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Abstract: The rapid development of generative artificial intelligence, autonomous driving, and
the intelligent Internet of Things necessitates hardware with low latency, high energy
efficiency, and high-density integration. Device architectures with discrete rectification and
energy storage functions complicate the integration of neuromorphic computing hardware,
restricting its application in miniaturized, low-power scenarios. Supercapacitor diodes, which
are emerging iontronic devices featuring integrated rectification and energy storage functions,
meet the requirements of highly integrated hardware systems. By utilizing ions as charge
carriers, these devices realize unidirectional ion transport and reversible energy storage
through a coupled ion-selective sieving and charge storage mechanism.This work first clarifies
the core operating mechanism and physical model of supercapacitor diodes, mechanistically
distinguishing them from traditional semiconductor diodes and capacitors. It subsequently
reviews the design strategies and structure-activity relationships of non-Faradaic and
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Faradaic systems, clarifying their performance advantages and applicabilities. Concurrently,
this work establishes a multidimensional performance evaluation system for integrated
rectification and energy storage, analyzing the definition, calculation methods, and existing
limitations of core performance indicators. Additionally, it summarizes the evolution path of the
devices, from the basic two-electrode structure to the three-electrode gate-controlled system,
and introduces the miniaturized and flexible fabrication technologies alongside the application
progress. Finally, this work identifies the core bottlenecks for the large-scale application of the
devices, including materials, fabrication technologies, and integration compatibility, proposing
research directions in this field: conducting in-depth analysis of material structure-activity
relationships to develop high-performance matched material and electrolyte systems,
expanding the high-frequency performance boundary of the devices, and improving unified

performance evaluation standards.
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(a) Schematic illustration of hierarchical composition of human brain, including neural network, synapse, and ion transport channels
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(b) Schematic illustration of hierarchical composition of the proposed artificial brain, which correspondingly contains iontronic circuit, CAPode,
and proton transport channels
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Fig. 1 Schematic illustration of hierarchical composition of human brain and hierarchical composition of
proposed artificial brain?
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Fig. 2 Schematic illustration of structure and working mechanism of traditional semiconductor diodes and
supercapacitor diodes (CAPode): (a) PN junction space charge region and internal electric field structure of
traditional diodes; (b) lon sieving mechanism of supercapacitor diodes; (c) lon transport path of asymmetric
carbon electrodes in non-Faradaic system; (d) Cyclic voltammetry curve of non-Faradaic CAPode"”; (e) Charge-
discharge behavior of pseudocapacitive electrodes in Faradaic system; (f) Cyclic voltammetry curve of Faradaic
CAPode™
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Fig. 3 Schematic illustration of ion transport mechanisms and electrochemical behaviors of supercapacitor
diodes (CAPode): (a) Four states of electrode ion adsorption and corresponding electrolyte molecular
structures in poly(ionic liquid) system®; (b) Differences in transport pathways of various ions in molybdenum
oxide-based CAPode""; (c) Transport and charge-discharge mechanisms of H* and SO? ions in tungsten oxide
electrodes; (d) Differences in ion adsorption at different voltages in tungsten oxide!?
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Fig. 6 Schematic illustration of fabrication process and integration of supercapacitor diodes (CAPode)
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