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ENERGIZE What

Energy-efficient Neuromorphic 2d Devices

And Circuits For Edge Al Computing
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ENERGIZE’s vision is to leverage the potential of wafer-scale, 2D materials-based neural networks
to develop energy-efficient neuromorphic devices and circuits for edge Al computing.
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ENERGIZE

And Circuits For Edge Al Computing

Energy-efficient Neuromorphic 2d Devices
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Why

Biological Neural Network

Machine Learning and Artificial Intelligence need new hardware - Neuromorphic Computing
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Mehonic et al., Advanced Intelligent Systems. 2, 2000085 (2020).
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Energy-efficient Neuromorphic 2d Devices
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"ENERGIZE Simulation and Modelling

Energy-efficient Neuromorphic 2d Devices

And Circuits For Edge Al Computing
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Energy-efficient Neuromorphic 2d Devices
And Circuits For Edge Al Computing

Objective:
* To develop wafer-scale growth of multilayer
2DMs, including semiconducting TMDCs,

insulating hBN, and ferroelectric a-In2Se3, for
neuromorphic devices and circuits.

Partners:

* EPFL: Devices and circuits fabrication based
on 2DM, electrical and optical
characterization

« SKKU: Wafer-scale, high-quality 2DMs

growth, qualitative and quantitative
characterization of the materials, three or

more terminal memtransistor array and its
application for neural network.
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"ENERGIZE 2D-based Devices

Energy-efficient Neuromorphic 2d Devices

And Circuits For Edge Al Computing

H A 0 2D two-terminal memristive devices
Objective: @9
Photolithography, Transfer Photolithography, Photolithography,
. . . . Metal deposition, 2D material Reactiveionetching Metal deposition,
¢ To establish reliable fabrication and Liftof Liftof

characterization processes for 2D two- \ »\ »\ »\ _‘ ’\
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Energy-efficient Neuromorphic 2d Devices
And Circuits For Edge Al Computing

Objective:

* To develop 2D two-terminal and three-
terminal arrays with reliable performance.

* Toimplement a neuromorphic system that
integrates 2DM-based neurons and synapses

Partners:

* KU: Non-volatile memory, memristor,
memristive array, reservoir array, 1D/2D
heterojunction device.

*  GIST: Neuromorphic circuits and systems
design employing memristive devices.

* SGU: Neural network compression, digital

circuit design, software-to-hardware
mapping, - -
EPFL & SKKU Q‘S
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Energy-efficient Neuromorphic 2d Devices

Highlights
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Atomistic simulations of of Point Defects and Grain Boundaries in
Resistive Switching Mechanisms of 2D Transition Metal Dichalcogenides

Grain Boundaries
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Energy-efficient Neuromorphic 2d Devices
And Circuits For Edge Al Computing
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In-house tools for mesoscopic numerical simulations (contact: agodoy@ugr.es) " % ° DEGRANADA
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Showing the working of ferroelectric-like device as memristor

J. Cuesta-Lopez et. al. J. Appl. Phys. 2024, 136 (12), 124501
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Fully multiscale simulator for Ferro-eletrics 2D-based devices
~ ~ UNIVERSITA DI PI1SA

Extract minimum C Evaluate initial state )
energy configurations
| & ( Bias sweep )
- ~N Self-consistent Poisson-NEGF
LT N H(P)
Calculate Energy (G)- | Wannierize } > V (eVV) = VP*D _ pypar _ -
Polarization () profile iconfigurations;
ANmmmmmmmmmes - — T Expected results
e
Update polarization and Hamiltonian
\ J P®) = Pt 4 (P(Ecn)
—P(k_l)) At/(At =4 T)
Y H= H(PW)
Fit G with the
|: Landau-Ginzburg model :l ¥\ / D, > .
Ips
Y
(Obtain the Electric field-Polarization proﬁle\
E T b,
‘ > P
o S
~ v L Vas

Funded by the
European Union

N Mational Research
Foundation of Korea



ENERGIZE Highlights

Energy-efficient Neuromorphic 2d Devices
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Ion Transport in lateral layered MoS2 €9

415 |V sweeps with 1 pA “current compliance” Dependence of V, ,, ON gap sizE
g 1 Viotd — 9 No forming | Forming )
::::}a"t'bw o oy 8 . 4 i Viorm=50V
SiO2 X 5 j < :
e fy |
2 ?'3 % | X
S 0.5 = |
- o2 @ | |
S > |
& 415 798 | 22 22 204
Vt’ off f 11 cye Cyc. | Cyec. Cyc. Cyc.
0 l,/ Vt on” 2. 0 i
0 1 2 1.2 2.1 4.7 5.1 5.8
As-grown MOCVD MoS, MoS, after transfer to SiO,/Si VOItage (V) Gap size (pm)
¢ Lateral Pd-MoS,-Ag/Al memristors ® Forming-free operation for gaps <2 ym

® Variation of the gap size

Jimin Lee et al., IEEE EDTM 2025 (Poster WP-19)
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12

National Research =ipe :* : *1 Funded by the
N@ Foundation of Korea \%‘!hlszU European Union




'‘ENERGIZE Highlights

Energy-efficient Neuromorphic 2d Devices

And Circuits For Edge Al Computing

Threshold Resistive Switching in hexagonal Boron Nitride (h-BN) €9

 Threshold RS with low currents in HRS
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Wafer-scale MOCVD MoS2 Memristors m
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