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Surface Study Using Reflection High-energy Positron Diffraction
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Reflection high-energy positron diffraction (RHEPD) is a new surface analysis tool having a capability to determine
structure of adsorbed layers, surface Debye temperatures and metal dipole barriers with less disturbance from bulk. We
have constructed a positron beam apparatus for RHEPD experiments and succeeded in observing RHEPD patterns and
total reflection of positrons. In this article, we introduce the principle of RHEPD and some of its applications.
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Fig.1 Rocking curves of bulk-truncated Si(111) surface for
reflection high-energy positron diffraction (RHEPD)
and reflection high-energy electron diffraction
(RHEED) obtained by Ichimiya's dynamical calcula-
tion method. Incident positron and electron energy is
20 keV.
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Fig.2 Schematic representation of positron reflection at top-
most surface through a double potential and its effect
on RHEPD rocking curve.
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Fig. 3 RHEPD apparatus developed by authors.
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Fig.4 RHEPD pattern obtained from a hydrogen-terminated

Si(111) surface with a positron beam of which energy
is20 keV. Incident direction is[112] and glancing an-
gleis4°.
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Fig.5 RHEPD and RHEED rocking curves obtained from a
hydrogen-terminated Si(111) surface at [112] inci-
dence. Positron energy is 20 keV. Electron energy is
10 keV.
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Fig. 6 Infrared absorption spectrum obtained from a

hydrogen-terminated Si(111) surface.
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Fig. 7 Cadculated RHEPD rocking curves based on the fol-

lowing models (a) Missing Top Layer, (b) Bilayer
Roughness, and (c) Missing Top Layer & Roughness.
Bond length is fixed at that for an ideal crystal, e.g.,
2.350 for Si-Si.

0o0o00o0oooo0ooooooooooooooooo
O0o0o0oo0ss-HOODODDOOODODODOODOOOOO
0-SsH.O0000000000000000000000
goooooo0oo0ooo0ooo0$110o00000
gooooooooooooooboooooostMO
goooooooooboooooobooooobooooon
RHEPD OO OOOOOOOOOODOOOOOOODODO
oooooo

40s@oooi OO0 Onong

scOo0opoOopoooooooooooOoOooooog
gobooooooobooooooboooooboooon
goooooboooobooooooobooooobooooon
googoscooooooooooooooooooo
goooooboooobooooobooooooboooon
gooooooooobobooo scOdcoooooono
go0o0oooooofjoocoimoononononDo ool
00SO0000000000000000000M0 00010
gocooooooooobooo

o0obo0oooo scoooooooooooooo
gbooooooooobooooooobooooobooooon
JgooooooooobooooobooogoDOd KOH
goooooooooboooooooooooboooon
Fig.80aJ 0 ARMODOOOOODOODOODODODODOOO
sgooolD D OO0OO00OO0O0O0OO0O0ODOO0OOD

(a)As-received

(b)H, annealed

Fig. 8 Atomic force microscopy images from SiC(0001) sur-
faces (a) in as-received state and (b) after high tem-
perature hydrogen annealing at 14500 .
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Fig.9 Auger electron spectrum from SiC(0001) surface after
high temperature hydrogen annealing at 14500 .
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Fig. 10 RHEPD rocking curves obtained from SiC(0001)

surfaces () after high temperature hydrogen anneal-

ing at 145000 and (b) after sacrificial oxidation at

12000 for 4 hiin a dry oxygen ambient and subse-
quent dipping into HF (500 ) solution.
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Fig. 11 Schematic view of oxygen adsorbed SiC(0001) sur-
face.
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