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O Why?

© Modeling the cell
@ Implementations: Physics
@ Implementations: Studies

© Results and conclusions
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A fundamental element
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Density vs Efficiency vs Cost
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Beyond the Von Neumann algebra

(4
o © ® oo

K*channel @

Soma

Axon hillock

/

Dendrites Ranvier ® N
b
¢ E
31 —o— Force V .
Force / |
i
i+
< T
£ 2] /i
= I
5] /1
= S [ (N N N Ay S S S [ M —
1$]
14

00 02 04 06 08 1.0
Voltage (V)

E. Moreno E. Ruiz-Reina Quantum thermal transport in RRAM



Migrations and characterization
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Geometry

Something in Common

] ]
HfO Metallic filament Lightning S$iOx ReRAM filament Actual .Si0x ﬁ.la.ment reconstructed
RRAM/ReRAM Oxygen vacancy conduction from slice by slice AFM conductance

analysis at UCL

Slice-by-slice Atomic Force Microscope (AFM) analysis of
ReRAM/RRAM filaments suggest that like lightning there are
many possible conduction path options before one becomes

dominant.
©Neale 2016
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Classical approach
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Semi-Classical approach
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Full quantum approach
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Physics and studies
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udy I: Classical approach
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udy Il: Semi-Classical approach
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Study IlI-1: Full quantum approach
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Study I11-2: Full quantum approach
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Convergence error (n-Full quantum approach)

Compare n with previous iteration
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Full quantum approach: MATLAB function
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SULTs & CONCLUSIONSs

There are important differences in temperatures

In a nano-sized device, we should not expect high accuracy from a classical
descriptor.

Simulations allow characterization

Fundamental parameters of a RRAM memory filament can be obtained
from the combination of experimental data and simulation results.

T il — e
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Part of this work has been published with the
DOI:10.1016/j.chaos.2022.112247 in Chaos, Solitons and Fractals.
cremaining part of the work is under peer review

E. Moreno E. Ruiz-Reina Quantum thermal transport in RRAM



	Why? 
	Modeling the cell
	Implementations: Physics 
	Implementations: Studies

	Results and conclusions
	Thanks!

