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Fig. 1 Reflection geometry for (a) out-of-plane, and (b) in-plane
surface X-ray diffraction. (c) Transmission geometry for
more time-effective and precise data acquisition. Gray circles
denote Ewald spheres. Diffraction conditions are satisfied
where either crystal truncation rods (CTRs) or fractional-
order rods (FORs) intersect the Ewald sphere.
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Fig. 2 Calculated intensity of crystal truncation rod (CTR) scatter-
ing from a simple cubic crystal with a surface. Blue curve is
CTR intensity from an ideal crystal that surface atoms are in
the same positions as they would be in the bulk. Solid curve
shows CTR intensity from a crystal in which the top layer is
relaxed inward by 7% . The results demonstrate that CTR is
sensitive to a surface structure.
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Intensity map of in-plane diffraction from a Si(111)-7 x7.
Fractional-order reflections are indicated by solid circles of
which area are proportional to the related structure factors.
Green circles denote integer-order reflections. An irreducible
area in symmetry is represented by blue lines. The inset
shows a typical rocking curve of the (6/7 0) in-plane reflec-
tion obtained in grazing incidence geometry. X-ray energy
used was 15 keV.
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Fig. 4 Transmission coefficient |7;|? versus incident angle o; near
the critical angle o,. T;=20;/ (04— ¢’), where o/2=0f—020.
The gray and solid lines represent the curves ideal and folded
by a rocking curve width of 0.05° on the assumption that the
critical angle is 0.3°, respectively.
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Fig. 5 Experimental setup of transmission X-ray diffraction for sur-
face. The photograph (courtesy of Dr. O. Sakata) shows the
ultra-high vacuum (UHV) chamber on the S4+ D2 diffrac-
tometer at BL13XU, SPring8.
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Fig. 6 (a) Thermal diffuse scattering (TDS) from a thick Si sub-
strate. (b) Photograph of a thin Si sample 10X 10 mm in
size, and ca. 5 um thick in the center. The SPring-8 logo can
be seen through the sample. (¢) Transmission X-ray diffrac-
tion pattern from a Si(111)—({3 X /3 )R30°~Ag with a thin
Si substrate. Fractional-order rod (FOR) scatterings
originating from the A/T X ﬁ surface reconstruction are
clearly observed in addition to crystal truncation rod (CTR)
scatterings by suppression of TDS. X-ray energy used was 30
keV.
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(a) SO0 ointeger (b)

Top view

Fig. 7 (a) Experimental in-plane intensity map of a Si(111)—-(3
X ﬁ )JR30°-Ag at room temperature® . Blue lines indicate
an irreducible unit. (b) Top view of the corresponding, so
called, ‘‘honeycomb-chained-triangle’” model®®. A fun-
damental lattice is denoted by green lines. (c) Reconstracted
image by an iterative approach from calculated complete in-
plane data including both integer-order and fractional-order
reflections. (d) Reconstracted image from the experimental
data shown in (a). The Ag atoms and the Si atoms of the se-
cond layer are clearly recognized. On the other hand, the
third layer Si atoms with only slight deviations from bulk in-
plane positions disappear because integer-order reflections
are not considered in the algorithm.
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The phase problem and perspectives of surface
X-ray diffraction

Hiroo TAJIRI

Japan Synchrotron Radiation Research Institute,

1-1-1, Kouto, Sayo-cho, Sayo-gun, Hyogo 679-5198, Japan

Toshio TAKAHASHI

Institute for Solid State Physics, University of Tokyo,

b-1-5, Kashiwanoha, Kashiwa-shi, Chiba 277-8581, Japan

Abstract The emergence of synchrotron radiation sources has accelerated the application of diffraction
techniques to surface sciences. Surface X-ray diffraction has become the state-of-the-art technique for deter-
mining ordered structures of atoms on crystal surfaces. We introduce surface X-ray diffraction briefly from the
historical point of view and describe the concept that not only determine constellation of surface atoms but

also view surface atoms as image. The progress in experimental and theoretical studies of surface X-ray
diffraction including crystallographic direct methods is reviewed.
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