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Studies in ultra low voltage condition have been reporting the interesting phenomena such as the 
mismatch of the proportional relationship between the image contrast and the atomic number[1], the 
possibility that the information source size of BSE is shallower than that of SE[2], some of which don’t 
follow the general logic to interpret the SEM image based on the traditional SEM principles.  
 
In the study, we set our motivation to consider the mechanism to explain such an interesting phenomena 
particularly happened at the ultra low voltage situation.  At first we gathered a set of SE and BSE images 
simultaneously at ultra low voltage condition from various kinds of specimen.  Second, we compared 
the SE and BSE image to investigate the difference.  A simulation results by CASINO [3] was also 
applied for the theoretical consideration.  In the study the recent cold FE-SEM (Hitachi SU8000) is used. 
The SEM is offering the SE/BSE filtering capability even at ultra low voltage condition as shown in 
Fig.1.   
 
Fig.2 shows SE and BSE imaging of the Poly Si surface at the landing voltage of 100V.  In SE image, 
distribution of the residue is clearly confirmed as a dark colored contrast, which is accomplished by the 
static potential detection with high sensitivity.  In BSE image, approximately 1nm height topographic 
information was enhanced so that the fine surface morphology both on Poly Si surface and the residue 
were clearly observed. 
 
Fig.3 shows the electron scattering simulation results on Si substrate by landing voltage of 100V.  BSE scattering depth 
was around 0.9nm, which imply the spatial resolution for Z direction, was less than 1nm at 100V BSE signal.  In case 
PE scattering region is extremely shallow like as imaging by the landing voltage of 100V, all SE is emitted without any 
loss. SE will be emitted from almost the entire PE scattering region so that its information source is likely to be deeper 
than BSE.  Nevertheless, the SE image at ultra low voltage condition has the topmost surface information due to 
keeping the extremely shallower PE scattering region than conventional SE imaging condition.  
 
We also report the our examination results to acquire the spatial resolution of SE and BSE.  
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Fig.1 SE/BSE filtering function in SU8000 FE-SEM 

Fig.2 SE and BSE imaging of the Poly Si surface at the landing voltage of 100V 
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Fig.3 Electron scattering simulation results by CASINO 
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