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An architectural paradigm shift

Processing unit & Conventional memory
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Sebastian et al., Tutorial: Brain-inspired computing
using phase-change memory devices, 2018
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Processing unit & Computational memory

Memory
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Operations in neural networks

Processing unit & Conventional memory
Memory A := f(A) Processing unit
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Processing unit & Computational memory Guo et al., A Survey of FPGA-Based Neural
Memory A= f(A) Processing unit Network Inference Accelerator, 2018
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Sebastian A. et al., Tutorial: Brain-inspired computing (MAC)
using phase-change memory devices, 2018
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MAC crossbars in memory

coupling waveguides
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Sebastian et al., Computational phase-change Brickerhoff-Plickelmann, et al., Chalcogenide phase-
memory: beyond von Neumann computing, 2019 change devices for neuromorphic photonic computing, 2022
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Phase-change materials in optics (0PCM)
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PCM patch

— —
Imw 0.86mW
T =86%

& State 1
)
3
. &
Light N .
. 0 2 4 -

%'\\\ > oo >

Imw 0.87TmW
/—\A * ° e
o ? o9 State 10
]
e  * TSR
. \_/ i A q;‘j‘ﬂi o "

Crystalline Amorphous > \* qﬁ. e ;‘ >

1MW +3d. %0 2 3ed 0.93mW

@J/ Institut des Nanotechnologies de Lyon UMR CNRS 5270 | Raphael Cardoso, ASP-DAC, 2024




Changing between states
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PCM patch
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Photonic computing cells

Baseline
input Ao
input B
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J. Feldmann, et al., Parallel convolutional processing using
an integrated photonic tensor core, 2021

Stochastic-oPCM
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R. Cardoso, et al., Towards a Robust Multiply-Accumulate
Cell in Photonics using Phase-Change Materials, 2023
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Baseline circuit

out = Pin % Tpcm
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J. Feldmann, et al., Parallel convolutional processing using
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On-chip
matrix multiplication

an integrated photonic tensor core, 2021
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Stochastic-oPCM convolution circuit
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R. Cardoso, et al., Photonic Convolution Engine Based on Phase-

Change Materials and Stochastic Computing, 2023
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Only positive operands are supported
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Applications of Mixed-Polarity operation

« Mixed polarity:
aXb
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Filter-based image processing Deep learning *
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Extension of baseline circuit

input B
input A
~
P+

—+
5 out = Pin X Tpom
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input B

Needs two PCMs to
deal with sign

Out’, Out’; Out’, Out,

F. Briickerhoff-Plickelmann, et al., Broadband photonic tensor core
with integrated ultra-low crosstalk wavelength multiplexers, 2022
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Our contributions

1. Development of a Stochastic Computing formalism to
Mixed-Polarity inputs

2. Development of a mixed-polarity photonic cell and
circuit with PCM

3. Conservative comparison between methods with
respect to noise
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Stochastic computing

Unipolar
6/8
1110101 1 3/8=24/64
01001001

0101100 1
4/8 J

« Digital 0 encoded to +0,
digital 1 encoded to +1

« Multiplication done by AND

A. Alaghi, et al., Survey of stochastic computing, 2013

Bipolar
-4/4
00000000\ -1/4=-4/16
) 00100110
1101100 1
1/4 /

 Digital 0 encoded to -1,
digital 1 encoded to +1

« Multiplication done by XNOR

In both cases, the result is
recovered by a counter at the output
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Mixed-polarity in stochastic computing

Unipolar Bipolar
6/8 -4/4
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Mixed-polarity
4/8 (unipolar)
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00001001 | 7?7 [——-8/32
-2/4 (bipolar)
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Mixed-polarity in stochastic computing

Mixed-polarity

Xa-Xb COUNTER 2 Xa-Xb

Xb D— £
. OUT
a
LDM COUNTER y
D £ > Xa-Xb

e Qutput is not stochastic
« Uses only AND and counters

* Proof of validity provided
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Photonic mixed-polarity cell

Mixed-polarity
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Photonic mixed-polarity circuit
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A visualizable convolution application
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Introducing SPECS: Scalable Photonic Event-driven Circuit
Simulator

’V 8 agile-wetland
Clément Zrounba!'), Raphael Cardoso'"), Mauricio Gomes de Queiroz!!, Paul Jimenez("),
Mohab Abdalla’2, Alberto Bosio!", Sébastien Le Beux'®, Fabio Pavanello'", lan O’Connor("
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A visualizable convolution application
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Edge detection filter

* Input: 28x28 grayscale images
 Application: edge detection with Sobel filters

* Quantization: 6 bits
* Output bandwidth: 1 GHz

|deal operation

-

Sb23
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Filter in photonics

Ideal

Proposed Method

»

—
1
1
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Baseline Method
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Noise dependency

— Proposed Method
Baseline Method

(8]
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PSNR (dB)
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at

more noise
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Equivalent frequency of noise filter (Hz)

* Noise is a function of the filter in the output
(bandwidth)

« Speed is limited by noise in the baseline
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Conclusions and perspectives

« Confirmed noise robustness of the stochastic computing
cell in photonics

« Speed in our case limited by the time between
amorphization events in a PCM (~1ns/event)

» Challenges:
- Limited endurance of the PCMs
- Natural randomness in PCM phase dynamics
- Testing a fabricated stochastic-oPCM cell (taped out!)
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