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Transmission Electron Microscope (TEM)
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Voltage : 80-200 kV

> HBRS%EE / Theoretical
resolution : 0.194 nm
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dispersive X-ray spectroscopy
(EDX)

Fig. 1 Ripples caused by the
difference in the magnitude of the
wave. Wavelength is (a) shorter
or (b) longer than size of the rock.
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Figure 1 TEM image of Au thin layer.
Accelerating voltage: 200kV.
Magnification: x1,000,000.
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Figure 2 (a) Electron diffraction patterns of (a) NaCl polycrystal (Fcc) and (b)
NaCl single crystal ([001] zone axis).

HARHE | Mechanism

SR e SR BT — ]
(Lump) ! (Electron gun) ‘;n!l

£HLUX

(Condenser lens)

(Specimen)
LU X
(Objective lens)
HIRRIREF Y
(Aperture)

LY X
(Objective lens)
LY X

¥7 (Intermediate lens) 9

BELUX
(Projector lens)
ERLUX
(Eyepiece lens)
_OBEIR
“(Fluorescent
Screen)

BEF R

(Diffraction pattern)

SRR R

(Optical microscope image)

BEUETEHBEL
(TEM image)

TEM can distinguish smaller objects down to atomic level, which is not
possible to observe by optical microscope, by using electron beam with
shorter wavelength than visible light.

Electron beams are flows of electrons generated in the vacuum by
heating or by applying a strong electric field to a fine filament, and have
the nature of a “wave”, with a wavelength shorter than that of visible light.
The nature of this “wave” may be easily understood by comparing it to
the wave pattern arising when a small stone is thrown into a lake.
Assume the waves on the water surface come into contact with a rock
protruding above the surface. If the rock is larger than the length between
the crests of the waves (wavelength), then the wave pattern does not
continue behind the rock (Fig,1). This creates a shadow. If the rock is
smaller than the wavelength, however, the wave pattern will not be
interrupted behind the rock and there is no shadow. In this case, the
existence of the rock cannot be detected. Whereas the wavelength of
visible light is 400 to 800 nm (1 nanometer is one millionth of 1mm), the
wavelength of the electron beam is about 0.0037 nm (100 kV) to 0.0025
nm (200 kV). This wavelength is far shorter than that of light, and
sufficient to distinguish the arrangements of atoms (subnanometer level).

Furthermore, the obtained electron diffraction pattern can also reveal
the arrangement of molecules and atoms in a crystalline specimen.

https://www.jeol.co.jp/science/em.html

Figure 3 EDS spectrum of Ru-Sn
catalyst grafted on TiO2.
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