EL PSS v oy
B FIRMRHAEEARN

W BEEC Y

A JEZ

Introduction to Transmission Electron Microscopy
Harushige Tsubakino and Atsushi Yamamoto

Synopsis: A transmission electron microscope (TEM) is a useful tool for materials scientists because a clear image in high

magnification can be obtained and composition in a nano-scale region can be analyzed. However, it seems

difficult to operate a TEM. The aim of present paper is to explain elemental functions of a TEM and elemental

operations for observing microstructures. An introduction of the roles of lenses and apertures is outlined to
observe the TEM images. lllumination conditions to take a bright field, dark field and also high resolution
transmission electron microscopic (HRTEM) images are explained. Energy dispersive X-ray analysis (EDX) is

briefly mentioned.

Key words: transmission electron microscope; bright field image; dark field image; high resolution electron microscopy; energy

dispersive X-ray analysis.
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Fig.1. Ray path in a transmission electron microscope.
(a) :microscopy condition, (b) :diffraction condition.
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Fig.2. Change in TEM images depending on size of condenser
aperture.
(a) :400, (b) :200, (c) :20 um in diameter.
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Fig.3. Optical micrograph of the Fe-0.19C-2.30Mo (mass%)
steel austenitized at 1523 K for 1.8 ks and then isothermally
transformed at 883 K for 72 ks.
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Fig.4. Transmission electron micrographs of the same specimen as Fig. 3.
(a) diffraction pattern, (b) :bright field image,
(c) :dark field image of Mo,C and  (d) :dark field image of MsC.
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Fig. 5. Change in TEM images depending on size of objective aperture.
(a) :20, (b) :120um in diameter and (c) :without an objective aperture.
(d) , (e) and (f) :schematic illustrations of objective aperture (open circle) and diffraction pattern
(solid circle) for (a) , (b) and (c) ,respectively.
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Fig. 6.Dark field images taken with a diffracted spot centered to
an optical axis (a) and not centered to an optical axis
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Fig. 7. An example of Kikuchi lines.
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Fig. 8. TEM images of dislocations taken with just two—beam
condition (a) and slightly off two—beam condition (b) .
Solid lines indicate the positions of Kikuchi lines.
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Fig.9. Convergent beam electron diffraction
of Pb for estimating the specimen thickness.
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Fig.11. Change in shape of incident beam without correction of astigmatism of a condenser lens: (a) , (b) and (c) .
(e) and (f)

After correction of astigmatism: (d) ,

Fig.12. A high resolution electron micrograph of La, g5Srg 1sCuQ, irradiated with '36Xe3'* ions accelerated at 3.5 GeV.

The arrows indicate amorphous regions formed by irradiation.
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Fig.13. Schematic illustration of EDX analysis.
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Fig. 14. EDX spectrum of Ti-10V-2Fe-3Al alloy.
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