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We fabricated and tested a single electron transistor (SET) and we succeeded in operating it between 0.3 K and 1.4 K. The SET island and the tunnel junctions electrodes are made by Al, while the tunnel barrier is an AlOx layer. We fabricated Al/AlOx/Al sub-micron junctions using e-beam lithography and the shadow mask technique. The SET is in the superconducting state because at the operating temperature the Al becomes superconducting. Fig.1 shows a scanning electron micrograph of a SET fabricated in our lab.
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Fig.1 Left: Scanning electron micro-graph of a SET made by Al films (light grey) on an oxidised Si substrate (dark background). The distance between the two crosses is 100nm (shown). The two tunnel junction areas are obtained by the Al film overlap (nominal dimension 0.1x0.1(m2). The island and the coplanar gate capacitor  (about 1(m long) are also shown. Right: Electrical equivalent circuit of the SET. The device is current biased at Ib. The gate voltage VG  and  the source to drain voltage VDS are referred to ground. 





The measurements are carried out in an unshielded environment and by using an 3He refrigerator. All the lines to the sample are heavily filtered at rf: this is obtained by feed-through capacitive filters and about 0.4 m long Thermocoax cables. The two junctions are dc current biased at Ib and the voltage across them (VDS) changes periodically (with a period equal to the charge quantum e) by changing the gate voltage VG . Fig.2 shows the transfer characteristics (that is, source-drain voltage VDS versus gate voltage VG) for our current biased SET. To show all the working points also the bias current Ib is changed quasi-statically (as a triangular wave function). 





We are also performing an extensive study of the low frequency noise of our superconducting SET's as a function of the bias point and of the SET gain in order to compare the quality of our fabricated devices. Fig.3 shows the square root of the charge spectral density en taken at 10, 20, 40, 80 and 120 Hz for different values of the bias current Ib. Presently, at T=322mK, our lower noise is en= 1.6 10-4 e/Hz1/2 at f=40 Hz, biasing the SET above the superconducting gap, at a current bias of 1.2nA corresponding to the first order of the modulation in the transfer characteristics. 
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Fig.2 Left: Source-Drain voltage VDS versus gate voltage VG characteristics for a current biased SET. To show all the working points also the bias current Ib was changed quasi-statically (as a triangular wave function). Right: Corresponding VDS- Ib characteristics at VG=0. The operating temperature is T=321mK. Insert: Source-Drain voltage VDS versus gate voltage VG characteristics at constant bias current Ib. A,B and C correspond to the working points on the left.
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Fig.3: Charge noise of a superconducting SET taken at different values of the bias cur
