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The human brain is a super efficient computer

Human brain Neural network

Brain-like
computing .

; —=> Nanofluidic

Synapse memristors

Brain
inspired
lons are information carriers

Nanofluidic

ch;:'r‘\els m’&m.maém =2 transistors

Hou et al, J. Phys. Chem. Lett. 14 (2023) 2891-2900
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Nanopore membranes

Fabrication K== 1L Experimental setup

GSI Helmholtzzentrum fiir
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Nonlinear dynamics

\/

Steady-state I — V curve
For a “slow enough” signal

Nanofluidic diode
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Ramirez et al, J. Phys. Chem. Lett. 14 (2023) 10930
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Neuromorphic properties
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Ramirez et al, J. Phys. Chem. Lett. 14 (2023) 10930
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Electrochemical tunning

E

lectrical tunning
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Cervera et al, Phys. Fluids. Lett. 36 (2024) 047129

Chemical tunning

Salt concentration

60 T ] T ! 1
200 mM
50 .
KCl
40 f =10 Hz

ITuA

Negative pore
(neutral pH)

VIV

40

30

20

10

0

-10

c=100mM§
f=10 Hz
Ww=2V

Salttype

KCl

NaCl |
Lict

VIV
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Ramirez et al, J. Phys. Chem. Lett. 14 (2023) 10930
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Theoretical model
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[ — V curves
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Cervera et al, Phys. Fluids. Lett. 36 (2024) 047129

Viv

Neuromorphic
properties

100 mM KCI

5 10 15 20 25
/(2 ms)

Portillo et al, Phys. Rev. E 110 (2024) 065101

Memory dynamics can be reproduced
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Negative Differential Resistance (

forward polarization

tip solution

>0 base solution
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Ca®* R e 103
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Ramirez et al, J. Chem. Phys. 162 (2025) 194707
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Ramirez et al, J. Chem. Phys. 162 (2025) 194707

Can be also modeled
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Rich nonlinear dynamics
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Nanopore membranes exhibit:
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RC scheme Vol. I: single nanopore

Binary image recognition
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Portillo et al, Nano Lett. 25 (2025) 9928-9934
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RC scheme Vol. Il: heterogeneous array
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Portillo et al, Neuromorph. Comp. Eng. 6 (2026) 014013
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Importance of nonlinearity
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RC scheme Vol. lll: NDR reservoir
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Alphabet letters
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Autonomous forecasting
of chaotic time series
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Conclusions

Track-etched nanopore membranes exhibit robust nonlinearity and
history dependent behavior.

Memristive properties are electrochemically tunned.
NDR phenomena is also observed due to salt precipitation.

Nanopore membranes dynamics enable the implementation of RC
schemes.

Nonlinearity and variability needed for good network performance.
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Impedance spectroscopy
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Impedance spectroscopy
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Learning phenomena
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NDR for RC
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Descripcion teorica del sistema

Transporte ionico a través de un nanoporo conico con
cargas negativas en su superficie al aplicar una senal de

voltaje dependiente del tiempo V (t) Ecuaciones de Nernst-Planck:
]i = —DiVCi + DiZiCi(F/RT)E

® — Transporte por Transporte por
difusion electromigracion
= Nanoporo con alta selectividad ionica: solo
contribucidon de los contraiones Adpgz;(ilcrjr;zccljoenf;ju?ola L [ J. = D;z;c,(F/RT)E ]
= Electromigracion domina sobre la difusion l

- Campo eléctrico axial
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Descripcion teorica del sistema

Sistema asimétrico: dos relajaciones diferentes paraVy > 0y V<o
Voltaje constante

., U T R
Vs Se cumple la ecuacion de continuidad: = T ax
VO >0 VO <0

[X+~ F VO/LJ

X. F _ V,/L
Teo RT 0T

~ D
[T_O RT 7L

Concentracion de carga fija en la base

-

—)

Concentracion de carga fija en la punta

X, =20/Fa, X_=20/Fa_
(' Dos tiempos de relajacion distintos: 7oy T—g ]
= T+0/T—O~ Cl_/a+~10—100
L- Introducen la asimetria del sistema en el J
modelo
Relajacion de la conductancia:

VaV(E) — T T () e —dED) - dG:(t) Gt —Gf
= jo 7T coFV(6)/(RT) ’ A /

dt Tj (t)

Sergio Portillo — Caracterizacion experimental y modelizacién de un memristor nanofluidico 12/21



	Slide 1: Nonlinear dynamics and memory effects in nanofluidic memristors 
	Slide 2: Brain-like computing
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19: Conclusions
	Slide 20: ¡Thank you!
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26


  CO  O −


  I − V


  f   ~ 10


  I − V


   V  th


  0 . 07


   V  DC = − 0 . 5   V


   V  DC = 0 . 5   V


   J i =


   D i  z i  c i  (   F /  R T ) E


  V ( t )


          J i → = −  D i  ∇ →  c i +  D i  z i  c i (  F /  R T )  E →


  V ( t )


   V 0 > 0


     X +   𝜏  + 0 ≈  F  R T   D c 0      V 0 / L L


   V 0 < 0


     X −   𝜏  − 0 ≈  F  R T   D c 0      V 0 / L L


   X − = 2 𝜎 / F  a −


   X + = 2 𝜎 / F  a +


  V = V  ( t )


     𝜏  j 0 → 𝜏 j  ( t ) ≈    X j  (     L 2 / D )   c 0 F   V  ( t ) /   (  R T )       ( j = + , − )


    d  G j ( t )  d t = −    G j  ( t ) −  G j f   𝜏 j ( t )


   V 0


   V 0 > 0


   V 0


      𝜕 c i  𝜕 t = −   𝜕  J i  𝜕 x


   𝜏  + 0


   𝜏  − 0


       𝜏  + 0 /   𝜏  − 0 ~      a − /   a + ~ 10 − 100

