
V NL 

I 

V G 

F1 

F2 

J. E. Scheerder1, B. Raes2, M.V. Costache 2, F. Bonell 2, J. F. Sierra 2, J. Cuppens 2, S.O. Valenzuela2,3, J. Van de Vondel1 
. 

1 INPAC - Institute for Nanoscale Physics and Chemistry, Department of Physics and Astronomy, KU Leuven, Celestijnenlaan 200D, B-3001 Leuven, Belgium  
 2 Catalan Institute Nanoscience and Nanotechnology (ICN2), CSIC and The Barcelona Institute of Science and Technology, Campus UAB, Bellaterra, 08193 Barcelona, Spain 

3 
 Institució Catalana de Recerca i Estudis Avançats (ICREA), 08070 Barcelona, Spain 

  

 

 

 

Institute for Nanoscale Physics and Chemistry 

  
KU Leuven 

Jeroen Scheerder 

Celestijnenlaan 200D 

B-3001 Leuven 

Belgium 

Phone: +32  (0)16 37 94 86 

E-mail: Jeroen.Scheerder@fys.kuleuven.be 

References: 
[1] W. Han et al, Nature Nanotech. 9, 794 (2014)              

[2] N. Tombros et al, Phys. Rev. Let. 101, 046601 (2008) and 

      M.H.D. Guimarães et al, Phys. Rev. Let. 112, 086602 (2014) 

[3] B. Raes, J.E. Scheerder, M.V. Costache, F. Bonell, J.F. Sierra, J. Cuppens,               

.     J. Van de Vondel, S.O. Valenzuela,  Nat. Commun. 7, 11444 (2016)  

        

  

J.E.S. And J.V.d.V. acknowledge funding from the Methusalem Funding of the Flemish Government, the Research Foundation-Flanders (FWO) 

and KU Leuven grant CREA 14/011. This research was partially supported by the European Research Council under Grant Agreement No. 308023 

SPINBOUND, by the Spanish Ministry of Economy and Competitiveness, MINECO, and by the Secretariat for Universities and Research, 

Knowledge Department of the Generalitat de Catalunya. M.V.C., J.F.S. and J.C. acknowledge support from the Ramo´n y Cajal, Juan de la Cierva 

and Beatriu de Pino´s programs, respectively. F.B. acknowledges funding from the People Programme (Marie Curie Actions) of the European 

Union’s Seventh Framework Programme FP7/2007-2013. The authors thank D. Torres for his help in developing several figures. 

Spintronics make use of the spin degree of freedom of the electron in addition to (or instead of) its charge. Graphene, a true two-dimensional material consisting of a hexagonal 

lattice of carbon atoms, presents itself as an excellent material to transport spin currents since it exhibits long spin lifetimes. However, the main microscopic mechanisms for spin 

relaxation in graphene, which limit the spin lifetime, remain elusive. A key property to solve this puzzle is the spin lifetime anisotropy z, which is the ratio of the in-plane and out-of-

plane spin lifetimes [1]. In previous reports [2], the spin lifetime anisotropy has been determined by spin transport measurements with large magnetic fields (>1T) applied perpendicular 

to the graphene plane, rendering it useless at low carrier densities. With the use of non-local lateral spinvalves (NLSV), we demonstrate a conceptually new approach to extract z  by 

performing spin precession measurement at low fields (~ 0.1T) [3], overcoming the aforementioned limitation. 
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Conclusions and outlook 
 The spin lifetime anisotropy z is important to unravel the spin relaxation mechanisms in 

graphene, and other 2D materials in general. 

 We demonstrated a reliable approach to determine z using spin precession 

measurements. In our samples we find z ~ 1, hinting to 𝐵𝑆𝑂 due to random impurities. 

 Further implementation of this method in other samples (e.g. other graphene sources, 

different substrates, heterostructures, adatoms,…) leads to a better understanding and 

better controllability of spin-orbit fields and spin relaxation in graphene.  
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NLSV : Operating principle 

Graphene spintronics 
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 The (local) conductivity measurement 

allows to extract carrier mobility: 
. 

 e = (1.12 ± 0.03) ∙ 104  cm2/ (Vs) 

 h = (1.35 ± 0.01) ∙ 104  cm2/ (Vs) 

 

Graphene 

Spin precession 

  Hanle effect: 

flipping the ferromagnets  

  spinvalve effect: 

V G 
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  Ferromagnetic nanowires (F)  

  with magnetic moment M :  
           spin injector and detector 

  

  Graphene: 

               spin transport channel F1 
F2 

 Why graphene?  

   o tunable system 

o large spin diffusion lifetimes 

   

 𝜆𝑠= 𝐷𝑠𝜏𝑠 

Spin relaxation 

Spin-orbit fields 𝐵𝑆𝑂  

  

𝜏𝑠∥ 𝜏𝑠⊥ 

𝒔 

!    Lower than predicted by theory 

!    Dominant spin relaxation mechanism unknown 

   

𝝉𝒔 (𝑬𝑺𝑶) 𝑬𝑺𝑶 = −𝒈𝝁𝑩𝒔·𝑩𝑺𝑶 

Oblique Hanle effect to extract z 

 Experimental procedure: 

   1. Extract 𝜏𝑠∥ via conventional  

Hanle measurements 

2. Oblique Hanle measurements 

to extract z as single fit parameter 
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 Spin lifetime anisotropy: 

 

  
provides valuable information on 𝑩𝑺𝑶   
 

  


