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Magnetometry having both high magnetic field sensitivity (energy resolution) and 

nanoscale spatial resolution has been of great interest and an important goal for applications 

in diverse fields covering physics, chemistry, material science, and biomedical science. The 

scanning tunneling microscope (STM) has been one of the most versatile tools for atomic-

scale imaging, manipulation, and tunneling spectroscopy.  

Here, we successfully combine electron spin resonance (ESR) and STM, coherently 

driving spin resonance of individual iron (Fe) atoms on surfaces (MgO/Ag(100)) [1]. A 

radio-frequency electric field (~20 GHz), applied at the tunneling junction, modulates the 

spin state of the Fe atoms. The spin resonance signal is detected by a spin-polarized 

tunneling current. The ESR signals from individual Fe atoms differ by a few GHz (~10 

μeV) while the ESR linewidth is in the range of only a few MHz (~10 neV). Such a high 

energy resolution enables us to distinguish spin distributions down to single-atom level and 

to investigate weak magnetic interactions. 

When we placed two Fe atoms close together with controlled atom manipulation, 

we found that the ESR signal from each Fe atom splits into doublet, of which separation 

depends on the distance between two atoms. Our measurements show r 
-3.01±0.04

 distance-

dependent splitting, in excellent agreement of magnetic dipole-dipole interaction. We 

utilized this precisely measured dipolar interaction to determine the location and magnetic 

moment of unknown spin centers with sub-nanometer and one hundredth of Bohr magneton 

precision [2].  

Our ESR-STM may promise the STM as a new and unique platform for a quantum 

sensor, investigating spin-labeled molecular structures and a quantum information 

processor, modeling quantum magnetism. We gratefully acknowledge financial support 

from the IBM and Office of Naval Research.  
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