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It is known [1] that the resolution of the electron microscope is theoretically limited by large 

aberrations inherent to electronic lenses with rotational symmetry. The presence of these aberrations 

makes it necessary to strictly limit the size of the aperture diaphragm, which in turn leads to a sharp 

increase in the effects of diffraction scattering of the electronic image. Therefore, one of the most 

important problems of modern electron microscopy with high and ultrahigh resolution is correction of the 

main types of axial aberrations of electronic lenses - third order spherical and second order axial chromatic 

aberrations. To date, significant progress has been made in the development of various types of aberration 

correctors that allow simultaneous elimination of spherical and chromatic aberrations of an objective lens 

[2 – 8]. However, the use of such correctors significantly complicates the electron-optical scheme of the 

lens, which in addition to the objective lens itself, should include additional elements - electron mirrors, 

multipole lenses, magnetic deflectors and other elements. Meanwhile, as shown in [9], under some 

conditions in electron mirrors the coefficients of spherical and (or) axial chromatic aberration can be equal 

to zero. In principle, such mirrors can be used as the objective of an electron microscope. 

Figure 1 shows the electron-optical scheme of a transmission electron microscope with a mirror 

lens [9]. The optical axis of the mirror coincides with the optical axis of the electron microscope. To 

achieve high magnifications, the object plane is located close to the focal plane of the mirror. The electron 

microscope works on the principle of forming an image in a dark field. The electron beam 2 formed by 

the lighting system 1 falls on the object under study located on the table of objects 3 at an angle to the 

main optical axis of the microscope. With the appropriate choice of the specified angle, only those 

electrons will pass through the aperture diaphragm 6, which, due to interaction with the object, deviated 

from their original path. The other part of the electrons that have not experienced interaction with the 

object will be delayed by this diaphragm. The electrons 4 deviated from the initial path reflected from the 

electrostatic electron mirror - objective 5, will create an enlarged image of the object corrected from 

aberrations on the intermediate screen 7. Further, the observation and image registration devices 8 will 

create an enlarged image of this intermediate image in the plane of the screen 9. 

Calculations of the geometric and electrical parameters of a three-electrode mirror lens providing 

a magnified image of an object (in the range from 10 to 50 times) with a simultaneous elimination of two 

main types of aberrations – third order spherical and aperture chromatic aberrations – were performed in 

the energy range up to 500 keV, with full account for relativistic effects. This result opens up a perspective 

of a qualitative increase in the resolving power of an electron microscope without significant complication 

of its design – by using an electron mirror free of basic aberrations as an objective. The performed 

calculations are aimed at solving some problems of electron imaging for modern high-resolution electron 

microscopy. 
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Figure 1. Scheme of electron microscope with a mirror lens 
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