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ABSTRACT 
 
It is well-known that man-made 1D superlattice 

structure (for instance, GaAs-Ga1-xAlxAs prepared with 
alternating epitaxy) exhibits a resonant tunneling 
phenonenon. The mean free path of an electron is, however 
limited to the order of 100 Å by inelestic scattering from 
phonons; i.e. the resonant tunneling process turns into an 
incoherent tunneling process by means of the scattering.  
We have discovered previously that the conventional 
superconductivity in metals such as Hg, Pb is a resonant 
tunneling state of single small polaron not Cooper pair, 
which can be formed by the covalent electron-lattice 
interaction. This should suggest that the suitably prepared 
superlattice may become a superconductor even at room 
temperature.   
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1 INTRODUCTION 
 
A ballistic conduction and superconductivity are 

considered separately in general; the superconductivity 
shows so-called Meissner effect, whereas both electrical 
transport phenomena are interpreted as being non-resistant. 
However, carbon nanotubes are claimed to exhibit both 
phenomena even at room temperature [1]. So that it seems 
to be difficult to differenciate the former from the latter in 
those nano materials. Furthermore single-wall nanotubes 
(SWNTs) as well as multi-wall nanotubes (MWNTs) have 
complicated structure respectively which prevent the 
correct analysis of the electrical transport phenomena. We 
claimed in the previous conference that the conventional 
superconductivity could be explained on the basis of the 
hypothesis of the resonant tunneling of a small polaron 
which is formed by the electron-lattice interaction related to 
the molecular orbital energy of M-M bonding of metal 
crystal lattice [2]. The above should indicate that the 
superconductivity is a ballistic conduction of an electron 
with an infinite mean free path. On the other hand the 
reasonant tunneling of man-made superlattice has been 
attracting much attention in the condensed matter physics 
since the proposal and theoretical calculation by Tsu and 
Esaki [3]. In the present study we propose for the first time 
the idea on 1D superconducting superlattice by combining 
our previous idea for the conventional superconductivity 
mechanism with a man-made 1D superlattice structure. Our 

idea will not be wild because superconducting 1D or 2D 
superlattice is proposed on the basis of the stripe which is 
formed in the cuprate high-temperature superconductor 
(HTS) [4], although those authors proposed the concept on 
the basis of BCS theory, not our small polaron tunneling 
hypothesis. Moreover the double stranded DNA [5] as well 
as carbon nanotube[1] are claimed to be 1D superconductor 
even at room temperature respectively. 

 
2  SMALL POLARON HYPOTHESIS FOR  

CONVENTIONAL 
SUPERCONDUCTIVITY 

 
We proposed the small polaron tunneling mechanism 

for the conventional superconductivity in the previous 
report for the conference, Nanotech 2011 [2], as already 
mentioned.  The above model is based on our earlier 
experimental evidence in the mediated electrochemical 
dissolution of plutonium dioxide (PuO2)[6] and the  
correlation between superconductivity and hydrogen 
overpotential, and another correlation with hardness of 
conventional metals.  The basic assumption is that a small 
polaron is created by an electron-lattice interaction and the 
interaction force is strongly related to the M-M covalent 
bonding energy, namely the molecular orbital energy. So, 
our small polaron is conceptually very different from the 
conventional small polaron which is formed by an ion-
electron interaction. In a sharp contrast with the 
conventional electron-lattice interaction which is mediated 
by a phonon, there has been no known quantized 
elementary particle in such a lattice field yet. The 
celebrated BCS theory for conventional superconductivity 
has the difficulty in explaining the difference in the 
superconducting properties of chemically different metals. 
Our superconducting mechanism based on the small 
polaron hypothesis ,which can explain explicitly the 
correlation with the hydrogen overpotential of chemically 
different metals, may be superior to BCS theory.  
 

3 RESONANT TUNNELING IN 1D 
MAN-MADE SUPERLATTICE 

 
The electrical concept of man-made superlattice which 

is prepared with alternating epitaxy of semiconducting 
materials was proposed earlier by Tsu and Esaki [3].  They 
calculated the tunneling probability of an electron in the 
periodic potential field which is formed by the superlattice 
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structure  on the basis of the collision theory in terms of a 
steady state approximation. They showed that a resonant 
tunneling  of an electron can occur in those cases of two, 
three and five barriers respectively, depending on the 
applied electrical potential. They claimed that the five 
barriers are enough for such a tedious quantum mechanical 
computaion because not only the possible mean free path in 
the superlattice is relatively short, but also the number of 
periods of superlattice were limited technically. We could 
show that the conventional superconductivity may be a 
resonant tunneling of  small polaron with infinite mean free 
path. So, if we can mimic the natural electronic structure of 
conventional metals  by  means  of nano technology and 
further improve the electrical transport property of 
superlattice, it should be possible to obtain a room 
temperature superconductor of  1D man-made superlattice. 
The author does not recognize the attempt for obtaining a 
longer mean free path in man-made 1D superlattice since 
the study of  Tsu and Esaki. However, it should be possible 
to prepare superlattices with various electrical transport 
properties as well as larger number of superlattice periods 
than Tsu and Esaki because the nano technology has been 
greatly advanced. Our concept of 1D superconducting  
superlattice  is not limited to a specific type of superlattice 
structure. So, we will have many free variables for 
preparing superlattices with superior electrical transport 
property on the basis of our concept of 1D superconductor 
of man-made superlattice.   

 
4  SUPERCONDUCTIVITY OF CARBON 

NANOTUBE AND DNA 
 
The  carbon nanotube has been found to be a ballistic 

conductor at room temperature [7]. This may mean that the 
carbon nanotube is considered to be the first real room 
temperature superconductor based on our hypothesis for 
conventional superconductivity.   

The double stranded DNA was earlier considered to be  
room-temperature organic superconductor of one dimension 
based on their theory like BCS theory [5]. If that possibility 
is based on the high speed of impulse in our nerve, our 
model for superconductivity may be more reasonable for 
the possible room-temperature superconductivity of DNA 
although we have not explained Meissner effect yet. 

 
5 CONCLUSION 

 
We proposed in the present study the concept of 1D 

superconducting superlattice on the basis of the small 
polaron hypothesis which was developed for explaining the 
conventional superconductivity. By combining our model 
with advanced nano technology it may be possible to 
prepare room-temperature superconductor in the near future. 

Our small polaron hypothesis in conventional 
superconductivity is based on a new electron-lattice 
interaction which is related to the M-M covalent bonding. 
By analogy with the conventional lattice polaron which is 

mediated by phonon, it may be necessary to assume a new 
elementary particle in our small polaron model, which is 
exchanged in the new force field. 
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