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Modified Hopfield Neural Network

Modified Hopfield Neural Network Interconnection

Neural Network Crossbar Switch Controller

The Assignment Problem The key to utilising the parallelism of a neural
Hopfield network network is matching the network as closely as
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Neural networks are capable of solving the assignment problem. Their
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Using DSPs as neurons gives increased flexibility over any
hardwired implementation allowing exploration of network

Neural response, network configuration and fault tolerance. The VCSEL (Vertical Cavity Z 2 Interconnect

-y Circuitry Surface Emitting Laser) is
The Diffractive Optic Element (DOE) (4xSlave)  The master DSP oversees the DSP neural network and ccl:nsiderablyll ;agter sz Ian

performs interconnection by diffracting Iighﬁo target detectors.  can be used to log its progress or check for convergence. turn on delay of just 1.6ns.
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Smart-Pixels

Diffractive Optic Element (DOE) for Hopfield Neural Network Solder-bumps facilitate the
combination of conventional
Si-based electronics with
optoelectronic components
using a process called flip-chip
bonding. This hybrid technology
allows processing planes of
arbitrary functional complexity

The neural network requires a DOE Pattern Phase-only DOEs are created by selectively etching fused silica to
highly uniform pattern only Y g form phase profiles which have been optimised to produce the
attainable by using a low- - desired intensity patterns in the far-field of a Fourier lens. Elements
efficiency binary element. | with efficiencies of >70% and non-uniformities of <3% are routinely
Additionally the large period of : produced by the Diffractive Optics Group at Heriot-Watt University.
the detector array forces the < These elements are used as array generators and interconnection
DOE to have a small (~80um) . elements as well as more L
period limiting the number of ' : complex beam shaping elements  DOE Fabrication Process to be created.
pixels available to optimise the : ' for laser material processing. UV lllumination Binary Amplitude Mask ——

l Photoresist (PMMA) ready for flip-

grating.
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Why Use Free-Space Optics? Future Directions Another alternative is to attempt OBAM Layout wiror2
implementation of an Optoelectronic

Neural network§ US_e si_mple.processing elements Using ‘FIip-Chip’ bonding it would be possible to Bidirectional Associative Memory (OBAM)_ Mirror 1 , - Detector
where communication is an integral part of their integrate both VCSEL and Detector arrays. - Array

design. Electronics has difficulty implementing This would ultimately allow the creation of a BAM Fan-out
scalable non-local interconnects whereas light is Folded System.
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