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Abstract
This paper reports numerous experimental

measurements and modelling result of the loss caused by
various amounts of translation and rotation misalignment
in the optical backplane system. Combinations of VCSEL
as the light source and waveguides of various widths have
been input in the system. The source has been moved
away from the centre of a channel waveguide in the
horizontal and vertical direction gradually to find out the
translation and rotation tolerance. Offsets between
VCSEL-waveguide and waveguide-receiver have been
studied to find the translation and rotation tolerance.

Introduction
Polymer optical waveguides fabricated on multilayer

printed circuit boards can support 10 Gb/s data rates and
higher without suffering from the bandwidth and
electromagnetic interference (EMI)-limitations of
conventional PCBs using only copper track interconnects
[1]. For this technology to become widespread the cost
must be minimised and the most costly parts are the input
and output connectors [2]. Single mode waveguides have
small core dimensions of typically 9 microns and so very
precise active alignment in 6 axes (3 linear stages and 3
rotation stages) is required to align the socket to the
waveguide and the plug to the optical source or detector.
The socket and plug must be made to tight tolerances and
designed to allow precise mating. In order to avoid these
costly procedures and increase misalignment tolerance of
a system, wider multimode waveguides are used in
preference to single mode waveguide [3,4], and the
waveguide cores are typically 50 - 100 microns. Even so
the connectors have to be sufficiently well aligned to
minimise possible misalignments along the 6 axes as
these will cause additional loss [4].

In this paper a system of multimode waveguide
backplane for storage area network is tested. The aim of
the experiments and modelling is to find efficient and cost
effective solutions to implement the system. Technically
in this system, VCSELs are to be mounted on
daughterboard while the backplane itself consists only of
passive optical waveguides to increase its lifetime as the
backplane is harder to replace than the daughterboard [5].
The daughterboard may experience vibration when plug
in and out; other parts like hard disk or memory cards
which are connected to backplane might vibrate or cause
vibration in the entire system. So to have a robust system
it is essential for the connector to be able to withstand
relative misalignments within a certain tolerance.
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Fig. 1. Block diagram of optical backplane system.

A block diagram of an end-to-end single channel
multimode optical backplane is shown in Fig (1). To
assess the performance of this system, optical field
generated from the VCSEL passed through the models of
the functional blocks in the system. The coupling losses at
VCSEL-waveguide and waveguide-receiver interfaces are
investigated in this modelling to evaluate lateral and axial
misalignment tolerance.

This paper is organized as follows. We describe the
model of VCSEL, and also topics include Gaussian beam
divergence, receiver and photo-detector's aperture that
affecting system performance. Then we explained the
modelling of multimode waveguide by using BPM
technique. Finally, we present our experimental results
and summary.

veSEL
A. Rate Equation

VCSELs are one of the most important components in
the system and it has complicated electrical, optical, and
thermal characteristics that must be taken into
consideration especially in theoretical modelling. As it
has a very small cavity of about 1 Ilm length and several
microns in lateral size, it will support typically one
longitudinal mode and several transverse modes [6]. This
spatial constitution determines other spatially dependent
characteristics, such as spatial hole burning [7]. It is
obvious that transverse mode profiles should be included
in the modelling. The small cavity is prone to self-heating
and consequently VCSEL will exhibit thermally­
dependent behaviour [8]. Detailed analysis of VCSEL's
spatial and thermal behaviour includes finite element
method [9]. However, this method will consume much
computation time and is not suitable for system level
evaluation. Laser rate equations are well suitable for
system level modelling [10]. The foundation of this
spatially dependent equations are two coupled partial
differential equations (PDEs) describing carrier and
photon distribution [11].

B. Spatial Profile

Laguerre-Gaussian (LG) modes can be used to
represent VCSEL's transverse mode distribution in a
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