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Toward the origin of ionic memory 
 

In this internship, the student will do experimental work on the topic of nanofluidic memory for brain-inspired 
ionic compu;ng. While current compu;ng architectures rely on electronic components, biology uses solvated 
ions flowing through nanofluidic channels to process informa;on with extraordinary energy efficiency. Replica;ng 
these principles with ar;ficial nanofluidic systems could open a disrup;ve path toward biomime;c liquid 
hardware and direct interfacing with living organisms1. The discovery of ionic memory and synapse-like plas;city 
in nanofluidic devices has launched this emerging field2. In par;cular, recent op;cal observa;ons in asymmetric 
channels and two-dimensional slits showed that memory arises from voltage-induced conforma;onal change, 
akin to biological channels3,4. However, the physics governing these deforma;ons remains poorly understood 
hindering the design of efficient ionic memories because the devices used are not suitable for rigorous 
characteriza;on. 

 
Figure: Mechano-ionic memory observed via direct imaging. a, Sketch of highly asymmetric channels (HAC). A pierced silicon nitride 
(SiN) window (in green) is covered with palladium islands (in grey) and capped with a graphite crystal (in blue). Lines indicate the 
fluidic/ionic path. b, Current/voltage characterisEcs of HACs. The bistable system exhibits a loop-shaped characterisEcs as a signature 
of memory. c, Direct imaging measurement setup. A water dipping, long working distance objecEve is submerged in the top reservoir 
and chlorinated silver electrodes are placed across the device. ElectrokineEc and opEcal data are obtained simultaneously. d, Direct 
observaEon of mechano-ionic memory in HAC. Adapted from Ref 3. In black squares, microscopy images show interference paQerns 
in the ON state as a signature of blister formaEon. e, Sketch of two-dimensional channels made by van der Waals assembly. An array 
of thin nanoribbons (spacers) separates two-dimensional crystals. f, MemrisEve IV of two-dimensional nanochannels. g, OpEcal 
image. The background at 0 V applied is subtracted from images obtained with applied voltage to obtain voltage-induced contrast 
maps showing the appearance of local blisters as sketched in h. Adapted from Ref 4. 

 The goal of the internship is the design and study of model nanofluidic devices in order to reach a beGer 
understanding of the ionic memory. In par;cular, the electrosta;c pressure overcoming interlayer adhesion has 
to be measured precisely, enabling quan;ta;ve modeling.  The student will fabricate the devices and measure 
them through a coupled op;cal and electrokine;c approach. The student will gain a wide experimental 
knowledge in 2D material exfolia;on and nanofabrica;on, electrokine;c and op;cal measurements as well as 
theore;cal knowledge of the exo;c fluidic phenomena occurring at the nanoscale. The internship may con0nue 
into a Ph.D. funded by an ANR grant.  
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