
Electrical control of spin Hall effect in proximitized graphene 

The integration of spintronic devices into existing electronic technology will strongly depend on the all-

electrical control of spin currents, with a crucial role being played by the interconversion between charge 

currents and spin currents. We observed this interconversion due to the spin Hall effect in graphene 

proximitized with WSe2. For this important milestone in 2D spintronics, it was necessary to carefully design 

a device that allows the measurement of the spin signal without contributions of the charge currents. This 

can be shown due to the oscillation of the signal in a magnetic field that is observable up to room 

temperature. The necessary fabrication steps are exfoliation of the graphene and the WSe2 flakes, 

deterministic transfer of the heterostructure, patterning with electron-beam lithography and reactive ion 

etching and the electrical contacting with Au and the ferromagnetic Co for spin injection via thermal and 

electron-beam deposition in ultra-high vacuum. Importantly, the spin signal can be amplified and turned 

off by an applied back-gate voltage. The amplified signal shows a record-high efficiency conversion at low 

temperatures and persists up to room temperature. The quantification of all spin-to-charge conversion 

parameters is possible due to thorough analysis of the spin transport in a pristine graphene reference. 

Several control experiments were conducted in the device: The injection of the spin current from the right 

and the left, the measurement of anisotropic spin transport across the proximitized region and the 

observation of the direct spin Hall effect, where an applied charge current leads to a measurable spin 

current. The exceptional properties of two-dimensional materials and the ability to combine them in van 

der Waals heterostructures makes them a promising material system that could bridge the gap between 

academia and industry for spintronics in the future.  

 

Figure 1: Image of the graphene/WSe2 heterostructure with Au/Ti contacts (A-D) for electrical measurements and Co/TiOx 
electrodes (1-3) for spin injection and detection. 
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