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In the paper some properties, especially electrical resistive (conductance) and thermal conductance, of metallic and semiconductor nanowires are discussed. We have analyzed and measured nanowires created of gold, copper, tin, silicon and germanium because of using them for manufacturing of integrated electronic devices. Electrical conductance GE and thermal conductance GT of a nanostructure describe the effect of electron transport in nanowires. Electrical conductance quantization in nanowires has been observed in units of G0 = 2e2/h = (12.9 k)-1 up to five quanta of conductance according to the theory proposed by Landauer. In the paper we present our measurements of electrical conductance quantization in Ge and Co (Fig. 1) and Au nanowires at room temperature. The quantization of thermal conductance is considered in a similar way like the electrical conductance. In one-dimension systems are formed conductive channels. Each channel contributes to a total thermal conductance with the quantum of thermal conductance GT0. Quantized thermal conductance and its quantum (unit) GT0 was confirmed by Schwab. The quantum of thermal conductance GT0 [W/K] = ((2kB2 /3h)T = 9.5×10-13T depends on the temperature. At T = 300 K value of GT0 = 2.8×10-10 [W/K]. This value is determined for an ideal ballistic transport in a nanowire, with the transmission coefficient tij = 100%. It means that in all practical cases (when tij < 100%) the thermal conductance is below the quantum limit.
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Fig. 1. Room-temperature conductance of nanowires formed between a Co tip and a Ge plate. (a) Electrical conductance curves of nanowires; (b) histogram exhibiting the statistical conductance for Co-Ge. 


In small structures a dissipated energy is quite large. For the first step of conductance quantization, GE = GE0 = 7.75×10-5 [A/V], and at the supply voltage Vsup = 1 V the current in the circuit I = 77 (A. The power dissipation in terminals of nanowires is P = I2/GE0 = 76 (W for the first step of conductance quantization. One can notice that the density of electric current in nanowires is extremely high. The diameter of the silicon nanowire on the first step of quantization can be estimated to D = 0.5 nm, so for I = 77 (A the current density J ( 4×1010 [A/cm2].
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