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Aluminum is one of the most widely adopted superconductors for quantum information 

applications [1, 2]. It has well understood superconducting properties and a self-limiting 

oxide that is an ideal barrier in Josephson junction devices [1]. This together with the ability 

to grow it in a clean manner on low dielectric loss substrates like sapphire and silicon makes 

it the material of choice to make quantum information devices like transmon qubits [2], 

Nevertheless, a big disadvantage of superconducting aluminum is its low critical field of 

around Hc=100 Oe and critical temperature of Tc=1.2K which makes it non ideal in quantum 

applications that require higher temperatures or an applied magnetic field.  

In this context, we explore the growth of superconducting aluminum films on c-plane 

sapphire and silicon (111) at room temperature and cryogenic temperatures of < 20 K during 

deposition. The films are synthesized in state of the art low-temperature molecular beam 

epitaxy equipment with in-situ reflection high energy electron diffraction (RHEED) 

characterization and a base pressure of < 5 × 10−11 mbar. We characterize the structure and 

crystallinity of the films, the substrate and the interface using x-ray diffraction, RHEED, 

atomic force microscopy and X-ray photoelectron spectroscopy. We measure electrical 

transport in these films under perpendicular magnetic fields and temperatures as low as 70 

mK and correlate the superconducting 

properties of aluminum with its structure. 

We find that low temperature deposition 

increases the degree of structural disorder 

which enhances the critical temperature 

and critical field of aluminum to Tc=1.5K 

and Hc = 690 Oe. We then fabricate 

superconducting microwave resonators on 

these films and study the loss in aluminum 

grown at cryogenic temperatures.   
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Figure 1: Reflection high energy electron diffraction patterns 

and resistance as a function of temperature and perpendicular 

magnetic field of aluminum grown on c-plane sapphire at (a) 

low temperature (LT) and (b) room temperature (RT).  


