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Electronics is everywhere

Hard to imagine a world without it



Exponential growth

https://www.britannica.com/technology/ENI
AC

ENIAC

50x30 
feet room

https://www.bbc.com/news/techno
logy-34922561

3.75 MB 
HDD

in 1956

1TB Solid State drive

John Bardeen, Walter 
Brattain, William Shockley

Nobel - 1965

Jack Kilby and Robert 
Noyce 

Nobel  - 2000

Quad processor @ 1.2 
GHz

Perfect formula for economic growth !!!



There is no free lunch !!

Power density is the limiting factor



Where does the energy goes ?

John von Neumann

Processing and memory unit are 
physically separated

Processing 
Unit

Memory 
Unit

von neumann 
bottleneck

Inspiration is right here !!

Limiting 
factor

Ziyu Lv, et. al.,Chemical Reviews 2020



The most power efficient machine

~ 20 W

G. J. Siegel, et. al. 
Lippincott-Raven, 1999

Roy, K., et. al., Nature, 2019

1011 neurons

1015 synapses

Need electronic equivalent of biological 
synaps

neuromorphic 
computing

non von Neumann architecture



Memristor - an entelechy

Strukov, D., et al. Nature 2008

Waser, Rainer, et al., 
Advanced materials 
2009.

Ismail, M.et al. 
Nanoscale Res Lett, 
2022

Ongoing hunt for optimum materials



2D Materials - paradigm shifting discovery

Lemme, M.C., et al. Nat Commun, 
2022

Fundamental challenges remains - 

● Large scale fabrication
● Endurance
● Retention time
● Which material and mechanism

Huh, Woong,et. al., Advanced Materials, 2020.

Computational methods to guide experimental results and 
optimize performance



Memristor Fabrication at University of Granada

Laser Induced Graphene

Polyamide

Low Cost Process
Flexible Substrate



Memristor Fabrication at University of Granada

Volatile Memristors
Lateral Memristors

Non-Volatile Memristors
Vertical Memristors

Repeatable Resistive State

R. Motos  et. al., 
DRC, 2023 
(submitted)

M. Fernandez.  et. 
al., CDE, 2023 
(submitted)



Ab initio simulations

Synopsys, QATK

Using Density Functional 
Theory



Ab initio simulations

Thermodynamically stable defect - 
types and position



Transport study using NEGF + DFT

EF



Numerical Simulation

Self-consistent Simulation



Numerical Simulation

https://docs.google.com/file/d/1rvL4-OSFGWaRvhYZo4J8OI8BwM-hHo29/preview


Numerical Simulation

J. Cuesta-Lopez  et. 
al., CDE , 2023 
(submitted)



Compact Model / SPICE Model

Development of In-house Compact 
Model

Continuous and cross-compatible
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