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Superconductor-Insulator-Superconductor (SIS) structures are of increasing interest for the
creation of Josephson junctions that can serve as the basis for quantum qubit transmons,
which hold significant promise for quantum computing technologies. Traditionally, these
devices have been developed using amorphous AlOyx in Al/AlOx/Al structures and have
enabled fundamental demonstrations of transmon performance. However, improved
performance may be expected with an epitaxial insulator. Even in these structures, the nature
of the superconductor/substrate interface and the superconductor/ambient interface limits
coherence and, consequently, qubit performance.

In an effort to address this challenge, we employ low temperature atomic layer epitaxy
(ALEp) to grow crystalline AIN insulators on crystalline aluminum films. Smooth epitaxial
aluminum films are grown by evaporation on cryogenically-cooled, buffered GaAs(001)
substrates [1]. These epitaxial surfaces are “frozen” using a low temperature nitridation
atomic layer process (ALP) before the samples are ramped to 300°C for low temperature
ALE of AIN using semiconductor grade trimethylaluminum and UHP argon and nitrogen
inductively coupled plasmas (ICPs). In this study, we evaluate the structural effects of
variations in the initial nitridation ALP, growth conditions of ALEp AIN barriers, and SIS
barrier thickness using transmission electron microscopy. We have found that at one end of
the spectrum, a simple 5 cycle nitridation ALP of epitaxial aluminum at ~90°C, where each
cycle is a 30 second exposure to 300W UHP argon/nitrogen (200/75 sccm) ICP , consumes
a significant fraction of the aluminum to make an amorphous AIN insulator that is roughly 2
nm thick. When this surface is subjected to another low temperature Al evaporation, the top
Al films are a mixture of amorphous and polycrystalline. When the same nitridation ALP is
employed and followed by 5nm of ALEp AIN growth at 300°C, a similar amount of the
aluminum film is consumed and an amorphous ALEp AIN layer results. Finally, when the
nitridation ALP is reduced to a single cycle of nitridation, less of the aluminum film is
consumed and the 5nm AIN ALEp film shows polycrystallinity with small regions
demonstrating sharp, potentially epitaxial interfaces. This result suggests that proper ALP
nitridation of the epitaxial aluminum can support epitaxial growth of AIN by ALE. Further
studies of the influence of number of cycles, cycle duration, plasma chemistry and plasma
power on both the nitridation ALP and AIN ALEp will be presented.
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Figure 1. Cross sectional TEM of A/AIN/AL structure formed by application of 5 cycles of nitridation atomic
layer process. AIN is formed by consumption of underlying epitaxial aluminum to a thickness of 2nm.
Aluminum layer on top shows evidence for polycrystallinity.

Figure 2. Cross sectional TEM of AI/AIN/AL structure formed by application of 1 cycle of nitridation ALP,
followed by 5nm of AIN growth by low temperature (300°C) atomic layer epitaxy. AIN barrier shows

polycrystallinity and select regions of sharp, potentially epitaxial interfaces. Aluminum layer on top shows
evidence for polycrystallinity.



