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Mimicking intelligence: Matenals and Devices for Unconventional Computation
by Prof. Juan Bisquert

Biological intelligence emerges from the intimate coupling between materials, dynamics, and function. Brains compute by combining adaptive memory at synapses
with rhythmic and spiking activity at neurons, where chemistry, transport, and nonlinear dynamics jointly shape information processing. In this seminar, we examine
how emerging electronic materials and devices can emulate these principles and enable unconventional computing paradigms beyond standard digital architectures.

We focus first on memristive materials and devices, where ionic motion, redox reactions, defect dynamics, and interfacial chemistry give rise to history-dependent
electrical behavior. These systems act as artificial synapses, reproducing key learning mechanisms through nonlinear conduction, hysteresis, rectification, and time-
dependent plasticity. We discuss experimental and analytical tools—ranging from time-domain stimulation protocols to impedance spectroscopy—that reveal how
material-level processes translate into adaptive electrical responses.

Moving beyond synaptic functionality, we show how the same material mechanisms, when embedded in suitable circuits, enable neuron-like behavior. Memristor-
based circuit models can generate self-sustained oscillations, excitability, and transitions between quiescent and spiking regimes. These emergent oscillatory states
form the basis of oscillator-based computation, where information is encoded, transmitted, and processed through phase, frequency, and synchronization patterns
rather than static voltage levels or Boolean logic.

By integrating materials chemistry, device physics, and nonlinear dynamics, this seminar highlights how electronic systems with intrinsic memory and oscillatory
behavior can mimic key aspects of neural computation, pointing toward new hardware platforms for neuromorphic and bio-inspired computing.

Funded by the European Research Council (ERC) via Horizon Europe Advanced Grant, grant agreement n°® 101097688 ("PeroSpiker").

Juan Blsquert is a Distinguished Research Professor at Instituto de Tecnologia Quimica (Universitat Politécnica de Valéncia-Consejo Superior de
Investigaciones Cientificas). He is Executive Editor for Europe of the Journal of Physical Chemistry Letters. He has been distinguished in the list of Highly Cited
Researchers from 2014 to 2024. The research activity of Juan Bisquert has been focused on the application of measurement techniques and physical modeling in
several areas of energy devices materials, using organic and hybrid semiconductors as halide perovskite solar cells. Currently the main research topic aims to create
miniature devices that operate as neurons and synapses for bio-inspired neuromorphic computation related to data sensing and image processing. The work on this

topic combines harnessing hysteresis and memory properties of ionic-electronic conducting devices as memristors and transistors towards computational networks.
The work is supported by European Research Council Advanced Grant.
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