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Photonic circuits for computing
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® Waveguide based devices @ @ © NANOFABRICATION
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® Nanofabricated in Uni cleanrooms

® Photonic CAD with Python framework

| @pd;@:@ja&d; @@d&@@a@ @@aq&”f

Photonic
circuits

Gehring, et al., OSA Contin. 2, 3091 (2019)




Re-programmable photonics

® Add active elements to passive waveguides

® Implement synapses and neuron soma with phase change materials
(PCMs)
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Re-programmable photonics

® Add active elements to passive waveguides

® Implement synapses and neuron soma with phase change materials
(PCMs)
® All-optical reconfiguration within sub-nanoseconds
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Re-programmable photonics

m Change of optical properties is directly visible
=> use reflectivity, transmission, absorption
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P. Hosseini, C D Wright & H Bhaskaran, Nature 511, 206 (2014)




PCM nanophotonic devices

m Place PCM in near-field of optical waveguide

m Data is encoded in the amount of transmitted power

- Write pulses

Read pulses



Operating principle: readout process

" Read, IN

/‘/

crystalline

~ Read, OUT
F/ead, our | o
. N
ol ... % Optical
QCO 3ot contrast
AL M ___.VY___
Time



Operating principle: write/erase process
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Change of atomic ordering
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Rios, et al., Nat. Photon 9, 725 (2015)




Artifical neuron - concept

® Operations required for matrix multiplication:

» Multiplication

. Addition } Multiply-accumulate (MAC)

Inputs —

Z f Output :

Sum Activation
function




Photonic neurons

Weights
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m Tunable weights using phase-change materials
s  WDM multiplexer to perform signal addition without interference
m Tunable ring resonator as threshold generator

Feldmann, et al., Nature 569, 208 (2019)




A small-scale ANN
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m 15 input neurons and 4 output neurons
m Each letter is pixelized into 15 digital elements
a Complementary basis to reduce number of input wavelengths



A closer look at the phontonic ANN
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Convolutional neural networks



Matrix multiplication on amplitude

IR | B

Amplitude A Transmission T Output power P

A*T =P

® Performing multiplication corresponds to:
B Set amplitude A
B Settransmission T
® measure P



More multiplications in parallel

® ... also works with more
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Ultrafast convolution processing
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Feldmann, et al., Nature 589,
52 (2021)

Frequency comb, Kippenberg group (EPFL)



Ultrafast convolution processing

PCM Matrix chip
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Ultrafast convolution processing




Digit recognition with photonic NNs
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