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A fundamental element
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Density vs Efficiency vs Cost

Energy in DataCenters (% of global power)
2014                           2016                              2020

1.6%                       >3% (420TWh)                ~23%
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Beyond the Von Neumann algebra
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Migrations and characterization
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Geometry
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Classical approach
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Semi-Classical approach

Ω1 Ω
1'

Ω 2 Ω3 Ω
3'

Ω4 Ω
4'

Ω0 Ω0'

W≡Ω1∪Ω1'

Ti≡Ω4∪Ω4'

CF≡Ω2
HfO2≡Ω3∪Ω3'

Ω
0'

θ
Z

HfO2

W Lz,W

Lr,Cell/2

Lz,HfO2

Lz,TiTi

CF

AB

z0

z2

z3

z1

∂Ω0'4'

∂Ω0'1'
∂Ω33'

Ω
0'

Ω
0'

Ω0'Ω0

∂Ω12
∂Ω23
∂Ω24

∂Ω13

∂Ω3'4'

∂Ω1'3'
∂Ω34

∂Ω01

∂Ω04

∂Ω0'4'

∂Ω0'1'

∂Ω0'3'

W
Ti

EF EF

EF-qeVQM(r)
qeVQM(r)

VQM(r)

WfW
WfTi

𝛘HfO2

ϕ(z)

Z

En
er

gy

Vacuum level
J2 J1

εr

HfO2

D(r) z0z1
z2

z3

ZOOM

0V

Surjective!

0V

Vapp

E. Moreno E. Ruiz-Reina (M.Sc. Supervisor) (CTU-UMA)Quantum thermal transport in RRAM 9/ 20



Full quantum approach
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Physics and studies

Studies
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Study I: Classical approach
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Study II: Semi-Classical approach
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Study III-1: Full quantum approach
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Study III-2: Full quantum approach
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Convergence error (n-Full quantum approach)

abs((schrp.rhoq/schrp.q-schrp.rhoq_old/schrp.q)/
(schrp.rhoq_old/schrp.q))*100

Error<6x10-5%
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Full quantum approach: MATLAB function
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Mesh quality: minimum element quality > 0.75
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RESULTs & CONCLUSIONs
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Temperature Tmax=956K
Intensity of current J z=1.21∙1011A/m2

(αT=2.54∙10-2[1/K],σCF=2.28∙105[S/m])

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.
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THANK YOU ALL

People

Infinite thanks to my very dear wife Galya for her generosity given the
time this master has stolen from her.

I want to thank my colleagues Miloslav and Lukas for their
understanding and the time they have allowed me to dedicate to this
Master.

I would also like to thank the commendable work of my doctoral
student Cristina, from the UGR in collecting data on materials.
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Thank you for your attention!
Part of this work has been published with the
DOI:10.1016/j.chaos.2022.112247 in Chaos, Solitons and Fractals.
The remaining part of the work is under peer review
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