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• What is "supramolecular chemistry" relevant to this 
talk?

• Nanodielectrics

• Monolayer transistors

• Monolayer memories and switches



of supramolecular chemsitryof supramolecular chemsitryof supramolecular chemsitry

• "... consists in the design of systems undergoing self-organization, that is, 
systems capable of spontaneously generating a well-defined supramolecular 
architecture by self-assembling from their components under a given set of 
conditions."

J.M. Lehn, Angew. Chem. Int. Ed. (1988)

SAM : self-assembled mono- or multi-layers





NanodielectricsNanodielectricsNanodielectrics

1rst evidence of tunneling
through a fatty acid LB
monolayer sandwiched
between metal electrodes

Mann & Kuhn, J. Appl. Phys. (1971)

Not a recent story

organic monolayer tunnel barrierorganic monolayer tunnel barrier
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high-k SANDs : εR ≈ 5-10
Ileak ≈ 10-7 A/cm1 @ 1V
EBD ≈ 7 - 10 MV/cm



SAM nanodielectrics in "carbon" electronicsSAM nanodielectrics in "carbon" electronicsSAM nanodielectrics in "carbon" electronics

large area capacitors @ wafer levellarge area capacitors @ wafer level



L=500 nm

L=30 nm

µ ≈ 10-3 cm2V-1s-1

on/off ≈ 104

top S-D contacts



bottom S-D contacts



n- and p-type OSC
µ : up to 10-2 cm2V-1s-1

on/off : up to 105

also with CNT 2D network FET



SAM Field Effect TransistorSAM Field Effect TransistorSAM Field Effect Transistor

20-60 nm

µmax=3.5x10-3 cm2V-1s-1



in the two cases, L ≤ 200 nm



15-bit code generator
300 SAMFETs



Molecular memories & switchesMolecular memories & switchesMolecular memories & switches

Principle 1 : charge storage on a redox molecule

porphyrins



after
400°C/30min
inert atm.

direct grafting on Si-H
CMOS compatible

survive a 400°C process

working stability: up to 1012 cycles



1Mbit / molDRAM
Zettacore

write : 10 µs (theory: 10 ns)
retention : few hundred sec

planar (no trench, no stack)
10% steps/Si DRAM



InP (10-30 nm)
molecules = Co phthalocyanine

on/off ≈ 104

retention time ≈ 104 s



diarylethene
azobenzene derivative

on/off ≈ 2x103



suitable for large-area
electronics



Thank you for your attentionThank you for your attentionThank you for your attention


