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atecentral.net/webinars. —

Please use the Q&A module for questions
related to the webinar topic.
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window.
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The pAd) REVO'UtiOI’\ Das. S, et al. Annual Review of Materials Research 45, 1-27, 2015.
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Logarithmic Plot
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Exponential Growth of Computing
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More Transistors = Better Computing
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Biological Computing Von Neumann Computing

Central Processing Unit

Qutput
Device




Biological Computing — non Von Neumann

Axon Terminal

Chemical
Synapse

Dendrite

100 billion neurons (computation)

1000 synapses/neuron

100 trillion synapses (memory)
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Biomimetic Computing atural SUpEr Sensors — poc. Earth's Magnetic Field

- Vision

-
, ’
P 4
" —
/ ¥
\‘.-“" . i &
S
'v" 4 Lo

Cognitive Computi




Sound localization in complete

darkness with a precision of 1-3° Das, et al. Nature Communications, 2019

Barn Owl: Superior Audio Sensor
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AL = 2ry sin @
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ITD = —sin@ ) ) )

Vs Azimuth,  (°)

Path difference results in Neurons can fire only once in
interaural time difference (ITD) few ms

Source angle (azimuth)= 0 Neural Architecture

Head radius = ry transforms temporal coding

Sound velocity = vg into spatial coding



Das, et al. Nature Communications, 2019

Barn Owl: Superior Audio Sensor
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Barn Owl: Superior Audio Sensor Das, et al. Nature Communications, 2019

Click a sound source to start

=

¥

& &

conduction delay depends on path length of
signal to coincidence detector

left ear ——————————— signal from left H right ear
PP
O00O0O000O0O0
1 T I T I I
coincident detector % signal from right ————————

layer




Das, et al. Nature Communications, 2019

Coincidence Detector and Map
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Biomimetic Navigational Sensor Supersedes Barn Owl Das, et al. Nature Communications, 2019
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Locust: Collision Detector Jayachandran, et al. Nature Electronics 2020
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LGMD Neuron

Locust: Collision Detector Ultra-low energy
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Visual Stimulus Mimicking Approaching Object Jayachandran, et al. Nature Electronics 2020

Visual stimulus
experienced by
Visual Stimulus: the detector

Headlight of approaching the Car Collision
detector
Far from
collision
Close to
collision

At Collision




Collision Detection Jayachandran, et al. Nature Electronics 2020
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Collision Detection Jayachandran, et al. Nature Electronics 2020
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Collision Detection Jayachandran, et al. Nature Electronics 2020
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Growth and fabrication of 2D Nanodevices
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Stochastic Resonance

Constructive Role of Noise in Sensory Computation




Noise is Nuisance




Signal to Noise Ratio (SNR)

Noise is Nuisance Conventional Approach v’ Increase Signal Intensity

v" Reduce Noise Floor
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Conventional Solid-State Sensors

Not appropriate for resource
constrained IoT sensors deployed

. Hardware Intensive

| - . Bulky in remote and inaccessible
Lock in Amplifier locations with limited power
oo _© o7 o *  Energy Inefficient supply and hardware resources
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Is Noise a Nuisance ? Locate Prey Russell, et al. Nature, 1999
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Is Noise a Nuisance ? Escape from Predator

Douglass, et al. Nature 1993




Stochastic Resonance is everywhere

Jewel Beetle Human
Sensors

Paddle fish

Neurotransmitter
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Scale Stochastic Resonance at every scale Scale




What is Stochastic Resonance
White Noise

Weak Periodic Signal
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Stochastic Resonance in MoS, Photodetector Dodda, et al. Nature Communications, 2020

Experimental Set up

Transfer Characteristics
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Limit of MoS, Photodetector
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Dodda, et al. Nature Communications, 2020
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Stochastic Resonance in MoS, Photodetector
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Dodda, et al. Nature Communications, 2020
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Dodda, et al. Nature Communications, 2020

SNR and Energy Benefits Energy Expenditure : ~ 10 nJ
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The concept of SR is generic in nature and can be extended to any other sensor including
chemical, biological, thermal and radiation sensor
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Thank you for attending!

Please fill out the survey after the host ends this webinar
or click on the link in the chat window. A link to the survey

should, also, be in one of the follow-up emails to this
webinar.
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