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Molecular Transistor Fabricated by Electroless Gold Plated Nanogap Electrodes
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Molecular devices have attracted much attention because of their unique property such as
switching and memory phenomena. In order to realize molecular devices, the devices have to
be solid-state devices, that is all electrodes and molecule are included in single substrate. We
have established a fabrication process of nanogap electrodes with a few nm gap separation using
a combination of top-down and bottom-up methods. In this study, we fabricate a molecular
device consisting of [6,6]-phenyl-C61-butyric acid methyl ester (PCBM) and electoless plated
Aunanogap electrodes and observe an electrical characteristics in this device.

Au nanogap electrodes were fabricated by using electron beam lithography (EBL) and lift-
off processes. electroless gold plating. PCBM molecules were introduced between nanogap
electrodes by an immersion into the PCBM solution in toluene. The electrical measurements
were carried out in vacuum.

In current-voltage (I-V) characteristics, current via the PCBM molecule introduced in Au
nanogap electrodes increased with increasing temperature. This result means that in low
temperature region less than T=150 K, an electron transport mechanism was described by
tunneling phenomena, on the contrary, in high temperature region more than T=150 K, hopping
mechanism mainly contributes to electron transport.

Also, in I-V characteristics at low temperature region, suppression of tunneling current was
observed, which was derived from Coulomb blockade phenomena. This I-V characteristic was
in good agreement with theoretical curve calculated from orthodox theory.

In spite of an application of gate voltage, gate modulation phenomena were not observed. This
was caused by screening effect of electric flux between the gate electrode to PCBM molecule. In
order to realize PCBM molecular transistors, appropriate electrode structures such as top-gate

electrode structure are required.
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