E—
SPIKING NEURAL NETWORKS

WITH EXCITATORY AND
INHIBITORY CONNECTIONS
AND BEYOND

Zheng Wang, Asif Islam Khan
Georgia Institute of Technology

asif. khan@ece.gatech.edu L

I= ===
ACrossT

/ . . .
| Applications and Systems Driven Center for
ﬁ Energy-Efficient Integrated Nanotechnologies |
This work was supported in part by the Semiconductor Research Corporation (SRC) and DARP,

JUMP



I—
Technology Roadmap for SNN
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Spiking Neural Network: The Role of Inhibition
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BEE=Ferroelectric Neuron with excitatory and
inhibitory connection
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= What Device Features enables
the Neuron and Inhibition Functionality?
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= What Device Features enable
Neuron and Inhibition Functionality?
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="M Ferroelectric Spiking Neuron:
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=
= Ferroelectric Spiking Neuron of Inhlbltlon
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The neuron is inhibited when inhibitory pulses arrive.
(This is experimental data.)
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e Demonstration of A Ferroelectric Spiking Neuron
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e Demonstration of Inhibition
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erroelectric SNN for Unsupervised Clustering
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Benchmarking

[5] [6] [7] Current work
Technology CMOS Analog, Mixed Signal Emerging Technology
Multiply-
Neuron Type LIF Accumulate LIF LIF
Network Type Spiking Non-spiking Spiking Spiking
Data Encoding : - . Multi-level - . _y
Architecture Spike Timing verceptron Spiking Rate Spike Timing
Input Type Excitatory Excitatory Excitatory Excit. & Inhib.
Device Count 15T 64 T 1T - 1 VO, 1T - 1 FEFET
Synapse Weight| Pos. & Neg. Pos. & Neg. Pos. & Neg. Pos.
Tralpl_ng & Unsupervised Reinforcement Supervised Unsupervised
Classification
Power 10 nW 125 nW Not reported 3.6 nW

[5] G. Indiveri. Proc. ISCAS 2003, 4, IV-IV. [6] A. Amravati et al. Proc. ISSCC

2018. [7] M. Jerry et al. Proc. 2017 Symp. on VLSI Tech., pp. T186-T187
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Em==geyond SNNs: Continuous Time Dynamical
Systems-Coupled Oscillators

A Physics Example:

A Biological Example: Pri Visual
Coupled Pendulums I010gICal EXample riomary visua Cortex
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forcing input https://www.uni-potsdam.de/cosmos-itn/wp-
content/uploads/2018/06/Aberdeen Lectures M

ontbriol.pdf

(More to come Arijit Raychowdhury’)
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PEEE==="Continuous Time Dynamical Systems
With Emerging Devices

Metal->Insulator Transition Spintronic Ferroelectric
Material based Oscillators Oscillators Oscillators
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EE==="Coupled FE Oscillators: Synchronized
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“Stable” orbits—i.e., synchronized—when Vgy; and Vg, are close.
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/C/—oupled FE Oscillators: Unsynchronized
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