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human brains 
• recurrent connections
• information is stored in network
• training by creating new and tuning 

existing synapses
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neural network
• layer-by-layer signal processing

• training by tuning synapses
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Neurons 
• connected by weighted connections  Synapses

• activation is derived from evaluating activation 
function for a weighted sum of inputs

Felix Hermann eli@zurich.ibm.com
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𝜎 = non-linear function

t = threshold

Neural network
• layer-by-layer signal processing

• training by tuning synapses

Information flow
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Cat

Dog

Tasks for Neural Networks

recognize: 
• images from a camera, 
• language from microphone or 
• patterns in data set

• detect features by e.g., convolution
 requires massive computing power 
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Information flow
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What is a Convolution in Image Processing?
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defined filter-kernel unknown image
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• convolution detects features, which allows for 
interpretation further processing 

What is a Convolution in Image Processing?
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Convolution in Neural Networks
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convolution 
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Convolution in Neural Networks
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Convolution Optical Processor
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Waveguide

balanced Mach Zehnder Interferometer

imbalanced Mach Zehnder Interferometer



Layout and Setup
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delay line

short line

Multiplier
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Layout and setup

19-Apr-22 Felix Hermann eli@zurich.ibm.com 15

delay line

short path

Tunable coupler
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proof of principle results: Sobel filter 

• 2-element kernel: 

vertical 

horizontal 
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proof of principle results: Sobel filter

• 3-element kernel: 
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proof of principle results: Sobel filter 

• 4-element kernel: 
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Benchmarking
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signal processing

kernel implementation

read out

signal 
modulation

lightsource
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Benchmarking

# Convolution Stages

= most efficient device 

# Convolution Stages

commercial  Si platform + BTO in-house Si platform + BTO        

25 stage - devices with up to 6TOps/W are possible with today’s available technology!

⋅⋅0dB⋅⋅ power margin 
at receiver   

= 

low latency, high speed, fast kernel implementation
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Thank you and let’s discuss!

• device concept
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• convolutions for NNs

• proof of principle • benchmark

6TOps/s


