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Challenges in Optical Neural Network

Source： HOT Chips 2020
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Our Strategy
1. Targeting QAM symbol identification tasks.

 Help eliminating access to weight memory.

2. Exploiting energy efficient O-E-O conversion for
non-linear function.

3. Incorporating AD-conversion functionality into
neural network.
 Help replacing multi-bit ADC with 1-bit ADC.
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Targeting QAM Classification Tasks
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1. Targeting QAM symbol identification tasks.
 Help eliminating access to weight memory.

2. Exploiting energy efficient O-E-O conversion for
non-linear function.

3. Incorporating AD-conversion functionality into
neural network.
 Help replacing multi-bit ADC with 1-bit ADC.
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My talk in MPSoC 2025

Signal distortion in 
16-QAM format

ML-assisted classification 
for distorted constellation
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Targeting QAM Classification Task
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• Simple but non-trivial classification task.
 Model size is much smaller than LLM.
 Need several tens of GHz operation.

• Typical DSP task
• Causes a large energy 

consumption

16-class classification problem
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Exploiting Energy Efficient O-E-O
1. Targeting QAM symbol identification tasks.

 Help eliminating access to weight memory.

2. Exploiting energy efficient O-E-O conversion for 
non-linear function.

3. Incorporating AD-conversion functionality into 
neural network.
 Help replacing multi-bit ADC with 1-bit ADC.
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Energy Efficient O-E-O Conversion
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K. Nozaki, et al. “Femtofarad optoelectronic integration demonstrating energy-saving 
signal conversion and nonlinear functions,” Nature Photonics 13, 454–459 (2019). 
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Non-Linear Function with O-E-O
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Incorporating ADC into NN
1. Targeting QAM symbol identification tasks.

 Help eliminating access to weight memory.

2. Exploiting energy efficient O-E-O conversion for 
non-linear function.

3. Incorporating AD-conversion functionality into 
neural network.
 Help replacing multi-bit ADC with 1-bit ADC.
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Incorporating ADC into NN
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ADC-less Optical Neural Network
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Verilog-SPICE Co-Simulation

CMOS Logic SPICE netlist

Modulator Verilog-AMS

Photodiode
SPICE netlist

CMOS amp.

• Cadence Xcelium framework
 Verilog-AMS, Spectre-SPICE, PSpice
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3-Layer Neural Network Classification

Typical 16-class 
NN-based classifier 
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Non-Distorted Symbol Classification

Typical 16-class 
NN-based classifier 
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Conclusions
• QAM symbol classification task has shown to be a

very good application for optical neural networks.
 NN model size can be small that helps eliminating access to

weight memory.

• Neural network architecture exploiting energy efficient
O-E-O conversion for non-linear function is shown.
 Help implementing energy-efficient non-linear functions.

• Neural network architecture incorporating AD-
conversion functionality into neural networks is shown.
 Help replacing multi-bit ADC with 1-bit ADC.

 Lead to a reduction of energy consumption of ADC.
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Thank you very much!


