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The major research project in Center for Quantum Nanoscience (QNS) focus on quantum control 

and measurement of atoms and molecules on surfaces. Electron spin resonance (ERS) technique 

combined with scanning tunneling microscopy (STM) is a powerful and promising tool to measure 

spin state with extreme energy resolution at atomic scale. As a part of QNS, optics combined 

atomic force microscopic (AFM) team put an effort to instrument beyond ESR-STM measurement.  

Recently, optics combined STM measured electron dynamics with pico- and nano-second time 

resolution. In this poster, we will present our latest efforts in combining STM with optics. Our 

setup uses a fixed lens near the STM-tip inside the vacuum chamber to focus a laser beam into the 

tunnel junction. By adjusting the angle of incident of the light on the lens, using a motorized mirror 

mount outside of the chamber, we can precisely position the focused beam on the tip apex. In order 

to achieve time resolution, we want to perform optical pump probe experiments using pulsed laser. 

Instead of using mode locked femto-second laser, we will use a continuous wave laser and generate 

laser pulses using an electro optical modulator (EOM). Even though the time resolution is limited 

to 30ps, it holds greater flexibility in shape and sequence of the laser pulses. Furthermore, it allows 

for an easy implementation of advanced pump probe techniques such as shaken pulse pair 

excitation (SPPX).  

Moreover, even though ESR-STM was successfully applied to measure the resonance excitation 

of electron spins with extreme energy resolution, the linewidth and quantum coherence time was 

limited by tunneling currents, which interacts with target spins. Instead of using STM, AFM can 

be a candidate to increase quantum coherence time of atom and molecules, enabling to measure 

on insulating substrates. Magnetic exchange force microscopy (MExM), as an application of AFM, 

will provide the capability of measuring spin state at atomic scale using a spin polarized AFM 

force sensor. In our group, we are developing a low temperature charge amplifier to operate q-plus 

sensors with low noise specification. In the near future, we target to equip with the combination 

of all new techniques. We want to optimize and improve the measurement scheme by choosing 

the excitation and control method among electrical or optical pulses and the spin detection method 

among STM and AFM. 


