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New Structural Technique
- Diffraction Anomalous Fine Structure (DAFS) -

Jun’ichiro MIZUKI
Fundamental Research Laboratories, NEC

We review new X-ray structural technique, Diffraction Anomalous Fine Structure
(DAFS). This technique combines the diffraction with the absorption spectroscopy
(XAFS), which was demonstrated for the first time by University of Washington and NIST
group. DAFS measures the Bragg diffracted intensities of a fixed momentum transfer with
changing in incident X-ray energies, and exhibit a fine structure versus X-ray energies
analogous to XAFS. We will show that DAFS provides not only all of the usual
information of XAFS, but also spatial selectivity and site selectivity. The data reported by
H. Stragier (University of Washington) et al., by C. E. Bouldin (NIST) et al., by D. J.
Tweet (NEC) et al., and by I. J. Pickering (EXXON) et al. are shown in this paper. Finally,
potential use of DAFS in future will be discussed.
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Fig.1 Schematic drawings of (a): imaginary and (b): real part of an anomalous
form factor in an isolated atom, and the figure also shows the schematic
drawings of (c): XAFS and (d): DAFS.
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Fig.2 Comparison of the raw DAFS and XAFS
signals. The measured DAFS and XAFS fine
structure oscillations are both about 12%
peak-to-peak when normalized to their corre-
sponding edge step or cusp drop. (taken
from references 1), 13)).
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The background-subtracted and normalized
DAFS and XAFS signals. Two DAFS data
sets have been overplotted to show the
reproducibility of the measurements. (taken
from reference 1)).

Fig.3

FOURIER TRANSFORM MAGNITUDES

0 1 2 3 4 5 6 7
RADIAL DISTANCE (A)

Fig.4 The Fourier transform magnitudes of the
DAFS and XAFS signals. The symbols are
as follow: circles, Cu(111) DAFS; triangles,
Cu(222) DAFS: lines, Cu XAFS. (taken from
reference 1), 13)).
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Fig.5 The Fourier back-filtered first- and second-
shell DAFS and XAFS signals for a single
data set. The symbols are as follows: circles,
Cu(111) DAFS; triangles, Cu(222) DAFS;
lines, Cu XAFS. The Cu(111) first-and
second-shell DAFS signalshave shifted by
90 and the Cu(222) first- and second-shell
DAFS signals have been shifted by 67.
(taken from reference 1)).
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Fig.6 (a), Cross-sectional view of the sample
structure of Si/B-ﬁ/Si(1 11).
(b), Structure model for the B-inducedﬁ
structure; top view of B—fé/Si(111) surface,
and side view ((011) plane) of B~J§/Si(111)
surface. The symbols of the top view drawing
are as follows: largest solid cirkles, top layer
of Si; middle-size solid circles, second layer
of Si; smallest solid circles, third layer of Si;
open circles, Boron.
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Fig.7 (a), Cross-sectional view of the sample
structure of Si/B-ﬁ/GexSi1-x.
(b), Observed structure factor of the interface
reconstructed structure. The area of the
circles are proportional to the integrated
diffraction intensities.
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Integrated Peak Intensity versus Energy: DAFS
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Fig.8 (a), Top figure is the integrated peak intensity of 2/3(202) versus enrgy.

Near the Ge K-shell absorption edge the peak intensity exhibits a sharp
dip, followed by clear oscillations. Three sets of scans are shown in the
figure. (taken from reference 10)) Bottom shows the background
intensity versus energy, which is XAFS signal.

(b), DAFS X (open circle) and XAFS x (solid circle) versus k. The
DAFS was extracted from the average of the three scans shown in Fig.8
(a). (taken from reference 10)).
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Fig.9 Fourier transforms of the DAFS and XAFS
shown in Fig.8 (b). Both Fourier transforms
were performed over the range k=2.5- 8.0
A7, using a Hanning window. (taken from
reference 10)).
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Fig.10 Structure model of the interface recon-
structed structure on Si(1 11)/B-J§/GeXSi1_x.
(taken from reference 11)).
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(a), DAFS of Co;0, using (422) and (222)
diffraction intensities. The (422) and
(222) diffraction peaks represent contrib-
utions from the tetrahedral Co and octa-
hedral Co, respectivery. (taken from
reference 12)).

(b), Co K-edge XAFS spectra of Cos0,.
Lower two traces are site-specific XAFS
spectra extracted from (422} and (222)
DAFS data. Top, solid trace is the bulk
absorbance, with the dotted trace being
the sum of the lower two trace (2/3 Coo
+1/3 Couw).(taken from reference 12)).
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Fig.12 Structure of YBa,Cu:O;-s . (taken from

reference 14)).
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Fig.13 (a), DAFS of (001) and (003) reflections of a 2000 A film of YBa,Cu;

O7-5 . The dramatic change in the shape of the DAFS spectra is due to
different crystallographic weightings of the two Cu sites and the
variation in size and phase of the overall Cu DAFS relative to the
scattering from other atoms. (taken from reference 13)).
(b), The Fourier transform magnitudes of two Cu sites. The transforms
were determined by constructing pure Cu(1) and Cu(2) DAFS x by
taking linear combinations of different (00 v ) DAFS X . The two lines
for Cu(2) and Cu(1) indicate the error introduced by using different
pairs of (00 1 ) reflections. (taken from reference 13)).
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