ALMAWARE - R&D

Optical Neuromorphic
Computing

Optical neurons - optical memory - the "stone" - lenses & prisms -

3-D neuron array - FPGA logic-gate routing - a buildable AND circuit
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'0DIND [N'NN1 - The Optical Neuron
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Weighted light — photodiode sums it — threshold fires — output light. EN&HE below.

How it works

Each input is a beam of light. A photoresistor
(LDR) or thin film in front of each beam scales
it — that attenuation is the synaptic weight.
A single photodiode then adds all the
weighted beams together (currents sum
automatically), giving the weighted sum. A
simple threshold (a comparator, a transistor
knee, or a saturable absorber) decides whether
the neuron "fires" and emits its own output
light through an LED. Brightness = activation.
Stack many of these and light becomes the
wiring.
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“|[2RN" — 'ODIN |ND'T2 - Optical Memory — “the Stone”
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Phase-change (GST) — laser writes state
non-volatile optical "memristor”

Volume hologram (crystal)
stores whole weight matrices

amorphous 2 crystalline

Photochromic — color = value
“"chromatic" persistent memory

Persistent phosphor — glow decays
short-term “leaky" trace

A light-written "stone" stores the weight; a weak beam reads it back.

Memory is stored inside an optical material
— the "stone". A laser pulse writes a state
into a phase-change cell (e.g. GST) by
switching it between glassy and crystalline —
different transparency = a stored weight, read
non-destructively by a weak beam. A clear
crystal can hold volume holograms —
thousands of full weight matrices multiplexed
by angle/colour. A photochromic film stores a
value as a colour (your chromatic idea); a
persistent phosphor glows and fades — a
natural short-term memory.
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3 - Lenses & Prisms — Chromatic Weights
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Lens = free-space "wiring"

one lens fans 1-many and sums many—1

white

Prism = chromatic channels

each colour = its own weight (WDM synapses)

A lens does the all-to-all wiring; a prism splits white light into independent colour-weight channels.

A single lens images one neuron's output onto
many inputs and, in reverse, sums many beams
onto one detector — the all-to-all "wiring"
of a layer, done in mid-air with no copper.
Add a weight mask in the focal plane and the
lens computes a matrix-vector product at the
speed of light. A prism splits one white beam
into a rainbow; give each colour its own
weight cell and you get chromatic weights —
many parallel synapses sharing one path
(wavelength-division). A second prism
recombines them.
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4 - 3-D Neuron Array + FPGA Logic Gates
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3-D array of neurons (stacked layers)

The FPGA's logic gates are the programmable switch-fabric that controls every path between neurons in the 3-D volume.

Neurons are stacked in a 3-D array. The -N YW TNN-NYN 1YN2 D'TION DIN'IN
FPGA's logic gates act as a programmable NNIJIND AIN'D N¥MLND DHYID FPGA
switch matrix that decides, in real time, which NT'ND 121IND [N'1 DT'R NNN |NT2 NVINNY
neuron connects to which — so the whole 192 NDIN 9D NN WTNN LIIND TWONRY D —
volume can be re-wired without touching the NN :NYP1NTI2Y NPIDN .NNNIN2 NYAY
hardware. Clean split of labour: the memristor NKX D'P'TND NP'ODINN /NVOMNDDN
/ optical cells hold the weights, while the N'a121910n NX p'TNn FPGA-NI ,D*Ypwnn
FPGA holds the topology (the connections). %32 AXDYN NLHW NHPNN D .(DNI2'NN)
That gives complete control of the entire 3- N'12N NI'VDYD — TPN-NYNN YNN
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network rewiring itself on command.



5 - Buildable Circuit: 2 Neurons + AND
AND + D2N'ID 2 :n""129 9ayD

Two threshold neurons (one transistor each — the
transistor's 0.7 V base threshold is the firing threshold) feeding a classic diode-AND gate and a buffer
that lights the result LED only when both neurons fire.
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Q1, Q2 = threshold neurons — OUT1, OUT2. D1+D2+4.7k pull-up = AND. Q3 buffers it; LED_AND lights only when both neurons

fire.
Bill of materials n'a'>1 nn'wn Truth table nnx nba0
BC547 / 0 (rest) 0 (rest)
neurons +
Q1,Q2, Q3 2N2222 buffer _
(NPN) 1 (fires) 0 (rest) OFF
0 (rest) 1 (fires) OFF
the AND
D1, D2 1N4148 €
gate 1 (fires) 1 (fires) ON v
input
Rw x4 10 kQ .
weights Why it works: each transistor only conducts once its
summed input pushes the base past =0.7 V (the
Rc Re 1kQ collector / threshold). A fired neuron pulls its output HIGH. In the
emitter diode-AND, if either output is LOW its diode clamps the
AND node low; only when both are HIGH does the node
Pull-up 47 kQ AND node — rise and switch Q3 on, lighting LED_AND.
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