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Abstract

The DC Josephson current through a nano-graphite ribbon sandwiched between two conventional superconductors
is theoretically studied by using the thermal Green function techniques based on the tight binding model. The
electronic states of nano-graphite ribbons strongly depend on their shapes of edges, hence the behavior of the DC
Josephson current crucially depends on the network topology of nano-graphite ribbons.
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Carbon based nano-scale materials such as fullerenes,
carbon nanotues and nanographites are attracting the
much attention due to their novel electronic prop-
erties. Nanographite is a nanometer-sized graphite
systems which is situated between aromatic molecules
and bulk graphite. In this system, the geometry of
the carbon network is quite decisive for the electronic
and magnetic properties[1]. Recently it has became
possible to fabricate the hybrid systems of carbon nan-
otube and superconductor, and measure the electronic
transport properties of these devices[2]. This progress
of experiments opened a door to the application of
the nanosized-carbon materials to the electronic de-
vices. In this manuscript, we study the DC Josephson
current through the nanographite ribbons sandwiched
between two s-wave superconductors.

One of the models to describe the electronic prop-
erties of nano-graphites is graphite ribbon model[3].
Fig.1 is the schematic of the Josephson junction which
sandwich (a) an armchair ribbon and (b) a zigzag
ribbon between two superconductors. We define the
length of the junction, L, by the number of the carbon
slices. The width of the graphite ribbons, N , is defined
by the number of atomic sites forming a single carbon
slice, same as in the ref.[3]. The attached supercon-
ducting lead lines are semi-infinite system, where we
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use the nearest-neighbor tight-binding model of square
lattice with conventional superconducting order pa-
rameter[4]. The DC Josephson current is calculated by
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where the 〈· · ·〉 means thermal average, β = 1/kBT ,
ny is the number of the legs in the semi-infinite super-
conducting lead, and t is the transfer integral of the
nearest-neighbor tight binding model. Gωn (j, k; j, k) is
the Nambu Green’s function with the Matsubara fre-
quencies ωn = πkBT (2n + 1). In Eq.(1), the summa-
tion on the ωn is taken from n = −∞ to n = ∞. The
other notations follow the ref.[4]. We also use the re-
cursive Green’s function method.

Here we briefly summarize the electronic prop-
erties of nanographite ribbons. Armchair ribbons
show metallic or semi-conducting behavior, depend-
ing on the ribbon width. Armchair ribbons of N =
3m−1 (m = 1, 2, 3, · · ·) are metallic, otherwise semi-
conducting. The metallic armchair ribbons have the
linear dispersion at the low-lying energies[3]. On the
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Fig. 1. The schematic of the Josephson junctions which sand-

wich a (a) armchair ribbon and (b) zigzag ribbon, where the

shaded square ladder lattice is the semiinfinite superconduct-

ing lead line. The length of the junction is defined by the num-

ber of carbon slices.
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Fig. 2. The chemical potential dependence of the DC Josephson

current through the armchair ribbon of (a) N = 20 (metallic)

and (b) N = 21 (semi-conducting), where 1/β = 0.0001

other hand, Zigzag ribbons show the metallic behavior
for arbitrary width. In addition, zigzag ribbons show
the peculiar energy dispersion of E ∼ kN around the
E = 0. This energy dispersion introduces in the sharp
peak in the density of the states. Thus the electronic
states of nanographites crucially depend on their edge
structures.

In Fig. 2(a), we show the chemical potential de-
pendence of the DC Josephson current through the
metallic armchair ribbons(N = 20), where β = 0.0001.
Here we use the transfer integral (t) as the unit of
energy, and the unit of the current is et/βh̄. The
length of the junction gets longer, the magnitude of
the current gradually decreases. We have also checked
that at the higher temperature region of kBT > ∆E,
the Josephson currents show the exponential decay to
the junction length, exp(−L/ξc). Here ∆E is a energy
space between the Andreev bound states formed in
the nanographites, and ξc is the correlation length in
the clean limit. At lower temperatures, the currents
depends on (1/L) exp(−L/ξc). These behaviors coin-
cide the usual SNS transport theory of clean limits.
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Fig. 3. The chemical potential dependence of the DC Josephson

current through the zigzag ribbon of width N = 10 for (a)

L = 10, 20, 30, and (b) L = 70, 90, where 1/β = 0.001

The small oscillation is due to the multiple Andreev
scattering at the interface between superconductor
and nanographites. In Fig. 2(b), we show the chemical
potential dependence of the current through the semi-
conducting armchair ribbons. The current rapidly
decreases to the junction length for |µ| < Eg, where
Eg is the energy gap of the semi-conducting armchair
ribbons. The length dependence of the currents is
exponential decay.

In Fig. 3, we show the chemical potential dependence
of the DC Josephson current through the zigzag rib-
bons, where β = 0.001. At a glance, we found the many
resonant-tunneling-like peaks, which do not appear in
the metallic armchair ribbons. Around µ = 0 we found
the large dip structure, because the group velocity in
the zigzag ribbon rapidly decreases around the µ = 0.
We have also checked that the coupling strength be-
tween superconductor and graphite ribbons does not
change the profile of the peak structure of the Joseph-
son currents.

In conclusion, we have presented the prelimi-
nary results of DC Josephson currents through the
nanographite ribbons based on the tight binding model
with the thermal Green function techniques. It is found
that the behavior of the DC Josephson current cru-
cially depends on the edge structures of nano-graphite
ribbons. Further analyses will be presented elsewhere.
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