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Abstract

We report our efforts on the development of Nb-based non-hysteretic Josephson junction fabrication process for quantum
device applications. By adopting and modifying the existing Nb-aluminum oxide tunnel junction process, we develop a
process for non-hysteretic Josephson junction circuits using metal-silicide as metallic barrier material. We use sputter
deposition of Nb and MoSi,, PECVD deposition of silicon oxide as insulator material, and ICP-RIE for metal and oxide etch.
The advantage of the metal-silicide barrier in the Nb junction process is that it can be etched in SF¢ RIE together with Nb
electrode. In order to define a junction area precisely and uniformly, end-point detection for the RIE process is critical. In this
paper, we employed thin Al layer for the etch stop, and optimized the etch condition. We have successfully demonstrated that
the etch stop properties of the inserted Al layer give a uniform etch profile and a precise thickness control of the base

electrode in Nb trilayer junctions.
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Fig. 1. Cross section of (a) Nb/MoSi,/Nb tri-layer
Josephson junction, (b) tri-layer junction with Al etch stop
layer inserted in the base electrode Nb.

Table 1. Design parameters for the Nb/MoSi,/Nb trilayer
process.

Layer Material ~ Thickness (nm)
BE Base electrode Nb 320
BAR Junction barrier MoSi, 17.8
CE Counter electrode Nb 210
1 Insulation layer SiO, 500
Y Wiring Nb 500
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Fig. 2. Etch depth of (a) Nb/MoSi,/Nb tri-layer, (b) tri-
layer with Al etch stop.
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Fig. 3. SEM pictures of the etch profiles of (a) Nb/MoSiy/
Nb tri-layer (b) tri-layer with Al etch stop.
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