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Cherenkov light is produced when a highly accelerating electron passes through a high-refractive index 
material. In case of thin specimen, the light is confined in the specimen by the reflection at the 
boundaries with vacuum. And, the light creates standing waves along the electron beam traveling 
direction (z-direction) and propagates in-plane (xy-plane) of the specimen. This phenomenon has been 
understood as optical waveguide mode coupled with Cherenkov radiation [1, 2]. Incident electrons lose 
energy by the interaction with the in-plane component of the light, so that several peaks can be found in 
electron energy-loss spectra (EELS) in low-loss energy region. But, the standing waves along the z-
direction or the in-plane propagation of the light cannot be experimentally observed. Therefore, it has 
been difficult to instinctively understand the principle of waveguide mode. 
 
In this study, we tried to create not only z-direction but also in-plane standing waves, in order to detect 
them experimentally. For this purpose, we intentionally used the fine rugged pattern with several tenths 
to hundreds of nanometers at the surface of Si substrate contacted with SiO2 dielectrics. We observed 
such a structure in a scanning-TEM (STEM) operated at 120 kV from the cross-sectional view as shown 
in Fig. 1(a). Here, we used the Cathodoluminescence (CL) spectroscopy instead of EELS because the 
energy resolution of CL is better than that of EELS. CL spectra were collected by the spectrum-imaging 
method in a STEM. CL intensity maps at several emission wavelengths in Fig. 1(b) showed periodic 
spatial distributions. We considered that the incident electrons lose energy by the interaction with z-
component of the electric field of the in-plane standing waves and the lost energy was emitted to outside 
as optical light. Therefore, the spatial distribution of electric field amplitude of the in-plane standing 
waves in the sample would be visualized by the CL signal-intensity modulation. We also considered that 
the in-plane standing waves were created by the reflection at the boundaries between Si and SiO2 
dielectrics in the fine pattern. This corresponds to the experimental results that the spatial distribution of 
the CL signal can be clearly found in the region near the fine pattern at the surface of Si substrate. In 
addition, inside the fine pattern, horizontal and vertical standing waves are overlapped, so that lattice-
like patterns are observed in CL maps in Fig. 1(b). 
 
We also tried to retrieve the dispersion relation of the in-plane standing waves. The wavelengths of the 
standing waves were determined by doubling the distance between antinodes in CL maps. As shown in 
Fig. 2, the emission energy increase with the wavenumber of the in-plane standing wave and the 
dispersion lies under the light line. This tendency corresponds to the dispersion relation of waveguide 
mode coupled with Cherenkov radiation in Si slab reported in previous study [2]. Therefore, we 
considered that conventional waveguide mode in Si slab created in-plane standing waves by the sample 
structure such as the fine rugged pattern in Si. We believe that our findings help the understanding of 
waveguide mode in nanometer order small structures. 
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Figure 1.  (a) BF (Bright Field)-STEM image of the specimen. Si substrate has fine patterns at the 
surface, and is contacted with SiO2 dielectrics. (b) CL intensity maps at specific emission wavelengths. 
 
 

 
 
Figure 2.  Dispersion relation of the in-plane standing waves obtained by the STEM-CL spectrum-
imaging as shown in Fig. 1(b). 


