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Scanning transmission electron microscope (STEM) equipped with an aberration corrector enables us to 
investigate the elemental analysis at atomic scale by electron energy loss spectroscopy (EELS) since the 
technology of the spherical aberration correction has improved the spatial resolution of the transmission 
electron microscope. [1, 2] Moreover, by installing a monochromated electron source to an aberration 
corrected electron microscope, the detailed electronic state analysis with the atomic resolution can be 
revealed with the better energy resolution. As shown in figure 1, we have developed an analytical 
electron microscope equipped with a monochromator (JEM-2400FCS), which is based on JEM-
ARM200F equipped with a hexapole type spherical aberration corrector for STEM (CEOS GmbH) and a 
high resolution spectrometer of TridiemERS (GATAN Inc.). 
The developed monochromator, located between the extraction anode of the ZrO/W emitter and the 
accelerator, consists of two Wien-filters and an energy selection slit inserted between two filters. The 
width of the slit is selectable by the mechanical movement. This configuration is similar to the previous 
design. [3] The first Wien-filter produces a spectrum of the electron source at the slit with an energy-
dispersion. After the energy selection by the slit, the second Wien-filter cancels the energy-dispersion 
and produces an achromatic and stigmatic focus at the exit of the monochromator. Due to this 
achromatic and stigmatic focus, the roundly symmetrical probe is produced on the specimen plane. The 
electro-static round lens of the accelerator is designed to optimize not only 200 kV but also 60 kV 
operations. Figure 2 shows the relatively normalized intensity profiles of the zero-loss peaks for the 
several widths of the slits obtained with a 0.1 seconds acquisition at 200 kV. The energy resolution of 36 
meV was obtained with a 0.1 seconds acquisition using the slit of 0.25 . 
We tested the EELS map in the low-loss region on a TiO2 (rutile) specimen obtained with a 146 meV 
energy spread, a 112 pA probe current, a 37.5 mrad convergent angle and a 0.05 seconds acquisition in 
each pixel. Figure 3(a) shows the ADF signal image and Fig.3(b) shows the extracted low-loss spectra 
from the each rectangle area in Fig.3(a). Figure 3(c) show the EELS maps obtained with a 0.14 eV 
energy window from 9 energy regions, which have differences of the intensity distribution. Especially, 
in 6 maps of energy-loss of less than 6 eV, the surface plasmon signal was detected from not only the 
surface area but the vacuum area beyond the edge of the specimen. These plasmon maps show the one 
of the advantages of a monochromator, which enables us to detect a clear low-loss spectrum without any 
deconvolution processings due to the sharp drop of the intensity distribution of the zero-loss peak.  
The detailed results of the basic performance tests obtained at the accelerating voltage of 200 kV and 60 
kV will be reported at the meeting, 
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Figure 1.The appearance of JEM-ARM200F equipped with a monochromator (JEM-2400FCS) 

 
Figure 2. Relatively normalized intensity profiles of zero-loss peaks for the slit of 

0.25 , 0.5 and 1  obtained with 0.1 seconds acquisition at 200 kV 

 
Figure 3.  (a) ADF signal image of TiO2 taken at 200kV with an energy spread of 146meV 

(b) Extracted low-loss spectra integrated from each rectangle area in Fig.3(a) 
(c) EELS maps obtained with a 0.14 eV energy window from 9 energy regions  
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(c) EELS maps
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