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  Macroscopic quantum coherence is an attractive phenomenon in which quantum effect appears in macro-size structures, and hence it can be one of the strong candidates for quantum computation. In this work, we report on two quantum coherence related effects (i.e., related to 1.phase of electron waves and 2. spin of electrons) observable in nano-structures fabricated by nano-porous Alumina films. Nano-porous Alumina film is a material quite different from nano-structures made by semiconductor nano-technologies[1]. It can be self-organized grown only by anodizing a pure Aluminum substrate in a solution, yielding high density of nano-sized diameter pores. One can easily get a variety of nano-structures by electrochemically depositing many kinds of materials into the nano-pores. Here, we present the coherent effects in the systems of 1.multi-walled Carbon nanotubes (MWNTs) connected to single nano-tunnel junctions and 2.Ferromagnetic (Nickel: Ni) quantum wires also connected to single junctions, fabricated in this Alumina film.

  At first, we present Coulomb blockade (CB) depending on phase coherence of electron waves in MWNT system (i.e., array of Au/MWNT/Al2O3/Al). Observed zero-bias conductance (G0) anomaly can be fit by phase correlation (PC) theory, which describes special conditions to observe CB in a single tunnel junction system[2]. It suggests the presence of Coulomb blockade in our system. One of the key conditions in PC theory is an impedance of external electromagnetic environment higher than resistance quantum (RQ=h/e2(25.8K(). Here, the temperature dependence of G0 reveals the presence of weak localization, which is one of the typical interference effects of phase of electron waves in diffusive regime and consistent with the past report of MWNT[3], with such high impedance. Since the interface between MWNT/Gold(Au) contact is ohmic with low resistance, these results indicate a possibility that weak localization in the MWNT can act as a high impedance external environment for CB, nevertheless the impedance mechanisms between weak localization and PC theory are very different. As an evidence, it is shown that the CB can be modulated by Altshuler-Aronov-Spivak(AAS) oscillation in MWNT, caused by applying magnetic field.  

  Next, we present the results of magnetoresistance (MR) measurement in the Ni-nanowire system (i.e., array of Au/Ni-nanowire/Al2O3/Al) and discuss a possibility of macroscopic quantum tunneling (MQT) of magnetic domain walls (DWs). In the system, abrupt jump of MR is observed with hysteresis curve, only when magnetic field is applied along the wire axis. This hysteresis curve strongly suggests the presence of magnetic DW, which is a spin transition region between two different spin coherent spaces, in the Ni-nanowire. Similar MR jump has been recently reported and attracted much attention as a novel effect[4]. Some of relevant interpretation for this MR jump were depinning of magnetic DW caused by MQT at the pinning potential and destruction of weak localization by magnetic DW proposed by Tatara and Fukuyama[5]. Tatara et al. argued that spin flip scattering in DW causes decoherence of spin in Ferromagnetic nanowire, resulting in the destruction of weak localization and that quantum fluctuation caused by the motion of the DW also changes MR. This motion of DW can be caused by MQT. In fact, the temperature dependence of MR in our system qualitatively indicates the presence of weak localization near zero magnetic field, whereas it is smeared out at magnetic fields higher than that accompanied by MR jump. The presence of magnetic DW and this result support Tatara’s theory and imply the possibility of appearance of MQT of DW with spin decoherence in the Ni-nanowire.   

  Semiconductor nano-technologies are main stream and promising for realization of MQC and quantum computation. In contrast, nano-porous Alumina film method can also easily yield mesoscopic and macroscopic quantum coherence related effects by depositing a variety of materials into the nano-pores as presented here. In addition, superconductors are also depositable with Josephson junctions. Therefore, it may be able to become a material candidate for MQC devices as a unique approach in near future.
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