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The industry is moving away from parallel
buses and relatively slow differential signals
toward higher speed differential signaling
schemes. These high-speed signals solve
many design challenges: they offer new levels
of bandwidth, they lower overall system cost,
and they make designs easier by addressing
the skew issues of large parallel buses.

However, with these improvements
comes a new challenge: maintaining signal
integrity. As signals push the limits of the
media across which they are transmitted, the
challenge of dealing with signal impairments
becomes non-trivial, to say the least. The
new Xilinx® Virtex-4™ RocketIO™ trans-
ceivers have incorporated multiple new fea-
tures designed to solve this challenge.

Frequency-Dependent Loss
Several factors contribute to the frequency-
dependent loss of a typical channel. Figure
1 shows the frequency response of 1 m of
FR-4 trace. Dielectric loss and skin effect
combine to create a significant loss above 1
GHz. With today’s serial I/O standards

approaching 10 Gbps, this loss becomes a
critical design issue.

As a signal travels across a channel (like
the one with a transfer function shown in
Figure 1), a bit is degraded to the point
where it interferes with neighboring bits;
this is known as inter-symbol interference
(ISI). Figure 2 shows the effect of ISI on a
signal transmitted across a typical back-
plane channel. The high-frequency com-
ponents are subject to losses that are
greater than the low-frequency compo-
nents. The edges that contain the high-
frequency components are degraded,
resulting in added jitter and eye closure.
Additional techniques are needed to com-
pensate for these losses.

Signal Integrity Features
The Virtex-4 RocketIO transceivers con-
tain several features aimed at solving this
problem. The first is transmit pre-
emphasis. By modifying the signal before
it is transmitted through a channel,
transmit pre-emphasis can proactively
compensate for some of the frequency-
dependent loss of the channel.

Although most existing solutions use
two-tap transmit pre-emphasis (addressing
only the post-cursor ISI shown in Figure 2),

the Virtex-4 RocketIO transceivers employ
three-tap transmit pre-emphasis to address
both pre- and post-cursor ISI. For signal
rates above 3 Gbps, pre-cursor ISI becomes
a non-negligible effect, and three taps of
transmit pre-emphasis are needed to solve
the problem. 

In addition to transmit pre-emphasis,
Virtex-4 RocketIO transceivers provide
two different types of receive equalization.
These options can be used in conjunction
with transmit pre-emphasis to further
improve signals degraded by lossy channels.

The first type of receive equalization
works by amplifying the high-frequency
components of the signal that have been
attenuated by the channel (Figure 1). The
transfer functions of this equalizer are pro-
grammable, and are shown in Figure 3.

The second type of receive equalization is
called decision feedback equalization (DFE).
This technique removes ISI effects by look-
ing at consecutive bits and choosing the
amount of equalization needed.

Both forms of receive equalization
described above seek to amplify the high-
frequency components of the desired sig-
nal. An advantage of DFE is that it does
not amplify any crosstalk that may be asso-
ciated with the signal. This technique can
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therefore be useful for increasing the speed
of legacy backplanes, where extensive
crosstalk may exist.

All of these signal integrity features are
fully programmable; they can be used inde-
pendently or together, and each has multi-
ple settings to equalize any channel. To
fully take advantage of these hardware-
based features, Xilinx also provides soft-
ware-based reference designs that use bit
error rate tests (BERT) to find the optimal
settings for each unique application.

Integrated Receive Side AC-Coupling Capacitors
Many applications require AC-coupling
capacitors to ensure compatibility between
different Tx and Rx blocks. These capaci-
tors require their own vias; at high speeds
vias present yet another discontinuity to
impair signal quality.

The Virtex-4 RocketIO transceivers
integrate the AC-coupling capacitors on
chip. This not only reduces external com-
ponent count and design effort, but more
importantly improves signal integrity by
removing the need for extra vias in the
board. These integrated AC-coupling
capacitors can be optionally bypassed.

Conclusion
Signal integrity is an engineering challenge
that accompanies the move to high-speed
serial signaling. Once the system design has
been optimized to minimize the physical
effects of connectors, board materials, traces,
vias, coupling capacitors, and cables, the
remaining losses and channel effects need to
be addressed by advanced silicon features.

Virtex-4 RocketIO transceivers are the
industry’s fastest integrated transceivers.
Along with these leading-edge speeds, the
RocketIO transceivers deliver multiple fea-
tures designed to simultaneously address
the signal integrity challenge that comes
with them.

Xilinx has detailed information about
high-speed design challenges, and the
solutions available to solve them, at
w w w. x i l i n x . c o m / s i g n a l i n t e g r i t y .
Instructional DVDs that describe various
aspects of the signal integrity challenge
can be purchased from the Xilinx online
store by visiting www.xilinx.com/store/. 
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Figure 1 – Frequency-dependent loss

Figure 2 – A transmitted bit (left) and the result of inter-symbol interference (right)

Figure 3 – Virtex-4 RocketIO receive equalization transfer functions
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