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This work aims at building a hybrid device1 which core element consists in a few number of 
organic molecules sandwiched between a bottom silicon electrode and a top single wall 
carbon nanotube electrode. The σ−π−σ type monolayer (consisting of an aliphatic chain, a 
conjugated ring, and another aliphatic chain) is expected to give rise to negative differential 
resistance behavior under bias. 
 
The first part of the project focused on the formation of the σ−π−σ monolayer, covalently 
bounded to a silicon surface, in a multistep and thus convergent process. We started from 
hydrogen terminated silicon surfaces and thermally grafted a first monolayer2. This first 
monolayer ends with chemical groups that were used to build the whole target molecule via 
mild reactions (Figure 1). 
 
We chose hydrogen terminated silicium as a starting material in order to have a direct 
injection of the electrons from the electrode to the σ−π−σ molecule. Thus, we paid particular 
attention, during the whole process, to prevent the substrate from reoxidising. This was 
surveyed by HR-XPS of the Si2p core level, whereas the chemical modifications of the 
surface were monitored by ATR infrared spectroscopy. 
 
Once we proved that a σ−π−σ monolayer could be achieved on large surfaces of hydrogen 
terminated silicium, we designed a device (Figure 2) based on a cross-bar configuration in 
order to integrate it on a chip. The device is designed in order to avoid any current leakage 
from the contacting gold electrodes of the chip through the oxide layer and to allow the 
contact of only few molecules. 
 
Starting from a thick oxide layer, we thinned it locally until reaching the underlying bulk 
silicium. This was achieved in two steps of e-beam lithography and etching process. Then the 
grafting took place and SWNT top electrode was finally deposited in a cross junction 
configuration and contacted. 
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Figure 1 : Schematic route to a structured monolayer covalently bounded to a silicium surface 
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Figure 2  : Design of the device. 
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