







    Skip to main content




    
        
        Thank you for visiting nature.com. You are using a browser version with limited support for CSS. To obtain
            the best experience, we recommend you use a more up to date browser (or turn off compatibility mode in
            Internet Explorer). In the meantime, to ensure continued support, we are displaying the site without styles
            and JavaScript.


    




    

    
            

            
                
                    Advertisement

                    
        
            
    
        
            
                [image: Advertisement]
        

    


        
    
                

            
        

    
        
            
                
                    
                    
                    
                        
                        
                            
                                
                                [image: Nature Physics]
                            
                        
                    
                    

                    
                    	
                            
                                View all journals
                            
                        
	
                            
                                Search
                            
                        
	
                            
                                Log in
                            
                        


                

            

        

        
            
                
                    
                        	
                                    
                                        Explore content
                                    
                                
	
                                    
                                        About the journal
                                    
                                
	
                                        
                                            Publish with us
                                        
                                    
	
                                    
                                        Subscribe
                                    
                                


                        	
                                    
                                        Sign up for alerts
                                    
                                
	
                                    
                                            RSS feed
                                    
                                


                    

                

            

        
    


    
    
        
            
                	nature



	nature physics

	articles

	
                                    article


    
        
        
            
            
                
                    	Article
	Published: 28 November 2016



                    Control of the millisecond spin lifetime of an electrically probed atom

                    	William Paul1, 
	Kai Yang1,2, 
	Susanne Baumann1,3, 
	Niklas Romming4, 
	Taeyoung Choi1, 
	Christopher P. Lutz1 & 
	…
	Andreas J. Heinrich1 nAff5 

Show authors

                    

                    
                        
    Nature Physics

                        volume 13, pages 403–407 (2017)Cite this article
                    

                    
        
            	
                        6790 Accesses

                    
	
                        94 Citations

                    
	
                            4 Altmetric

                        
	
                    Metrics details

                


        

    
                    
                

                
    
        Subjects

        	Electronic and spintronic devices
	Magnetic devices
	Magnetic properties and materials
	Spintronics


    


                
    
    

    
    

                
            


        
            Abstract
Electrical control and readout of magnetic states is an important goal in spintronics. But electrical access to quantum spin systems comes at the cost of coupling to electrodes, which reduces the spin lifetimes through relaxation to electron–hole pairs. Here we report an electrically probed single-atom spin that is long-lived thanks to engineering the coupling of individual iron atoms to the nearby metallic electrodes. Using spin-polarized scanning tunnelling microscopy, we show that the excited spin state of these atoms persists for more than ten milliseconds. The lifetime can be tuned by varying the distance to the microscope probe tip—acting as one electrode—and by changing the thickness of the insulating film which separates the atom from the underlying electrode. The cross-section for spin-flip scattering is so small that many thousands of electrons can probe the spin state projectively before it relaxes. Using all-electrical pump–probe spectroscopy, we measure the lifetime of the atom for different tip–atom distances and determine the intrinsic lifetime as a function of the insulator thickness. We explain the tuning of the spin lifetime in terms of the conductance to each of the electrodes, which provides a method to maximize the electrical readout signal for a given lifetime.
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                    Figure 1: Spin-polarized readout of single-atom Fe spins on a surface.[image: ]


Figure 2: Control of the spin lifetime with STM tip proximity.[image: ]


Figure 3: Spin lifetime as a function of applied magnetic field.[image: ]


Figure 4: Tuning the substrate conductance and lifetime by film thickness.[image: ]
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