waveguides to analyze the coupling loss and the in-
fluence of misalignment toward the attenuation. The
achievements within the field of modeling and simu-
lation can be listed as follows:

e Models enabling the analysis of waveguides
with arbitrary cross sections and trajectories with
an arbitrary number of straight and bent segments
were developed.

¢ Atheory has been further developed and imple-
mented into simulation models, which considers the
scattering at the boundary between waveguide core
and cladding due to surface roughness caused by the
manufacturing process of the optical layer.

e The simulation models have been further de-
veloped toward the time efficient simulation of wave-
guides.

e Atool has been developed to import and export
waveguide trajectories from and to the standard PCB
layout format “Gerber” and “GDSII, ” respectively, to
support manufacturing of optical layers on an indus-
trial scale.

¢ Atool has been developed to import and export
arbitrary power spectra based on rays, e.g., the re-
sults of the PIFSO simulations from the University
of Hagen.

e A prototype CAD tool with application-relevant
capabilities and a user-friendly interface.

5. Conclusion

We have presented the three main components of the
HOLMS system (the PIFSO, the waveguides, and the
mixed signal electronics) and shown that they may be
seamlessly integrated together. The complete system
is compatible with standard electronic packages and
forms an optoelectronic MCM structure with a band-
width and flexibility beyond what an electronic con-
nection alone may achieve. Furthermore latency is
reduced particularly by the reduction in signaling
protocol overhead. Long high-speed electronic lines
are prone to high error rates and a large amount of
encoding is required to recover a usable signal. Opti-
cal signals are generally less prone to such errors and
require less encoding.

Although much more development must to be done
to provide a fully operational system; the optoelectro-
nic building blocks have all been successfully com-
pleted and connected. Alignment is still a major
issue, but laboratory level strategies to reduce the ne-
cessary effort have proved successful. Further work is
required to reduce the alignment effort further. Pro-
duction-level accuracy has not yet been achieved, but
thatis outside the scope of this project. Problems with
the thermal control and the assembly sequence have
mainly been solved, but it is still desirable to reduce
losses. The continuing improvement in the devices
themselves and in the materials used indicates that
losses will continue to fall. In particular the new geo-
metry presented in this paper allows for a consider-
able reduction in losses, and other geometries may
be more effective still.
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We have not touched on one of the most exciting as-
pects of this work in this paper: the use of this tech-
nology to enable completely new architectures, which
cannot be practically considered in purely electronic
implementations of computer systems due to the
bandwidth and latency problems. Early examples of
possible architectures may be found in Refs. [ 18,19],
for example. The HOLMS package takes such archi-
tectures out of the theoretical computer science
realm. The partners intend to make further investiga-
tions into the inherent possibilities in architecture
enabled by the HOLMS-type technology.

Appendix A

1. Details of Memory Management Unit and Memory
Controllers Unit Operation and Conflict Resolution

In the event of a conflict being detected, the memory
controller sends back a signal to all the MMU, signal-
ing this situation As the processors used in the project
cannot correctly handle the conflicts, the resolution
mechanism requires memorizing several memory ac-
cesses. The global latency of the system is about five to
six processor clock cycles. So, for example, when the
processor performs write accesses, the MMU knows
that a conflict has occurred five or six clock cycles
later. Soit has to memorize at least six processor write
accessesto be able to resume the transaction when the
conflict finished.

2. Memory Management Unit
The main MMU chips are composed of

* A heart_ MMU module composed of five main
elements:

the CPU interface,
the assembly unit,
the channel multiplexer,
the channel demultiplexer,
and the MMU disassembly.
Eight bus multipliers that receive data running
at 300 MHz and send them at 600 MHz.
¢ Eight bus dividers that receive data running at
600 MHz and send them at 300 MHz.
e A local oscillator.
A clock distribution mechanism.
Ninety-six LED drivers.
Eight bias controllers for the VCSEL drivers.
Ninety-six analog amplifiers.

3. Memory Controllers Unit
The main MCU chip is composed of

e A heart MCU module composed of three main
elements:

e the memory interface,

e the assembly unit,

e and the disassembly unit.

A bus multiplier that receives data running at
300 MHz and sends them at 600 MHz.
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