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Aluminum is a light, conductive metal used in an incredible assortment of device
fabrication processes, including in superconducting devices, where performance is highly
sensitive to material impurities, interface damage, and critical dimensions. Most aluminum
reactive ion etch processes use Cl, or BCl;, which have the dual disadvantages of toxicity and
post-etch corrosion. Fluorine is not typically used as an etchant for Al films because of the high
melting point of AlF,. It is known, however, that fluorinated AlOx has a lower sputter threshold
than untreated AIOx[1]. We present a novel 3-step plasma Atomic Layer Etch (ALE) process for
Al using O,, CF,, and Ar*. This room-temperature cyclical process starts by oxidizing Al in O: in
Step A. Step B consists of a tetrafluoromethane dose to create an aluminum oxyfluoride
modified layer. In Step C, this modified layer is removed via argon ion bombardment, using the
oxide as an etch stop for the removal of the more easily sputtered oxyfluoride layer.

EPC of 0.08 nm/cycle and synergy of >99% were achieved with 100 W ICP power and 7 W
table bias during step C. Etch control is governed by the thickness of the grown oxide and the
depth of fluorine diffusion. We also present AFM, SEM, and XPS to show the effect of this
process on the Al surface. This process could provide an avenue toward improved performance
in aluminum-based superconducting devices.

[1] Chittock, N. J. (2024). Plasma processes for atomic layer etching. [Phd Thesis 1 (Research
TU/e / Graduation TU/e), Applied Physics and Science Education]. Eindhoven University of
Technology.
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