







    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]
                            
                        
                    
                    

                    
                    	
                            
                                View all journals
                            
                        
	
                            
                                Search
                            
                        
	
                            
                                Log in
                            
                        


                

            

        

        
            
                
                    
                        	
                                    
                                        Explore content
                                    
                                
	
                                    
                                        About the journal
                                    
                                
	
                                        
                                            Publish with us
                                        
                                    
	
                                    
                                        Subscribe
                                    
                                


                        	
                                    
                                        Sign up for alerts
                                    
                                
	
                                    
                                            RSS feed
                                    
                                


                    

                

            

        
    


    
    
        
            
                	nature



	letters

	
                                    article


    
        
        
            
            
                
                    	Letter
	Published: 25 September 2003



                    Microwave oscillations of a nanomagnet driven by a spin-polarized current

                    	S. I. Kiselev1Â na1, 
	J. C. Sankey1Â na1, 
	I. N. Krivorotov1, 
	N. C. Emley1, 
	R. J. Schoelkopf2, 
	R. A. Buhrman1 & 
	â€¦
	D. C. Ralph1Â 

Show authors

                    

                    
                        
    Nature

                        volumeÂ 425,Â pages 380â€“383 (2003)Cite this article
                    

                    
        
            	
                        11k Accesses

                    
	
                        1786 Citations

                    
	
                            15 Altmetric

                        
	
                    Metrics details

                


        

    
                    
                

                
                
    
    

    
    

                
            


        
            Abstract
The recent discovery that a spin-polarized electrical current can apply a large torque to a ferromagnet, through direct transfer of spin angular momentum, offers the possibility of manipulating magnetic-device elements without applying cumbersome magnetic fields1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16. However, a central question remains unresolved: what type of magnetic motions can be generated by this torque? Theory predicts that spin transfer may be able to drive a nanomagnet into types of oscillatory magnetic modes not attainable with magnetic fields alone1,2,3, but existing measurement techniques have provided only indirect evidence for dynamical states4,6,7,8,12,14,15,16. The nature of the possible motions has not been determined. Here we demonstrate a technique that allows direct electrical measurements of microwave-frequency dynamics in individual nanomagnets, propelled by a d.c. spin-polarized current. We show that spin transfer can produce several different types of magnetic excitation. Although there is no mechanical motion, a simple magnetic-multilayer structure acts like a nanoscale motor; it converts energy from a d.c. electrical current into high-frequency magnetic rotations that might be applied in new devices including microwave sources and resonators.
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                    Figure 1: Resistance and microwave data for sample 1.[image: ]


Figure 2: Resistance and microwave data for sample 2.[image: ]


Figure 3: Results of numerical solution of the Landauâ€“Lifshitzâ€“Gilbert equation for a single-domain nanomagnet at zero temperature.[image: ]
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