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The quality of images of an electron optical system is dominated by the performance of an objective
lens. This is because the angle spread of an electron beam becomes largest in an object plane. In
electron spectroscopy with imaging, image intensity often has priority over spatial resolution, and
then the image quality is determined by the spherical aberration of an objective lens. In this
chapter, the imaging process for incoherent illumination under the influence of spherical aberration

is discussed. Evaluation of such optical systems using the theory of spatial-frequency response is

also described.
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Fig. 1: A lens system consisting of an objective lens (OL) and projective lens (PL).
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Fig. 2: Three types of electrostatic objective lens: (a) retardation-type einzel lens; (b) accerelation-type einzel lens;
(c) cathode lens. The spatial resolution d is assessed by the geometric mean of the diffraction aberration dp, spherical

aberration dg, and chromatic aberration dc.
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Fig. 3: Three types of magnetic objective lens: (a) inlens type; (b) semi-inlens type; (c) cathode lens with a magnetic

field for fucusing.
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Fig. 5: Contrast o = b/a of the image diminishes as the

width of the stripes on the object plane is made smaller.
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Fig. 6: The quality of an image is affected by the trans-
fer ratio of the Fourier components of an object. Image
(a) containes higher-order harmonics correctly as com-
pared with image (b). On the other hand, image (c) is
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Fig. 7: Variations in the point spread function PSF of the lens with spherical aberration according to the amount of

defocus Af.
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Fig. 8: Calculated images when an aperture angle «, is made larger than the optimum value with regard to spatial

resolution.
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Fig. 9: Variations in the PSF, image, and CTF for the lens with spherical aberrarion: (a) o, = 100 mrad; (b)
o, = 150 mrad.
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(a) Circle of least confusion (b) Gaussian image plane

Fig. 10: Determination of edge resolution Rg by scanning PSFs on the half-plane object.
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Fig. 11: Edge resolution Rg as a function of the aperture angle .
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