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   Due to tremendous interest in nanotechnology, the physics of metal adsorption on semiconducting surface is heralding a technological revolution and opening up a new research avenues of low dimensional physics, such as atomic wires, i.e, the ultimate thin wires. With the help of scanning tunnelling microscopy (STM), it has been possible to manipulate surface atoms and thus modify the semiconducting surfaces to construct atomic scale structures like quantum nanowires on the semiconducting surfaces [1,2,3,4,5]. These wires have the vital importance because of its technological application as metallic interconnect in nanodevices  [6]. Such potential technological applications of nanowires stimulate us to investigate the possibility of formation of stable Au atomic wire on the hydrogen terminated Si(001) surface using density functional theory based total energy calculations. The hydrogen terminated Si(001) surface may have 1x1, 2x1 or 3x1 reconstruction depending on the experimental conditions. The theoretical study of gold chain formation on hydrogen terminated Si(001):1x1 surface have already been studied by us recently [7].
   Here, we consider the hydrogen terminated Si(001): 3x1 reconstructed surface for the investigation of possible formation of gold chain. The hydrogen terminated Si(001):3x1 surface may be patterned in eight different ways (named as Pattern-1 to Pattern-8) by removing desired hydrogen atoms from the surface. The adsorption of Au on such surface are studied at different sub-monolayer coverages. Eventually, it is found that at 4/9 monolayer(ML) coverage, zigzag stable Au chain is formed on the hydrogen terminated Si(001):3x1 surface having Pattern-2, Pattern-4, Pattern-5, Pattern-7 and Pattern-8. The reason for the stability of the wire structures at 4/9 ML coverage is explained. Gold chain formed on the hydrogen terminated Si(001):3x1 having Pattern-7 is energetically most stable among all the patterned surfaces considered here. The band structure calculation indicates that the gold chain on the Si(001):3x1 surface having Pattern-7 is nonmetallic in nature. However, the atomic gold chain on the substrate may be useful for the atomic device purpose. Experiments may be set up in this direction to produce atomic wires supported by semiconducting substrates.
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