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TECHNOLOGICAL REVOLUTION TIMELINE



BIG DATA AND PATTERN RECOGNITION



BIG DATA AND PATTERN RECOGNITION

INTERNET OF THINGS





VON NEUMANN BOTTLENECK

MOST ENERGY/TIME CONSUMING PROCESS



VON NEUMANN BOTTLENECK

MOST ENERGY/TIME CONSUMING PROCESS

100 m



NEUROMORPHIC COMPUTING



BEYOND VON NEUMANN
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HOW?
(MOLECULAR) MEMRISTORS



MEMRISTIVITY MECHANISMS
Solid-State 

Molecular 
Yang et al. Nat. Comm. 2019 Grollier et al. Nature. 2017



CISS EFFECT
CISS EFFECT + PARAMAGNETIC ION =  

MAGNETORESISTANCE?

~2nm

LnLBTC



SAMS ASSEMBLY

(a-d)	Atomic	force	microscopy	images	of	a	Ni@Au	
	surfaces	incubated	overnight	in	buffer	solu=on	

Torres-Cavanillas, R. et al. preprint:arXiv:1905.09225v1, 2019, Submitted.

Coverage >90%

https://arxiv.org/abs/1905.09225v1


ELECTROCHEMISTRY

Obtained Spin Polarization 

(TbLBTC)SP ~5%

Torres-Cavanillas, R. et al. preprint:arXiv:1905.09225v1, 2019, Submitted.

https://arxiv.org/abs/1905.09225v1


EGAIN SPIN POLARIZATION
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a) b) c) d)

Obtained Spin Polarization 

(TbLBTC)SP ~70%

EGaIn

C18 ALA8 YLBTC TbLBTC



TRANSPORT PROPERTIES



TRANSPORT PROPERTIES



CAN THIS BE RELATED WITH 
MEMRISTIVE BEHAVIOR?

Slow pulsed 
measurements

Fast pulsed 
measurements

Torres-Cavanillas, R. et al. preprint:arXiv:1905.09225v1, 2019, Submitted.

Think about time scales!

https://arxiv.org/abs/1905.09225v1


CAN THIS BE RELATED WITH 
MEMRISTIVE BEHAVIOR?

Slow pulsed 
measurements

Fast pulsed 
measurements

Spin is oriented by current  
with time enough to follow AC 

Torres-Cavanillas, R. et al. preprint:arXiv:1905.09225v1, 2019, Submitted.

Think about time scales!

https://arxiv.org/abs/1905.09225v1
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CAN THIS BE RELATED WITH 
MEMRISTIVE BEHAVIOR?

Slow pulsed 
measurements

Fast pulsed 
measurements

Spin is oriented by current  
but the measurement time is faster 

than the spin inversion

Torres-Cavanillas, R. et al. preprint:arXiv:1905.09225v1, 2019, Submitted.

Think about time scales!

https://arxiv.org/abs/1905.09225v1


CAN THIS BE RELATED WITH 
MEMRISTIVE BEHAVIOR?

Slow pulsed 
measurements

Fast pulsed 
measurements

Spin is oriented by current  
but the measurement time is faster 

than the spin inversion

Intensity would depend 
on previous voltage history

Torres-Cavanillas, R. et al. preprint:arXiv:1905.09225v1, 2019, Submitted.

Think about time scales!

https://arxiv.org/abs/1905.09225v1


TAKE HOME MESSAGE
Spin-dependent transport calculations confirmed 
an interaction between the magnetic polarizations 
of the current and the lanthanide ion.

Since the sign of the magnetic polarization affects 
the total resistance, the conductance of the device 
effectively depends on the applied voltage 
history.

Next step: Performing elaborate measurements to 
confirm memristive behavior in our Ln-
biomolecule.
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