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Fig. 1. Schematic diagram of the process of growing aluminum oxide layer by ALD and thermal oxidation: (a) Process of growing
Al,03 by ALD; (b) process of growing AlOy by thermal oxidation.
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Fig. 2. Schematic diagram of Josephson junction preparation process: (a) Schematic diagram of the first sputtered Ti after photo-

lithography; (b) natural oxide layer formed on the Ti metal electrode surface immediately after lift-off process; (c¢) removal of the

oxide layer using the RPC technique by reactive hydrogen; (d) in situ ALD growth of Al,O5 after removal of the natural oxide layer;

(e) the second photolithography to determine the top electrode pattern and sputtered Ti again; (f) lift-off process to complete the

junction.
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Fig. 3. (a) TEM image of Josephson junction cross-sectional structure with Al,O5 tunnel barrier’s thickness is 12 layers; (b) relation-

ship between the tunnel resistance R, A, the calculated J- and the ALD cycles.
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Fig. 4. Room temperature resistance measurements of Josephson junctions at different junction areas and their uniformity data
plotted: (a) -V curves of Josephson junctions at different junction areas measured at room temperature; (b) relationship between
junction areas and resistance values (The dots in the graphs indicate the mean values of the measured resistances, and the Y error

bars are calculated using the standard deviation).
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Preparation of Al,0; tunnel barrier layer in atome-level
controlled Josephson junction
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Abstract

The AlOy tunnel barrier in Josephson junctions prepared by conventional thermal oxidation method is
formed by diffusing high-purity oxygen into the surface of Al. But the tunnel barrier fabricated by this method
is not completely oxidized, and the thickness of barrier is hard to control accurately. In this work, we use
atomic layer deposition to grow Al,O; tunnel barrier on the surface of Ti. The sandwich structure of
Ti/Al,O3/Ti Josephson junction is grown layer by layer. We investigate the corresponding microstructure and
electrical properties by adjusting the thickness of the Al,O; tunnel barrier and the area of the junction. The
experimental results show that the monolayer Al,Oy film is about 1.17 A (1 A = 101° m), which is grown by
atomic layer deposition, achieves atomic-level controlled thickness. The resistance is controlled by adjusting the
barrier thickness at room temperature. And we obtain a Josephson junction with good resistance uniformity at

room temperature by optimizing the junction area.

Keywords: atomic layer deposition, Al,O5 tunnel barrier, Josephson junction, room temperature resistance
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