Electric control of spin orientation in a semiconductor channel
Hyun Cheol Koo
Center for Spintronics, Korea Institute of Science and Technology, Seoul 02792, Korea
Semiconductor spintronics is very fascinating field because it offers various functionality to overcome the physical limitations of conventional electronics. The representative spin-based semiconductor device is spin-FET which consists of a two-dimensional electron channel with two ferromagnetic electrodes. The operation mechanism of spin-FET is the modulation of source-drain conductance controlled by gate voltage controlled Rashba effect. We demonstrate a spin injected transistor in a high mobility InAs quantum well channel, with the electrical transport of spin polarized electrons from the ferromagnetic electrode. An oscillatory channel conductance, as a function of gate voltage, is detected and fit to the original Datta-Das model. In addition to the Rashba effect, the spin Hall effect is also very compelling topic. We combine these two effects to demonstrate the ballistic spin Hall effect and the gate controlled spin precession. The spin Hall device consists of a ferromagnetic electrode as a spin injector, and InAs quantum well channel as a spin Hall detector. The spin polarized electrons injected from the ferromagnetic electrode have ballistic trajectories with coherent spin precession due to the Rashba field. We demonstrated the direct and inverse spin Hall voltages. From the multiple spin Hall devices, we obtained the spin Hall signal as a function of channel length. Also the gate-controlled spin Hall signal is shown in a single device of fixed length. We also demonstrate complementary spin transistors consisting of two types of devices, namely parallel and antiparallel spin transistors using Rashba channels and exchange-biased ferromagnetic electrodes.
