
Dopant Distribution Observation with SEM and SNDM 

Instruments: Environment control AFM AFM5300E, Ultra-high resolution FE-SEM SU9000 

The dopant distribution of a semiconductor device can be observed with SEM from the low-energy secondary electron contrast image reflecting the surface 
potential. We already observed an epitaxial impurity sample with concentration steps (1013/cm3 ～1016/cm3) with SEM and scanning nonlinear dielectric 
microscopy (SNDM) and reported a strong correlation between both observation results.[2] It is well known that the resolution and the stability of dopant 
observations with SSRM have improved, but also the performance of SNDM observations in a vacuum improved compared to in an atmospheric surrounding. The 
observation of low concentrations of 1013/cm3 ～1014/cm3 and high accurate C-V curve could be realized with SNDM.[3, 4]  

  

 This data sheet presents the two dimensional dopant distribution of a SiC MOS FET cross-section observes with SEM and SNDM in a vacuum. 
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Figure 1: (a) FE-SEM instrument (b, c) SEM and SNDM observation of a SiC MOS FET cross-section (d) AFM instrument 
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In figure 1, the observation results of a SiC Power MOS FET cross-section with SU9000 and AFM5300E 
are shown. Both dopant (carrier) concentration distribution images correspond to the device structure. 
The difference between the n+ layer of the SiC substrate and the epitaxial n- layer can be indicated in 
the SEM image but in the SNDM image this contrast becomes even clearer. 

 

 Figure 2 shows the SEM-SNDM overlay image in the vicinity of the pn junction. Due to the 
prevalence of low acceleration voltage SEM, applications about the visualization of dopant domains 
are underway. However, SNDM can acquire a clear concentration distribution with high sensitivity as 
well as a distinction between p-type and n-type dopants. 

Results 

Due to the advantage of SEM in high-speed observations of large areas, it can be used to screen 
the sample before the relatively time-consuming SNDM observation or to confirm the device 
structure of the ion-milled cross-section. Afterwards a more detailed analysis of the desired area, 
such as the p-type/n-type evaluations, ∂C/∂V-V curve and C-V curve measurements can be done 
with SNDM. 

 

※ We would like to express our sincere gratitude to Prof. Yasuo Cho of Research Institute of 
Electrical Communication at Tohoku University (the inventor of SNDM) for his guidance to develop 
the SNDM product. 

Summary 

Figure 2: FE-SEM/SNDM observation results of a 
SiC MOS FET (SEM-SNDM overlay image) 
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