







    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



	articles

	
                                    article


    
        
        
            
            
                
                    	Article
	Published: 12 October 2022



                    Control of chiral orbital currents in a colossal magnetoresistance material

                    	Yu Zhang1, 
	Yifei Ni1, 
	Hengdi ZhaoÂ 
            ORCID: orcid.org/0000-0003-4606-63231, 
	Sami HakaniÂ 
            ORCID: orcid.org/0000-0002-1370-42052, 
	Feng YeÂ 
            ORCID: orcid.org/0000-0001-7477-46483, 
	Lance DeLongÂ 
            ORCID: orcid.org/0000-0003-2686-27364, 
	Itamar Kimchi2 & 
	â€¦
	Gang CaoÂ 
            ORCID: orcid.org/0000-0001-9779-430X1Â 

Show authors

                    

                    
                        
    Nature

                        volumeÂ 611,Â pages 467â€“472 (2022)Cite this article
                    

                    
        
            	
                        11k Accesses

                    
	
                        16 Citations

                    
	
                            198 Altmetric

                        
	
                    Metrics details

                


        

    
                    
                

                
    
        Subjects

        	Electronic properties and materials
	Information storage
	Magnetic properties and materials
	Phase transitions and critical phenomena


    


                
    
    

    
    

                
            


        
            Abstract
Colossal magnetoresistance (CMR) is an extraordinary enhancement of the electrical conductivity in the presence of a magnetic field. It is conventionally associated with a field-induced spin polarization that drastically reduces spin scattering and electric resistance. Ferrimagnetic Mn3Si2Te6 is an intriguing exception to this rule: it exhibits a seven-order-of-magnitude reduction in ab plane resistivity that occurs only when a magnetic polarization is avoided1,2. Here, we report an exotic quantum state that is driven by ab plane chiral orbital currents (COC) flowing along edges of MnTe6 octahedra. The c axis orbital moments of ab plane COC couple to the ferrimagnetic Mn spins to drastically increase the ab plane conductivity (CMR) when an external magnetic field is aligned along the magnetic hard c axis. Consequently, COC-driven CMR is highly susceptible to small direct currents exceeding a critical threshold, and can induce a time-dependent, bistable switching that mimics a first-order â€˜melting transitionâ€™ that is a hallmark of the COC state. The demonstrated current-control of COC-enabled CMR offers a new paradigm for quantum technologies.
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                    Fig. 1: Physical properties in magnetic fields and phase diagram.[image: ]


Fig. 2: Response of physical properties to d.c. currents and magnetic fields.[image: ]


Fig. 3: a axis Iâ€“V characteristic.[image: ]


Fig. 4: Time-dependent bistable switching and the COC.[image: ]
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Extended data figures and tables

Extended Data Fig. 1 Resistivity at low temperatures for Mn3Si2Te6 and transport and magnetic properties for Mn3(Si1-xGex)2Te6, Mn3Si2(Te1-ySey)6.
a, The temperature dependence of the a-axis resistivity Ï�a at low temperatures (data in brown), and ln (Ï�a) versus Tâˆ’1 (data in blue). Note that Ï�a does not follow an activation law and or a simple power law at low temperatures. b, c, The magnetic field dependence of the a-axis magnetoresistance ratio defined by Ï�a(H)/Ï�a(0) (b) and the easy a-axis magnetization Ma (c) for Mn3(Si1-xGex)2Te6 (red), Mn3Si2(Te1-ySey)6 (blue) and undoped compound (black), respectively. Inset in b schematic illustration of the unit cell expansion and contraction due to Ge doping (red) and Se doping (blue), respectively.


Extended Data Fig. 2 Additional I-V characteristic.
a, Comparison of the I-V characteristic at H || a axis and H || c axis: the a-axis I-V characteristic at 10â€‰K for Hâ€‰=â€‰0 (red), Î¼oHâ€‰=â€‰14â€‰T along the a axis (green) and the c axis (blue). Note thatÂ the regime where Î”V/Î”Iâ€‰=â€‰0 emerges only when H || c axis. b, The I-V characteristic at Î¼oH||câ€‰=â€‰14â€‰T for various temperatures. Note the regime Î”V/Î”Iâ€‰=â€‰0 persists up to 70â€‰K. c, The I-V characteristic at I || c axis for various temperatures. Note that the I-V characteristic is qualitatively similar to that for I || a axis but the first-order switching at IC is weaker.


Extended Data Fig. 3 Additional time-dependent bistable switching data.
a, Time-dependent bistable switching at 10â€‰K with 1,800â€‰s elapsed. b, Time-dependent bistable switching at 50â€‰K and Î¼oH||câ€‰=â€‰14â€‰T. c, d, Time-dependent bistable switching for I || c axis at 10â€‰K for Hâ€‰=â€‰0 (c) and Î¼oHâ€‰=â€‰14â€‰T (d).


Extended Data Fig. 4 Chiral orbital current parameters of Î¨a in the Mn1 (a) and Mn2 (b) planes.
a, Three independent currents (orange, purple, and cerulean) run along Te-Te bonds in the Mn1 plane and are symmetry allowed magnetic space group. b, Three more independent currents (cyan, magenta, and yellow) run along Te-Te bonds in the Mn2 plane. These currents are not linearly independent of the COC of Fig. 4g in the main text. The sum of the orange, purple, and cerulean COC in a gives rise to the difference of the red and blue COC of Fig. 4g in the main text. Moreover, the sum of the cyan, magenta, and yellow COC in b gives the difference of the blue and twice purple COC of Fig. 4g. Bonds with two arrows of the same colour indicate that the current magnitude is doubled on that edge. In total, the COC state is parametrized by eight independent loop currents.
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