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Abstract
An overview of the £1.3 million EPSRC and

company matched funded Innovative electronics
Manufacturing Research Centre (IeMRC) Flagship
project between 3 UK universities and 10 companies
entitled "Integrated Optical and Electronic Interconnect
PCB Manufacturing". The project aims to develop of
optical waveguide design rules, layout software,
fabrication methods compatible with commercial
production, characterisation techniques and optical
connector design to provide a supply chain for Polymer
Multimode Optical Waveguide Printed Circuit Boards
(OPCB) for 10 Gb/s board-to-board interconnections.

Introduction
Electronic rack based systems often have a central or

rear printed circuit board known as the backplane or
motherboard into which is plugged multiple smaller
printed circuit boards known as line cards, daughter
boards, drive cards or mezzanine cards. For the highest
reliability and the lowest maintenance costs, the
backplane should have only passive interconnects as
active components may fail. Conversely, the line cards
are highly populated with active components but it is
easy to unplug them and to replace them if the active
components fail, as they are accessible from the outside
of the rack. For highest efficiency, the connectors from
the line cards to the backplane must have a high
aggregate bandwidth and so data on the line cards is
multiplexed to a high bit rate and sent through a multi­
channel high bit rate connector onto the backplane. As
bit rates increase, the copper tracks or traces on the
backplane are now limiting performance.

At high bit rates copper traces have high frequency
dependent loss due to the skin depth effect [1] and
electromagnetic waves are strongly radiated and
received by other traces leading to severe crosstalk. If
the system unit is not shielded, then electromagnetic
interference (EMI) radiates from the box and likewise
traces receive interference from outside the box.
Frequency dependent loss and intersymbol interference
can be compensated by using transmitter pulse pre­
emphasis filters and receiver amplifiers with high gain
having either fixed blind or adaptive equalisation filters.
However, these techniques consume power and are
costly. Electromagnetic crosstalk can be reduced by
shielding the traces by burying them in a multilayer
board between earth planes; however, there are still high
frequency currents in the earth planes which radiate.

Differential lines can suppress much radiation but at
comers, the asymmetric differential mode can convert to
the common mode, which radiates strongly [2]. At high
bit rates parasitic impedances also become important so
copper vias between traces on different layers must be
fabricated to minimise impedance mismatch reflections
by back drilling buried vias to remove stubs but this
requires additional processing steps requiring additional
cost. Therefore, engineers are investigating an
alternative technology to copper traces which does not
require costly compensations, namely, optical
waveguide interconnects.

Optical waveguides have very large bandwidths and
so are scalable for use at bandwidth well in excess of 10
Gb/s. The core and the cladding are both polymer for
low cost and ease of fabrication but the core has a
slightly higher refractive index than the cladding. They
are similar to optical fibres in that they operate by total
internal reflection but unlike optical fibres, they have a
square core rather than a circular core cross section, as
they are not fabricated by heating and drawing but
instead are formed using techniques compatible with
those already used to fabricate printed circuit boards.
The waveguides can be formed on one or more layers
within or on the surface of a multilayer printed circuit
board as part of the usual lamination process.

Copper traces are very good at low bit rates and
better than optics for transmitting power so will be
preserved for low data rate connections and power
connections in the hybrid optical and electronic printed
circuit boards (OPCBs). In order to ease the design of
optical printed circuit boards by electronic engineers
more familiar with the design of conventional PCBs, in
this project, optical design rules are being established
and incorporated into existing printed circuit board
layout programs to layout both copper traces and optical
waveguide interconnects together. The design rule
checkers and autorouting software will check and layout
the optical waveguide interconnects on the optical
layers.

If electronic engineers are to use optical waveguides
in preference to copper traces, the cost of a full
installation must be kept very low. For example, the
optical pluggable connector is an important part of the
cost of a system using optical waveguides so its cost
must be minimised by reducing the part count in the
connectors and reducing the fabrication tolerances
required in the connector. The connector must be
designed to give a low loss connection even if it is

978-1-4244-2814-4/08/$25.00 ©2008 IEEE 867
2nd Electronics Systemintegration Technology Conference

Greenwich, UK

Authorized licensed use limited to: University College London. Downloaded on October 6, 2009 at 11:17 from IEEE Xplore.  Restrictions apply. 












