INSTITUT DES MATERIAUX JEAN ROUXEL
IMN UMR CNRS 6502 - Université de Nantes

UNIVERSITE DE NANTES

& A

<y B umm [

Resistive switching in Mott insulators:
from phenomenology to Mott memories

J. Tranchant, E. Janod, B. Corraze, M.P. Besland, P. Stoliar, L. Cario
Institut des Materiaux Jean Rouxel, Nantes (France)

December 3rd 2014

Nanotek 2014 conference IMN

San Francisco, USA NSTITUT. B MATHRALIX

JEAN ROUXEL



What after Flash Memories ?
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Flash memories : fantastic advances...
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Some candidates to succeed Flash memories
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The Mott Insulator compounds AM,Q,
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Bandwidth and filling control

Insulator to Metal Transition

Pressure

Temperature (K) tance

nsulator

\

Temperature

Doping x

tance

Insulator

Supercond> \
Pressure (GPa) | Metal__—

0 6

_

Temperature

Exotic properties at the (Mott) insulator to metal transition



Resistive switching in AM,Q,
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Electric field triggered electronic transition
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Volatile resistive switching in AM,Q,
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Modeling of the resistive switching:

a simple assumption
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Local voltage drop destabilises the insulating cells



Time evolution of the resistor network

V>V, . e _ | I




Modeling of the resistive switching
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From volatile to non-volatile resistive switching
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Control of SET and RESET transitions

SET = Field assisted creation of large filaments
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SET and RESET transitions

RESET = purely thermal
effect
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Towards multilevel switching and memristive behavior



GaV,S, thin films deposition
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Electrical performances of GaV4S8 for Mott memories
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Conclusion

Resistive Switching in the AM,Q; Mott Insulators
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AM,Q; Mott insulators

1 electron per site, band theory :

- metal!

Electronic confinement = coulombian repulsion : Solid :
>

U = coulombian repulsion
between electrons

> insulator W<U
t t
I I
Gap ~ 0.20 eV
20 AM,Qg = narrow gap Mott for AM,Q,

PddAS HIAEOVS\m. Chem. Soc. 127, 8732 (2005)



AM,Qg Mott insulators
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Bandwidth control MIT in the AM,Q,
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Context : Mott insulators and Insulator to Metal Transition

Metal Correlated Mott insulator
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Context : universal phase diagram of Mott insulators
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T-induced MIT (VO,, NbO,, Ca,RuO,,..):

pure Mott physics ?
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Non linear phenomena in the AM,Qg : comparison

with existing models
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Modeling of the resistive switching :
implementation of a resistor network
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Non-volatile resistive switching :
Chemical or structural changes ?
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2 contacts measurements
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Two resistances model
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Microelectronic Engineering, 85, 2430 (2008)




Two resistances model : a filamentary conduction
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Pulse Experiments Simulation
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Electric pulse driven superconductivity ?
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Volatile Resistive Switching = local Mott transition

v' The phenomenology is general to all Mott insulators !
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Non-volatile resistive switching :

electronic phase separation

[ / | V. Dubost, F. Debrontrider,
STM StUdy Of GaTa4se8 \ | T. Cren, D. Roditchev

Institut des NanoSciences de Pans
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Pulse application through the STM tip:

large electro-mechanical coupling
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Electronic phase separation :
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Insulator metal transition at the nanoscale !
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Pulse application through the STM tip:

writing and erasing at the nanoscale

Successive spectroscopic Voltage ramps 600 mV

Electronic writing
with electric pulses
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X

V. Dubost et al.
Nanoletters 13, 3648 (2013).

Reversible insulator metal transition at the nanoscale !




Compression or expansion of domains

under electric field
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Towards a model of the

non-volatile resistive switching in the AM,Q,

Corraze et al., Eur. Phys. J. Spec. Top. 222, 1046 (2013).
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A local Mott transition with volume contraction
creates both metallic and superinsulating domains



Towards a model of the

non-volatile resistive switching in the AM,Q,
Corraze et al., Eur. Phys. J. Spec. Top. 222, 1046 (2013).
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Metal/Insulator/Metal (MIM) Structure
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Fabrication of a Mott memory device

.. [P 6x6 crossbar array GaV,S, device
Plateforme —> Cell sizes from 100 nm to 1 um for scaling
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