
Laser-combined STM on nano-structured materials and devices 
 

Hidemi Shigekawa  
 

Faculty of Pure and Applied Sciences, University of Tsukuba, Tsukuba 305-8571, Japan 
 

We have been developing a microscopy technique that simultaneously realizes the spatial 
resolution of scanning tunneling microscopy (STM) and the temporal resolution of ultrashort-
pulse laser technology, optical pump-probe (OPP) method [1-7]. The combination of STM with 
optical technology has advantages to enable the analysis of photo-induced dynamics on the 
nanoscale as well as the realization of ultrafast time-resolved microscopy. In OPP-STM, a non-
equilibrium carrier distribution is generated using ultrashort laser pulses and its relaxation 
processes are probed by STM using the OPP method realized in STM. By combining the 
microscopy with atom tracking technique, even a single-atomic-level analysis of the carrier 
dynamics has become possible [5-7]. Furthermore, with the development of a new modulation 
technique of circularly polarized light, detection of spin dynamics has been realized. The 
relaxation of spins optically oriented in single quantum wells formed by GaAs/AlGaAs was 
observed independently. Furthermore, spin precession in GaAs under magnetic field was 
successfully probed using tunneling current by the time-resolved STM. 

Details will be discussed with the recent results at the conference. 
 
References: 
[1] Y. Terada, S. Yoshida, O. Takeuchi, and H. Shigekawa: Nat. Photonics 4 (2010) 869. 
[2] Y. Terada, S. Yoshida, O. Takeuchi, and H. Shigekawa: J. Phys.: Condensed Matter 22 

(2010) 264008. 
[3] S. Yoshida, Y. Terada, R. Oshima, O. Takeuchi, and H. Shigekawa: Nanoscale 4 (2012) 757. 
[4] S. Yoshida, M. Yokota, O. Takeuchi, Y. Mera, and H. Shigekawa: Appl. Phys. Exp. 6, (2013) 

016601. 
[5] S. Yoshida, M. Yokota, O. Takeuchi, H. Oigawa, Y. Mera, and H. Shigekawa: Appl. Phys. 

Exp. 6, (2013) 032401. 
[6] S. Yoshida, Y. Terada, M. Yokota, O. Takeuchi, H. Oigawa, and H. Shigekawa: The 

European Physical Journal Special Topics 222, 1161-1175 (2013). 
[7] M. Yokota, S. Yoshida, Y. Mera, O. Takeuchi, H. Oigawa, and H. Shigekawa, Nanoscale, 

2013, 5, 9170-9175 (2013). 
 
http://dora.bk.tsukuba.ac.jp/, e-mail: hidemi@ims.tsukuba.ac.jp 
 


