC, having an input impedance modelled by a series R-L-C
circuit in which R=14m, L=1nH, and C=2pF.
edge-to-edge distance

Fig. 1. Electric and magnetic field lines for even-mode, as well as odd-mode
signal propagation.

II. SIMULATION RESULTS
Figure 2 shows the eye patterns, referenced at the input of
the ASIC receiver, for a 100Mbs propagating signal, in which
the risetime of the driver’s output signal to the microstripline
is about 2.0ns. In addition, the VOL and VOH values of the
driver are equal to 0.4V and 2.7V, respectively. Parts (a)
through (f) of Figure 2 pertain to different output driver
impedances. For example, Figure 2(a) shows the case in
which the driver’s HIGH and LOW switching state
impedances are the same and are equal to the even-mode
impedance (79.6), of the two coupled microstriplines.
R DRIVER = 79.6

(a)

RDRIVER = 46.2
& 79.6


(d)

(c)

R DRIVER = 40.0

(e)

Figure 2(d) shows the situation in which the driver’s HIGH
and LOW switching state impedances are not equal to each
other, however, the HIGH switching state impedance is equal
to the even-mode impedance (79.6), and the LOW switching
state impedance is equal to the odd-mode impedance (46.2).
As can be seen from Figure 2, cases (a) through (d) do not
lead to a received minimum HIGH voltage level equal to at
least VOH = 2.7V.
It is not until the driver’s output HIGH and LOW switching
state impedances are both equal to 40that the received VOH
levels are at least equal to VOH = 2.7V, and are between 2.8V
and 3.6V along the flat-top portion of the eye pattern. When
the driver’s output HIGH and LOW switching state
impedances are both equal to 30, then the received VOH
levels are between 3.2V and about 4.0V. However, the
received LOW voltage levels do not appear to be as affected
by the even and odd mode switching characteristics of the
coupled microstriplines. In all cases, the received VOL voltage
level is close to 0.4V.
Therefore, it appears that for very
closely spaced coupled microstriplines, in which the edge-toedge separation distance between the two microstriplines is
4mils, the driver’s output HIGH and LOW impedances should
both be equal to about 30, and should not exceed 30. The
net effect of the driver’s output switching impedance(s), in
relation to the even and odd mode impedances of the coupled
microstriplines, is to raise or lower the VOH levels at the ASIC
receiver’s input.
Figure 3 shows the simulation results when only the edgeto-edge separation distance is increased from 4mils to 8mils.
In this situation, the even and odd mode impedances are equal
to 74.7and 53.8, respectively, leading to a difference of
20.9. The net effect of increasing the edge-to-edge
separation distance from 4mils to 8mils is to decrease the even
mode impedance and to increase the odd mode impedance of
the coupled microstriplines.
R DRIVER = 74.7

R DRIVER = 46.2 

R DRIVER = 60.6

(b)

Fig. 2. Received eye patterns at the input of the ASIC receiver, for different
driver output impedances, and an edge-to-edge separation distance of 4mils.

(a)

R DRIVER = 30.0

(f)

RDRIVER = 63.4

(b)

RDRIVER = 53.8 
& 74.7

(d)

R DRIVER = 53.8

(c)

R DRIVER = 30.0 

RDRIVER = 40.0

(e)

(f)

Fig. 3. Received eye patterns at the input of the ASIC receiver, for different
driver output impedances and an edge-to-edge separation distance of 8mils.
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In addition, the smaller difference between the even and
odd mode impedances causes less of a variation of the
received V OH voltage levels. Figure 3 shows that when both
the HIGH and LOW driver output impedances are equal to
40, the variation of the received VOH voltage levels is
between 3.1V and about 3.55V. Therefore, this separation
distance would require driver impedances no larger than about
40. The increased edge-to-edge separation distance also
enables the use of drivers with larger output impedances. The
increased separation distance caused a larger value of the
minimum received V OH voltage level from 2.8V to 3.1V. The
maximum received VOH voltage level is also reduced from
4.0V to 3.55V. Therefore, the variation in the received VOH
voltage levels decreased from 0.8V to 0.45V with the
increased edge-to-edge separation distance. In addition, the
received V OL voltage levels appeared to be mostly unaffected
by the driver’s output impedance(s). Finally, the timing jitter
is reduced with the increased edge-to-edge separation distance.
Figure 4 shows the simulation results when only the edgeto-edge separation distance is increased from 8mils to 12mils.
In this case, the even and odd mode impedances of the
coupled microstriplines are 72.0 and 57.9, respectively,
leading to a difference of 14.3. The same trends from
Figures 2-3 also apply to the results from Figure 4. For
example, increasing the edge-to-edge separation distance
continues to decrease the variation of the received V OH
voltage levels, while increasing the minimum received value
of VOH , and decreasing the maximum received value of VOH.
In addition, the output driver impedance does not need to be
lowered below 40to achieve a received value of VOH that is
at least equal to 2.7V. The timing jitter also continues to be
reduced.
R DRIVER = 72.0

(a)

R DRIVER = 64.6

(b)

RDRIVER = 57.9
& 72.0 

(d)

R DRIVER = 70.4

RDRIVER = 65.2

RDRIVER = 60.

R DRIVER = 60.4
& 70.4

RDRIVER = 40.0

R DRIVER = 30.0

Fig. 5. Received eye patterns at the input of the ASIC receiver, for different
driver output impedances and an edge-to-edge separation distance of 16mils.

R DRIVER = 69.2

RDRIVER = 65.5

R DRIVER = 62.0

RDRIVER = 62.0
& 69.2 

R DRIVER = 40.0.0

R DRIVER = 30.0

R DRIVER = 57.9

(c)

R DRIVER = 40.0

(e)

separation distance of 16mils are 70.4 and 60.4,
respectively. The difference between these two impedances is
10. Figure 5 highlights a smaller variation of the received
VOH values equal to 0.24V. The timing jitter also continues to
decrease its magnitude. When the edge-to-edge separation
distance is 20mils, the even and odd mode impedances are
equal to 69.2 and 62.0, respectively. The difference
between these two impedances is 7.2. Figure 6 highlights a
variation of the received VOH values equal to 0.2V. The
timing jitter also continues to decrease its magnitude.

R DRIVER = 30.0

(f)

Fig. 6. Received eye patterns at the input of the ASIC receiver, for different
driver output impedances and an edge-to-edge separation distance of 20mils.

Fig. 4. Received eye patterns at the input of the ASIC receiver, for different
driver output impedances and an edge-to-edge separation distance of 12mils.

For the sake of completion, Figure 5 and Figure 6 highlight
the simulation results when only the edge-to-edge separation
distance is increased to 16mils and 20mils, respectively. The
even and odd mode impedances for an edge-to-edge

It is noted that the simulation results shown in Figures 2-6
pertain to a value of h = 10mils. If the value of h is increased,
then the even mode impedance will increase in value, while
the odd mode impedance will decrease in value. This
situation will lead to larger variations in the received values of
VOH, and will require smaller driver output impedances in
order to overcome this larger spread in the received values of
VOH so that a minimum received value of VOH = 2.7V is
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present at the input to the receiver. This larger spread is due
to a smaller minimum received value of VOH, as well as a
larger maximum received value of VOH. The larger even
mode and smaller odd mode impedance values will also cause
increased timing jitter. Therefore, it is good engineering
design practice, in general, to keep the value of h as small as
is practically possible for coupled microstriplines, and to use
drivers that are characterized with identical HIGH and LOW
switching state impedances that are both equal to no more
than about 30 for closely coupled microstriplines. More
loosely coupled microstriplines may enable the use of drivers
with identical HIGH and LOW switching state impedances
that are greater than 30. It is important to note that drivers
with different HIGH and LOW switching state impedances
should be avoided with closely coupled microstriplines.
III. CONCLUSIONS
Based upon the previous research, it was disclosed that
coupled microstriplines cause significant changes in the

intended isolated characteristic impedance of a single
microstripline. Odd-mode and even-mode signal propagation
caused significant changes in the isolated characteristic
impedance. Even-mode propagation caused increases in the
characteristic impedance, whereas odd-mode propagation
caused decreases in the characteristic impedance. Typical
variations of the characteristic impedance were +/- 15% for an
edge-to-edge separation distance of 4mils, and were +/- 8%
for an edge-to-edge separation distance of 8mils. Tightly
coupled microstriplines, in which the edge-to-edge separation
distance is 4mils, require identical HIGH and LOW switching
state driver impedances that do not exceed 30. Larger edgeto-edge separation distances produced smaller variations in
the received values of VOH , as well as less timing jitter. In
addition, larger edge-to-edge separation distances may enable
the use of drivers with identical HIGH and LOW switching
impedances that are larger than 30.
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