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What do you do when you prefer the
idea of COTS-based development, but
you already have an existing design? You
now have to squeeze even more perfor-
mance out of the system… how can you
get the best of both worlds, COTS and
custom configuration from a single
backplane?

The benefits of COTS-based equipment
has been a much discussed subject for a
number of years. After decades of custom
designed equipment for military systems
based around the perceived special needs,
the alternative viewpoint of standards,
availability, and the potentially easier
route for upgrading systems has made
significant inroads into rugged system
designs.

The established base for this lies with
VME, having been the pre-eminent stan-
dard when the move to COTS equipment
started. With the ability for users to define
the pin-out functionality of the outer rows
of the J2 connector, the opportunity exists
for specialist user applications while the
basic bus structure remains unchanged. 

Over the years, Mektron Systems Ltd 
has designed a number of these special
boards, including full-military specifica-
tion (MIL-P-55110) backplanes for use in
both conduction and convection cooled
systems.

CompactPCI has boosted this level of user
definition with its greater potential for
custom I/O, the basic architecture only
requiring a smaller fraction of the space
available on the edge of a standard 6U
card format.

Increasing bandwidth can be achieved by
greater parallelism (wider data paths) or
faster edge rates or a combination of both.
There are a number of considerations
when attempting to transport data faster.
The use of wide paths brings a number of
issues, with greater switching currents and
greater physical distances across a con-
nector field causing skew in the signal
timing.

Higher speed switching relies on im-
proved signal fidelity. One of the reasons
CompactPCI basic pin-out definition pro-
vided regular ground patterning along the
edge of the connector field was to give a
higher ground/signal ratio. For even
greater improvement it is possible to form
a quasi co-axial connector by assigning
ground pins throughout the pin field. This
gives good shielding between signal lines
and provides a controlled ground return
path, but at the sacrifice of pins.

Conventional systems, whether bused or
point-to-point rely on the return current
via the ground path. Thus, for any signal
to be transmitted, an equivalent return sig-
nal is required. If the return path is tortu-
ous, this will degrade the signal and ulti-
mately limit the data rate. This may be as
a result of inductance in the ground plane
layout of the backplane causing ground
“bounce,” or the potential for noise to be
induced to the data line when the return
path is physically separated from the sig-
nal path, creating a loop area.

Differential mode transmission minimizes
these problems and to achieve the cus-
tomers’ requirements, the latest version of
the system has embodied a number of
changes to achieve even higher speed
operation. The chosen solution was to
implement a dedicated high-speed path
between two adjacent boards within a
defined link area.

Backplane construction
The backplane considered here is used in
a rugged application. Initially developed
by Mektron Systems Ltd, the system was
based around a custom CompactPCI four-
slot standard backplane (see Figure 1).
Despite the relatively high bandwidth
inherent in the system, subsequent devel-
opment of the target architecture called for
a number of new high-speed data paths.
The signal types used on this backplane
fell into the following categories:

■ CompactPCI signaling
■ Low Voltage Differential Signaling

(LVDS)

■ Analog
■ High-speed serial bus

All of these signal types need to be han-
dled on the one board, with a range of
characteristic impedances and the need for
some special signal handling. One of the
goals was to retain conventional FR4
material for the board construction.
Alternative materials, with lower dielec-
tric values, typically carry a cost penalty
and a restriction on the number of PCB
fabrication houses that can handle the pro-
cessing.

Performance dictated that all signal layers
be buried, using a strip line construction to
guarantee controlled impedance and sep-
aration from extraneous noise. The final
construction was achieved in a board with
a modest 14 layers.

Connectors
The P4 connector used in this application
is purpose built for very high-speed differ-
ential transmission. The ERmet ZD range
of connectors is based around the 2mm
hard metric standard (IEC 061076-4-101).
The heart of the system is a pair of pins
with an adjacent “L” shaped screen
around each pair (see Figure 2). Internally,
the female half has the tracking arranged
to minimize the track differential length
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(on the male mating half, trace equaliza-
tion is performed in the backplane layout).
The end result is a connector capable of
transmitting data at 5 Gigabits/sec, ideally
suited to the types of signals we needed to
transport. Figure 3 shows an ERmet con-
nector in P4 position.

Signal types
CompactPCI: Conventional signaling
using single ended drivers and receivers.
The CompactPCI bus is based around a 65
ohm line. Unlike previous bus architec-
tures, CompactPCI utilizes a series termi-
nation resistor on the daughter board, thus
doing away with the pull-up/pull-down ter-
mination seen at the end of the longer TTL
backplanes (VME/Multibus II etc.). The
majority of interconnects on the board were
identical to the existing standard product.

LVDS: As the name implies, the data and
its complement are transmitted simultane-
ously over a closely matched pair of lines
(see Figure 4). Design rules for LVDS call
for a number of special considerations:

■ Isolation of LVDS signals from
TTL/CMOS signals, normally
achieved by having a dedicated
tracking layer.

■ A differential impedance (Zoe), typi-
cally 100 ohms, is required between
the pair of traces. This requires a
geometry similar to the 60 ohms used
in single ended transmission (Zoe)

Zoo = 2 x Zoe (1-0.374 e –2.9 s/h)

Where “s” is the separation between the
traces and “h” is the dielectric separation
(see Figure 5).

■ Pairs of lines can be edge coupled
(side by side) or broadside (stacked
vertically above each other) 
between the reference layers. In
this application, edge-coupled
format was chosen.

■ The paired lines are kept close
together for a number of reasons.
This keeps the line length as close as
possible (minimizing signal skew)
and keeps the loop area as small as
possible. Good practice says that the
next nearest pair should be the greater
of twice the separation or twice the
trace width away. 

■ High-speed signal routing for any
logic family avoids sharp trace direc-
tion changes. Any rapid change
causes a discontinuity, which results
in a proportion of the signal being
reflected back towards the source.
Curved traces are ideal, but more typi-
cally 45° changes are used. If using
right-angled changes, an angled
chamfer offers improvement (see
Figure 6).

■ For ultimate performance, traces
entering the connector field should be
routed on the opposite side to the con-
nector. This way the via in the board

is part of the trace. If tracked on the
connector side, the via appears as a
short stub at very high frequencies,
resulting in unwanted reflections (see
Figure 7).

Analog: The special handling of the analog
portion of the data required modification of
the geometry of the (single ended) lines to
achieve a 75 ohm characteristic impedance.
Reduction of trace width or increasing
dielectric separation (or a combination of
both) will increase the intrinsic impedance
of a line. Of greater significance in the
design of this board was the need to main-
tain an analog ground reference, quite inde-
pendent of the logic ground.

High-speed serial bus: A number of tech-
niques described above were used to cre-
ate this dedicated bus. Based around a 100
ohm differential system, the lines were
additionally protected with shielding
tracks. These need to be either side of the
differential pair to achieve a balanced
shield and to be effective must have a fre-
quent connection to the ground plane.
Their position needs to be at least at a dis-
tance of twice the separation of the pair
that they are designed to protect. Also
needing special attention is the effect of
bringing a ground protection trace adja-
cent to a signal pair. This requires special
factoring in to the design equation if the
measured impedance is not to fall below
the target figure.

Power planes
The construction of the board used com-
mon copper weights, with power planes
fabricated from 2oz copper and the signals
carried on 1oz planes. To achieve the con-
struction in a minimum layer count the
design utilized split planes, the signals
traces are related to their adjacent refer-
ence planes. By splitting the plane, a sin-
gle layer can act as different references for
different signal types.
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Conclusion
The end result was a backplane that met the
various goals, bringing together a COTS
based CompactPCI implementation, based
on a previous design that would accom-
modate standard boards, while extending
the capability of the system with a special
high-speed area. Sometimes it is possible
to have the best of both worlds.
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