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Abstract 
Graphene based materials are nowadays intensively studied for being potentially useful in nano-
electronics, thanks to the extraordinary properties of Dirac electrons and to the possibility of tuning their 
conductivity.
One way to achieve a reasonable control of electronic and transport properties of graphene based 
devices is exploiting the electron confinement in the direction transverse to transport, as in the case of 
graphene nanoribbon.[1]

Similarly, ordered structures of atomic-scale defects in graphene (such as vacancies and chemisorbed 
atoms) can generate superlattices acting as hard-wall confinement potentials for the electron [2] and 
could be exploited as electron waveguides with application in two or three terminal junctions, nano-
diodes, nano-transistor or logic network units.[3]

For example pair of chemisorbed hydrogen dimers lines along the armchair direction display energy gap 
that oscillates with increasing the distance between the lines, thus resembling the situation of armchair 
GNRs. Furthermore they have been recently characterized by STM experiments with the help of Density 
Functional Theory (DFT) calculation that demonstrated also their high stability.[4]

We investigate the electronic and transport properties of such superlattices, considering periodic 
structures of different sizes. For the simplest cases there is one dimer line per unit cell and the 
structures can be denoted as n-superlattice (n-SL), n being the width of the channel in units of graphene 
lattice constant (a=2:46 Å). In more complex situations two lines are needed to define the repeating unit 
and the structures are denoted as (n1; n2)-SL where n1; n2 is the width of each channel in the same units 
as above. We concentrate mainly on the 6-SL (the one experimentally observed) and (6,n)-SL.

After the structural optimization, that reveal a sizable curvature of the graphene sheet due to the 
hydrogen lines, we perform ab initio Density Functional calculation of their ground states electronic 
properties using norm conserving pseudopotentials and local orbital basis function as implemented in 
the SIESTA code.[5]
The transport properties, evaluated in ballistic regime and both at zero and finite bias, are calculated 
exploiting the Non Equilibrium Green's Function approach as adopted in the TRANSIESTA package.[6]

We found that all these structures are characterized by electronic states that are confined within the 
channels formed by the hydrogen dimer lines while they are free-electron like in the perpendicular 
direction (along the channel).
As a consequence the electronic transport is strongly anisotropic with a nearly vanishing transmission 
probability perpendicularly to the lines, despite the presence of a single hydrogen-dimer line to be 
crossed. In contrast, transport along the dimers lines occurs without scattering and the transmission 
function shows an almost perfect step-like behavior as expected when transmission modes (the quasi-
1D channels at quantized energies) progressively open.

We found also that in the (n1; n2)-SL the transmission function is roughly given by the sum of the 
transmission of the two constituent structures (namely  n1-SL and  n2-SL), i.e. the channels confined by 
the hydrogen-dimer lines essentially act as independent conduction channels.
 
A further evidence of this property is represented by the spatial separation of the conduction channel 
that we have checked computing the transmission eigen-channels [7] for a numbers of selected 
occupied states. We found that they localizes in different superlattice regions, according to the band 
structure of the constituent elements and their the relative eigen-transmission sum up to give the 
cumulative transmission probability.



Finally, we analyze the effect that �finite bias voltages have on the transmission functions finding that the 
shape of the conductance function is simply given by the overlap resulting from the band mismatch 
between left and right ends.
We conclude that  hydrogen-dimer lines may represent valid alternative to graphene nano-ribbons to be 
used in one and the same support for fabricating (chemically imprinting) integrated nano-circuits. 
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Figures

Band structure (left) and transmission function (right) for transport along the hydrogen-dimer lines of the(6; 7)-SL 
structure. Also shown in the right panel the results of the constituent 6-SL structure (black) for comparison.
The transmission eigenchannels relative to the first (up) and second (down) channels below the Fermi level are 
shown on the right.
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