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Abstract—The losses for any transmission line can be
partitioned into conductive losses, as well as losses within the
dielectric substrate. This paper addresses these loss mechanisms
for microstripline over a wide range of conductor widths (W)
and conductor heights (h) above the reference plane, and in
which the RMS surface roughness of the plated signal conductor
is also taken into account. The quality of the plating process for
the transmission line conductors is an important consideration
for high-speed signal propagation, such as for PCI express
interconnects, for example. This quality is typically specified in
terms of an RMS surface roughness factor by the printed circuit
board manufacturer. Good plating characteristics yield RMS
surface roughness factors of about 0.2m or less, and can be as
high as 1.0m for high yield, low quality printed circuit boards.
In general, for microstripline, the conductive losses tend to
dominate the overall losses for small W and small h, which are
regularly encountered on most printed circuit boards. The
overall loss is simply the sum of the conductive loss and the loss
within the dielectric. It is noted that a third loss mechanism
relates to radiation losses along the microstripline. This loss
mechanism is not considered in this paper. Usually, if W is large
compared to h, the radiation losses are mostly negligible. The
impact of the conductive and dielectric microstripline losses on
the signal integrity performance of a 10Gbs propagating signal
with a 30ps risetime are also addressed in this paper.

I. INTRODUCTION
The conductive and dielectric loss mechanisms of a
microstripline will attenuate the strength of the propagating
signal as it travels along the microstripline. These two losses
contribute to reducing the transmission line bandwidth, which
can lower the noise margin. This paper addresses quantifying
these two loss mechanisms for microstripline when the r ange
of the conductor width, W, is 10mils < W < 18mils, and the
range for the conductor height is 5mils < h < 20mils. The
frequency at which these losses are calculated is 10GHz. It is
also shown that the impact of the RMS (root mean square)
surface roughness on the 3dB transmission line bandwidth for
a 6inch microstripline is to reduce this bandwidth by about
833MHz. The surface roughness of the plated signal
conductor causes scattering of the propagating signal. As the
frequency content of the propagating signal increases in value,
the signal then tends to propagate on the surface of the
conductor, and is known as the skin effect. If the surface of
the conductor is rough, then the signal will tend to scatter as it
propagates along the conductor. This scattering is a loss
mechanism. The degradation of the output 10Gbs eye
pattern s, as a function of the RMS surface roughness, when

the RMS roughness factor is 0.2
m, 0.4
m, and then 1.0
m,
are discussed in this paper.
II.

SIMULATION RESULTS

The microstripline transmission line losses can be
partitioned into conductive and dielectric losses. Table 1
highlights the conductive losses, in units of dB/inch at 10GHz.
These losses were extracted from a model that was derived by
the author. The horizontal gray axis represents (W-10)mils,
whereas the vertical gray axis represents (h-5)mils. For
example, if the value of the horizontal gray axis is 0, and the
value of the vertical gray axis is also 0, then the conductive
loss is 0.052dB/inch for W=10mils and h=5mils. Note that
for a given value of h, the conductive loss decreases as W
increases in value, as expected. In addition, for a fixed value
of W, the conductive loss decreases as h increases in value,
also as expected. Similar to Table 1, Table 2 shows the
dielectric loss, in units of dB/inch, also for 10GHz.

Table 1. The conductive loss, in units of dB/inch, is shown in the above table
at 10GHz.

Note that Table 2 shows that for a fixed value of h, the
dielectric loss increases as W increases in value, as expected.
In addition, for a fixed value of W, the dielectric loss
decreases in value as the value of h increases in value, also as

expected. Finally, Table 3 shows the total loss, in units of
dB/inch, at 10GHz. The total loss is simply the sum of the
conductive and dielectric losses.
The impact of the conductive and dielectric losses is to
decrease the 3dB bandwidth of the transmission line. As the
bandwidth decreases in value, the propagating signal
experiences more signal attenuation. The increased signal
attenuation tends to decrease the noise margin. With respect
to the conductive loss, one of the contributing factors to this
loss is the RMS surface roughness of the copper plating of the
conductors comprising the microstripline. For example, the
manufacturing process for printed circuit boards leads to a
degree of roughness on the surface of the transmission line
conductor. The degree of this surface roughness is captured in
the form of an RMS surface roughness factor. Depending
upon the quality of the plating process that is applied to the
transmission line conductor s by the printed circuit board
manufacturer, the RMS surface roughness can be as low as
0.2m, or as high as 1.0m.

Figure 2, on the other hand, shows the input and output eye
patterns, however, with an RMS surface roughness factor
equal to 0.4
m. In this case, the output eye opening is
reduced further relative to the case in which the RMS surface
roughness factor is 0.2m. Again, this additional reduction in
the noise margin for the output signal is still not significant.
Finally, Fig. 3 shows the situation in which the RMS surface
roughness factor is 1.0m. From Fig. 3, it is seen that the
noise margin has been reduced by about 40%, and is a
significant reduction. It is also important to note that the
maximum output voltage has also been reduced by about 40%.

Table 3. The total loss, in units of dB/inch, is shown in the above table at
10GHz.

Table 2. The dielectric loss, in units of dB/inch, is shown in the above table
at 10GHz.

It is of interest to understand the impact of the total loss on
the signal integrity performance of a 10Gbs propagating signal
with a 30ps risetime. In this case, Fig.1 highlights the input
and output eye patterns with and without consideration of the
RMS surface factor. By considering the RMS surface
roughness, it is seen that the output noise margin is reduced
further. However, the reduced noise margin, with an RMS
surface roughness factor of 0.2 
m, is not significant. The
distance between the two dashed lines indicates the noise
margin of the output signal when considering the RMS
surface roughness. The RMS surface roughness was taken
into account by using the model proposed by Hammerstad and
Jensen.

Fig. 1. 10Gbs input (left) and output eye patterns without considering the
effects of RMS surface roughness (middle), and considering the effects of
RMS surface roughness (right). The input signal was characterized with a
30ps input risetime. The length of the transmission line is 6inches and the
RMS surface roughness is 0.2m.

30ps input risetime. The length of the transmission line is 6inches, and the
RMS surface roughness is 1.0m.

Fig. 2. 10Gbs input (left) and output eye patterns without considering the
effects of RMS surface roughness (middle) and considering the effects of
RMS surface roughness (right). The input signal was characterized with a
3 0ps input risetime. The length of the transmission line is 6inches, and the
RMS surface roughness if 0.4 m .

Fig. 3. 10Gbs input (left) and output eye patterns without considering the
effects of RMS surface roughness (middle) and considering the effects of
RMS surface roughness (right). The input signal was characterized with a

III. CONCLUSIONS
Based upon the previous research, it was disclosed that the
microstripline losses can be partitioned into conductive and
dielectric losses, and that the quality of the finish of the
surface of the microstripline conductors can greatly degrade
the signal integrity performance of a high speed propagating
signal, when the RMS surface roughness factor approaches
1.0m.
It was also demonstrated, through computer
simulation, that the output noise margin can be reduced by
about 40% when the RMS surface roughness factor is equal to
1.0m. Therefore, it is important to select a printed circuit
board manufacturer that can produce low values of the RMS
surface roughness factor when high-speed signals with small
risetimes will reside on the board. The material presented
throughout this paper can be studied through the interactive
signal integrity learning environment available at the-signaland-power-integrity-institute.com.

