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Graphical Abstract 

Surface-adsorbed single atom magnets as atomic-scale magnetic memory. 

 

 
 

Abstract 

Magnetic storage devices such as hard drives and magnetic tapes are massively used in conventional high-

capacity storage units. The increasing data-storage needs motivate the research towards novel fundamental 

alternatives to achieve ever-larger bit density. Individual atoms adsorbed on a surface, with each atom being 

able to store a single bit of data, could potentially allow maximal storage density in a solid-state system. 

However, in order to store and process information, it is required to stabilize the spin of the magnetic atoms 

against thermal and quantum fluctuations. The key to stabilize the single magnetic moment of an adatom is 
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 therefore to develop a viable route for minimizing the coupling with the surrounding electronic/crystalline 

environment. 

 In the first part of the talk, I will present the rapid evolution of this field and the sequence of advancements 

that led to the discovery of the first single atom magnet, namely a holmium atom on a magnesium oxide ultra-

thin film. Using x-ray magnetic circular dichroism (XMCD), we found these atoms to be magnetic stable up to 

40 K even in absence of an external magnetic field [1]. In addition, they can be read and written individually 

using a scanning tunneling microscope [2]. 

 In the second part, I will here describe other single-atom magnets that have been investigated and the 

methods employed to address their magnetic properties. Over the last years, slow magnetic relaxation has been 

in fact observed for diverse combinations of magnetic atoms/ substrate, including 2D templates, such as 

graphene and transitional-metal dichalcogenides [3]. 

 Starting from the description of the experimental results, I will present the main physical ingredients which 

play a role in achieving long magnetic lifetime in individual adatoms on surfaces, such as phonon bottleneck 

and weak coupling to the electronic and vibrational degrees of freedom of the substrate [4,5].  

 Finally, I will discuss the limitations of the present systems and techniques and identify the challenges to 

close the gap toward potential future technological applications. 
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