E 2% USC University of

',z Southern California

USC Viterbi Ming Hsieh Department

School of Engineering Of E]-ecmcal Englneerlng

Dendritic Computation and Plasticity

in Neuromorphic Circuits

Chih-Chieh Hsu and Alice C. Parker
BioRC group, Ming Hsieh Department of Electrical Engineering, University of Southern California

Motivation & Introduction

synhapse
« Pyramidal neurons are principle neurons in the cortex where information ) dendrites 1. y/ p
processing, learning, and memory formation taking place in the brain R T
* They have unique dendritic structure that contributes to complex Apical <\ WA .
computations R ey W ]
* ltis essential to include these complex intra-neuron computations in RERTER N oa
neuromorphic circuits to mimic neural signaling, learning and memory g
formation Oblique Dendritic Arbor
 These computations include non-linear integration, spiking mechanism Radial
and plasticity ~
» Dendritic spikes are results of spatio-temporal clustered input B soma
activation A Node of Ranvier
« Dendritic spikes and action potentials can reset the dendritic Prosimai] \
excitability locally and globally respectively _ — ¢l¢ R
axon hillock |\ axon /

Neuron Module Setup

« Each neuron module has circuit components: synapses,
dendritic branches, soma, and axon hillock *

« Circuit designed using CNFET (carbon nanotube field-effect ° ﬂ ﬂ Dendritic Potential
transistor) SPICE model ° “ Q M n “

« Two-layer active dendritic arbor constructed: o

1. Super-linear integration within branch (spiking mechanism)

2. Non-linear location-dependent among branches (at soma)
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* It requires both spatially- and temporally-clustered inputs in
our prototype dendritic branch to initiate spikes
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