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Abstract—It is well known in the industry that routing a signal
directly across a reference plane cutout can cause problems with
respect to electromagnetic compatibility. On the other hand, it is
not well known how the signal integrity performance of the
propagating signal is affected by the reference plane cutout. This
paper discusses the time-domain, as well as the frequencydomain effects of signal jumping across a reference plane cutout,
of varying dimensions, on a high-speed 10Gbs signal that is
routed across the reference plane cutout. It is of interest to
extract general signal integrity degrading trends by only
considering a 10Gbs propagating signal with a 40ps risetime.

upon the two contours that are traversed by the return current
along the upper and lower halves of each cutout, the value of
this inductance can be estimated.
For example, this
inductance can be estimated by using the following closed
form formula that was derived by the author:
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The units of L(X,Y,d) are nano-henries. The variable d
represents
the width of the contours taken by the return
I. INTRODUCTION
current around the upper and lower halves of each cutout. For
Figure 1 shows a computer simulation, derived by the example, the value of d from Fig. 1 is 1-2mils. It is important
author, which shows how a signal that is routed directly across to note that X, Y, and d must be in units of inches when using
several small reference plane cutouts returns back to its source. this formula. It should be intuitive that smaller values of X
and Y yield smaller inductive discontinuities. For example,
when X=20mils and Y=20mils, the inductive discontinuity is
equal to 0.39nH. On the other hand, when X=40mils and
Y=40mils, the inductive discontinuity is equal to 0.98nH.
II.

SIMULATION RESULTS

Fig. 1. Example simulation of the return current when a source current is
routed directly over five consecutive small reference plane cutouts.

When the propagating signal encounters a reference plane
cutout, the inductive discontinuity causes reflections to occur
at this boundary. If the source is perfectly matched to the
characteristic impedance of the transmission line, then the
source reflection coefficient is zero, and this reflection will
have no effect on the output signal. Figure 2 shows the S21 (f)
forward transfer function, between 0Hz and 20GHz, when the
propagating signal encounters a cutout with X=40mils and
Y=50mils.

In this case, the return current tends to hug the periphery of
each cutout. In between adjacent cutouts, the return current
directly flows underneath the source current, as expected. The
conductor that carries the source current is outlined with a
dashed rectangle, and resides above the reference plane. The
width of th e conductor is 6mils. The contour that is followed
by the return current typically resides within 1 -2mils around
the periphery of each cutout. For simulation purposes, the
width of each cutout is represented by the variable X, whereas
the height of each cutout is represented by the variable Y.
Thus, the area encompassed by each cutout is the product of X
and Y.

From Fig. 2, it is clear that a reference plane cutout behaves
as a kind of low-pass filter. Figure 2 shows the 3dB
bandwidth is approximately 13GHz. This reference plane
cutout would support input risetimes no less than about 39ps
with manageable signal attenuation. Figure 3 shows the
resulting output eye pattern from the cutout. The output eye
pattern shows that the risetime of the output signal is slightly
larger than the risetime from the input signal. However, the
signal degradations shown in Fig. 3 are minimal and would
result in a very low bit-error-rate. Figure 4, on the other hand,
shows the case in which the propagating signal encounters
two identical cutouts with X=40mils and Y=50mils.

The net effect of the reference plane cutout is to induce an
inductive discontinuity along the propagation path. Based

Fig. 2. S21 (f) transfer functions when X=40mils and Y=50mils.
Fig. 5. Output 10Gbs eye pattern (left) and the reference input 10Gbs eye
pattern (right). The risetime of the input signal is 40ps, and there are ten
identical cutouts encountered somewhere along the propagation path.

Figure 6 highlights the case in which the propagating signal
encounters a single cutout in which X=40mils and Y=250mils.
In this case, the output noise margin has been reduced by
about 20%, with just a single cutout. If two of these cutouts
are encountered somewhere along the propagation path, then
Fig. 7 shows the output eye pattern. In this situation, the
output noise margin has been reduced by about 40%.

Fig. 3. Output 10Gbs eye pattern (left) and the reference input 10Gbs eye
pattern (right). The risetime of the input signal is 40ps.

Fig. 6. Output 10Gbs eye pattern (left) and the reference input 10Gbs eye
pattern (right). The risetime of the input signal is 40ps, and there is one
cutout encountered somewhere along the propagation path in which X=40mils
and Y=250mils.

Fig. 4. Output 10Gbs eye pattern (left) and the reference input 10Gbs eye
pattern (right). The risetime of the input signal is 40ps, and there are two
identical cutouts encountered somewhere along the propagation path.

Even with two cutouts, Fig. 4 still shows very good signal
integrity properties for the output signal. On the other hand,
Fig. 5 shows the output eye pattern when ten identical cutouts
are encountered somewhere along the propagation path.
Although it is very unlikely that ten cutouts will be
encountered by the propagating signal, it is instructive to
understand this situation. In this case, the noise margin is
reduced by about 40%. However, the timing jitter only
slightly increased in its magnitude.

Finally, Fig. 8 shows the output eye pattern when a single
cutout is encountered somewhere along the propagation path
in which X=40mils and Y=500mils. The noise margin has
been reduced by about 40% with only one cutout. For
reference purposes, Fig. 9 shows the case in which two of
these cutouts occur somewhere along the propagation path.
As expected, as the size of the cutout is increased in value, its
impact on the signal integrity of the propagating signal is
more significant. In this situation, the eye pattern is almost
closed, and is unacceptable. Therefore, it is good design
practice to minimize the size and the number of any cutouts
whenever a signal is routed across the cutouts. This research
has shown that a small number of small cutouts can be crossed
by a propagating signal without significantly degrading the

signal integrity of the propagating signal. However, the
maximum linear dimension of the cutout should not exceed
about 50mils. The material presented throughout this paper
can be studied through the interactive signal integrity learning
environment that is available at the-signal-and-powerintegrity-institute.com.

Fig. 8. Output 10Gbs eye pattern (left) and the reference input 10Gbs eye
pattern (right). The risetime of the input signal is 40ps, and there is one
cutout encountered somewhere along the propagation path in which X=40mils
and Y=500mils.

Fig. 7. Output 10Gbs eye pattern (left) and the reference input 10Gbs eye
pattern (right). The risetime of the input signal is 40ps, and there are two
cutouts encountered somewhere along the propagation path in which
X=40mils and Y=250mils.

Fig. 9. Output 10Gbs eye pattern (left) and the reference input 10Gbs eye
pattern (right). The risetime of the input signal is 40ps, and there is one
cutout encountered somewhere along the propagation path in which X=40mils
and Y=500mils.

