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Challenges behind Designing Analog RRAM

* Increase the number of achievable conductances/synaptic weights
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Challenges behind Designing Analog RRAM

® Increase the number of achievable conductances/synaptic weights

® |Linearize the transitions between these conductances/weights
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Challenges behind Designing Analog RRAM

® Increase the number of achievable conductances/synaptic weights

* |inearize the transitions between these conductances/weights
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Switching Mechanisms for Intermediate States
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—> Investigate the ionic kinetics and electronic current
flow behind analog device behaviour with ab-initio
and atomistic simulations
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—> Investigate the ionic kinetics and electronic current
flow behind analog device behaviour with ab-initio
and atomistic simulations

— Provide insight towards device design
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Finite Element
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Simulation approach

Kinetic Monte Carlo Finite Element  Kinetic Monte Carlo  Molecular Dynamics
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Simulation approach

Kinetic Monte Carlo

Density Functional Theory
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Simulation approach

Quantum Transport

Kinetic Monte Carlo

Electronic current
selected current magnitude)
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Gradual Conductance Decreases
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Gradual Conductance Decreases
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Gradual Conductance Decreases
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Gradual Conductance Decreases
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Gradual Conductance Increases
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Current flow through HfOx
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Current flow through HfOx

Non-Filamentary Filamentary
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Current flow through HfOx

Non-Filamentary Filamentary
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* The magnitude of current is increased in the presence of filamentary vacancy clusters
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Current flow through HfOx

Non-Filamentary Filamentary
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e Current flows through Hf atoms
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Oxygen coordination
is affected by...

e Underlying atomic
connectivity

* Presence of Oxygen
vacancy defects
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Outlook: Methods to improve analog operation

Chemical/compositional

* Adding dopants/nucleation sites
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Outlook: Methods to improve analog operation

Chemical/compositional

e Adding dopants/nucleation sites

e Engineered bilayers with interface-
type switching
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Thermal

* Thermal Enhancement Layers
e Optical pulses

e Operating at higher temperatures
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Outlook: Thermal engineering

Increasing electroforming temperature at fixed Vrorm = 6.0 V
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Mechanisms of Current Flow: Tunneling

Contact

T(E) = exp( — IIm(k(E Ydx) — T(E)= exp(—%lﬁdx)
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Mechanisms of Current Flow: Tunneling
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