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Image Formation Processes of LEEM and PEEM and Its Future Trend
Takanori KOSHIKAWA

Fundamental Electronics Research Institute, Academic Frontier Promotion Center, Osaka Electro-Communication University
18-8 Hatsu-cho, Neyagawa, Osaka 572-8530

(Received February 28, 2002)

Image formation processes of LEEM and PEEM are described in detail. This study is important in understanding the
surface processes by use of such microscopes. LEEM images can be understood by the diffraction and interference con-
trast. The latter can be classified into geometric phase and quantum size contrast. The LEED patterns that are obtained
with LEEM optics are different from those observed with the conventional LEED optics. This characteristic should be
taken into consideration in the analysis of LEED patternsin LEEM optics. The future trend in LEEM and PEEM is aso
described. Improvement of the lateral resolution is being made by adopting the mirror corrector and the new image

processing method.
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Fig. 1 Surfaceimaging methods with a cathode lens (Emission microscope).™
LEEM: Low energy electron microscope. PEEM: Photoelectron emis-
sion microscope. VPEEM: PEEM excited by UV light. CPEEM:
PEEM excited by X-ray or synchrotron radiation, this is called also
XPEEM. SEEM: Secondary electron emission microscope. AEEM:
Auger electron emission microscope. MEM: Mirror electron micro-
scope. SPLEEM: Spin-polarized electron microscope.
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Fig. 2 Low energy electron microscope (LEEM) and Photo-
electron emission microscope (PEEM).*”
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Fig.3 LEEM and PEEM with the energy filtering system.*”
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Fig.4 Contrast mechanism. (a, b) bright field, (c) dark field, (d, e) interfer-
ence contrast. (d) geometric phase contrast, (€) quantum size contrast.™
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Fig. 6 Specular reflectivity of W(110) and W(100) surfaces
at normal incidence.™”
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Fig. 7 LEEM step contrast model .**"
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Fig.9 LEEM images of monoatomic steps on the clean Mo(100). The imag-
ing energies (phase shift) are () EC 8.50 eV (¢ 1.50 «), (b) EC 23.5
eV (90249 r), (c) EO 34.0eV (¢ 0 3.00 ).
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Fig. 10 LEEM images of two and three ML Sb films on the Mo(001),

(@ 45eV, (b) 5.56V.1
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Fig. 11 Quantum size effect interference peaks for N atomic
layer thick Cu films on W(110): experimental (thick
line) and the calculation (thin line). The large feature
above 20 eV in the predicted curve is a Bragg peak
associated with the Cu film.*”
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Fig. 12 Schematic diagram of the LEED pattern formed on
the screen in the LEEM optics. The high voltage is
applied to the LEEM optics. The primary energy of
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Fig. 13 Theobserved angle 6 on the screen is shown by us-
ing the de Broglie equation. The primary electron is
perpendicular on the surface. The sin6 does not de-
pend on V.12 13-
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Fig. 14 Theobserved angle 6 on the screen is shown on the
inclined surface to the primary electron. The sin@
depends on Vo127 12
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