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Fig. 1 A schematic drawing of crystal truncation rod.
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Fig.2 (a) X-ray optical layout of the simultaneous multi-
wavelength dispersive diffractometry. The white X-ray beam
from a synchrotron source is incident on the curved crystal in
transmission geometry, and the fan-shaped horizontally
converging multi-wavelength X-ray beam is produced. 0 is
the glancing angle of the convergent X-ray beam with respect
to the specimen surface. E;, Ec, and Ey are X-ray com-
ponents of the lowest, central, and highest energies, respec-
tively. The X-rays are scattered from the specimen with the
exit angle of 6. In the specular reflection geometry, since 6 is
almost independent of the X-ray energy, the CTR scattering
profile appears as the horizontal line on the two-dimensional
detector.
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Fig. 3 CTR scattering around the 002 Bragg point from the GaAs/AlAs superlattice grown on the GaAs(001) substrate,
measured with the present multi-wavelength dispersive diffractometry. (a)—(e) Scattering intensity pattern
recorded by the two-dimensional detector, where the energy scale of the X-rays is shown in (¢). Data collection
times were (a) 1000, (b) 100s, (c) 100s, (d) 1000 sec, and (e) 7000 s. The glancing angle was (a) 4.43°, (b)
5.60°, (c) 8.09°, (d) 9.08°, (e) 10.25°. The simultaneously covered g, range is (a) 1.12-1.59, (b) 1.41-2.01, (c)
2.04-2.90, (d) 2.29-3.25, (e) 2.58-3.66 in the reciprocal lattice unit (1/5.6533 A-1). (f) Reflectivity profile
(filled circles) obtained by connecting the reflectivity profiles along the center of the CTR represented as dashed
lines in (a)—(e). Reflectivity profile measured in the conventional angle scan mode with a monochromatic X-ray

beam is also shown as the solid line.
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Fig. 4 (Color online) CTR scattering around the 002 Bragg point
as measured in the multi-wavelength dispersive mode with
short data collection times, 100s, 10s, 1's, 0.1 s, and 0.01 s.
The curves for 10s, 1 s, 0.1 s, and 0.01 s are vertically shifted
by 3, 6, and 9 order of magnitude, respectively, for the sake
of clarity.
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Fig. 5 (Color online) A schematic drawing of the scattering distri-
bution from 00 CTR with a finite width in the multi-
wavelength dispersive mode. The left part shows the scatter-
ing condition in the reciprocal space, where the Ewald
spheres with the three energies E;, Ec, and Ey intersect the
CTR. The right part is the corresponding scattering pattern
on the two-dimensional detector. The scattered X-rays of
different energies are detected as ellipses of different sizes on
the detector. The in-plane scattering power distribution
along the diameter of the CTR, shown as the horizontal ellip-
soidal plane in the enlarged view of the reciprocal space, is
recorded as the scattering intensity profile along the oblique
line on the detector.

OB T 570, RgDERTHUEL 20 AF+ /D
T 7 AV EREH NSRS OPFRFFCE NS, £
KX ME—LDOERAPH£2° LS W7, 2 Rk
PO S A, POEROBELTA (Fig. 512k %
qyq, W) BT ABEBRE S AR L A2 2N TE S,
Fig. 5104 K210, 5 q BT 5 g HEICH - 705
o fidthis Fic kW TRl 7r 7 7 )L & LTHAN
%72, Fig.2(a)-(e) 3 LU Fig.3(a)—-(e) DA A —iCHs
WTRDICHN T ZBE S AL, BT AO g, F717
DIREFARN % 5o

Fig. 6 (a) IZ qyq, M OBELIRE 5 A 7§, B2 GIREH 1
s THEITE L 72 1 LD A A — D % i 122 R O J3 FE 5 A 12 48
BL72bDThHbH, Hta XfarAWIcAHEAF v VIET
HIRE U 7=l 53 Af % Fig. 6(¢) IZ/R" 9, ikt & B ER OB E
w100 EAEZ A HHE L /2D TH Y, WEITIE9
WEfd A %2 L /-, Fig. 6(a) & (¢) kb3 5 &, ¢,=0.336
A-Vicsir s -1%k & q,=0318 A1 iIck11 5 -2 kDB
TG — 7 OBELG AP R —F L T 5D h%
Mhe B REDARL 2 90 mE: L CHIEd 5 &, Fig.
6(b) 127”9 qyq, TN OBELFFE 5 A A3 H %, Fig. 6(a)
D gy, TR DG & N5 L, ¢,=034 A1 50.28
AT ORICH B -1 Rk —4 ROBKRT RS — 27 O
B/ hs <, BEEREAUERDH EDPRBEIND,
KR, AEAF v VETHIE LR EENTRS L,
Fig. 6(d) IC7R"d kD12, APTEELLEON/Z -1 RO
KT RHD qp imOskET 7 7 40 (AF) &, ¢ Ji
WOT7 7 A (@) 1, FEHTRTAEAF Y ik
THIE L7777 AV ERLS—FHLTED, KHEEEIC

TETA July 2012 Vol.25 No .4 @ 233



s (b) 3
45 45
Q E=3
53 o034 52
= =h
68~ g
<. 032 <.
7< N 7L
= =
8 0.30 -8
e (d)
8 z
e T 11eq A
8
5o, Eo0 Y
9& EM
-8< go2
= 5
2 0002 0 0,002

Fig. 6 (a) and (b): Two-dimensional reciprocal space maps ob-
tained by converting two-dimensional images recorded in the
multi-wavelength dispersive mode. Both of the images were
recorded with the data collection time of 1 s. The direction of
the central beam component of the incident convergent beam
is along g, ([110] direction of the GaAs) in (a) and g,
([110] direction of the GaAs) in (b). The direction of g, is
the [001] direction of the GaAs. (¢) A two-dimensional
reciprocal space map in the gyg, plane measured with the
conventional angle scan mode. (d) Intensity profiles of the
—Ist order superlattice reflection peak at ¢,=0.336 A-t
along the g, and g, directions, which are plotted with trian-
gles and circles, respectively. The solid lines are the cor-
responding profiles measured with the angle scan method.
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Development of a quick method for crystal
truncation rod scattering profile measurement
by using a simultaneous multi-wavelength
dispersive mode

Tetsuroh SHIRASAWA Institute for Solid State Physics, University of Tokyo,
Kashiwa 277-8581, Japan

Etsuo ARAKAWA Tokyo Gakugei University, Koganei 184-8501, Japan
Wolfgang VOEGELI Photon Factory, Institute of Materials Structure Science, KEK,
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Toshio TAKAHASHI Institute for Solid State Physics, University of Tokyo,
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Tadashi MATSUSHITA Photon Factory, Institute of Materials Structure Science, KEK,
Tsukuba 305-0801, Japan

Abstract To conduct time-resolved measurements of structural kinetics or dynamics at surfaces and inter-
faces, we have developed a quick method of simultaneously measuring X-ray crystal truncation
rod scattering (CTR) profile. This method uses a curved crystal polychromator to produce a
horizontally convergent multi-wavelength X-ray beam having a one-to-one correlation between
wavelength and direction. A scattering distribution on a two dimensional position sensitive detec-
tor from a specimen placed at the focus represents a CTR scattering profile of a wide g range. We
describe the principle of the new method and show results of the measurement to demonstrate
the capability of the method for time-resolved CTR scattering measurements.
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