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Abstract

The analysis of atomic structure around local non-pe-
riodic active-site atoms has become possible recently by
several atomic-resolution holographies developed in Ja-
pan. The characteristic of these methods is that it can re-
veal the structures around specific atomic species, even
around individual valence-state atoms. The development
of effective cutting-edge two-dimensional angular-distri-
bution analyzer is also explained.

1. Atomic-resolution holographies

3D local atomic structure around specific active-site atom
plays crucial role in functional materials such as high temper-
ature ferromagnetic semiconductors or superconductors. The
3D atomic structure around this kind of local specific atoms,
however, has not been able to be analyzed by a standard struc-
ture analysis method of electron diffraction (ED) or x-ray dif-
fraction (XRD) because this kind of active site has no trans-
lational symmetry. Recently several techniques have been de-
veloped to investigate the 3D atomic structure around this
kind of specific atoms with no translational symmetry. One
method is the photoelectron holography, where the obtained
angular distribution pattern includes the interference between
the direct photoelectron wave from the emitter and the scat-
tered waves from surrounding atoms. Because the phase dif-
ference information between the direct wave and the scattered
waves are recorded, the diffraction pattern is considered as a
hologram [1], and the real-space atomic arrangement is easily
obtained directly. Fig. 1 shows an example of the recon-
structed structure for K doped graphite intercalation super-
conductor [2]. A similar technique which uses fluorescent x-
ray is called “fluorescent x-ray holography” [3]. Recently
their accuracy improved dramatically by the development of
new analysis code [4] and a sensitive detector [5]. A new
technique of direct 3D atomic structure analysis method “ste-
reography of atomic arrangement” has also been developed
[6]. These techniques received renewed attention recently.
Hence we started a project of “3D active-site science” [7] in

Fig. 1 Example of
photoelectron holography [2]

order to open a new field of “Local 3D active-site functional
materials science”. The target materials in this project are
ranging from inorganic materials to bio-materials. Recent re-
sults of dopant As in Si [8] and others are presented.

2. Cutting-edge two-dimensional angular-distribution an-
alyzer

In order to obtain photoelectron hologram it is required to
measure 2n str angular distribution of core-level photoelec-
trons from specific atoms. The acceptance angle of commer-
cial analyzer is small (about 0.0007 of hemisphere). Hence it
takes a long time to measure 2w str angular distribution. So
far we have used a display-type spherical mirror analyzer
called DIANA [9] which can display the angular distribution
of 1z str (0.5 of hemisphere) at once. DIANA has been effec-
tively used to obtain holograms such as seen in Fig. 1 [2].
Although DIANA has an advantage of widest acceptance an-
gle, its energy resolution is not high enough to separate core-
level chemical shift of about 1 eV at several hundred eV.
Hence we have developed DELMA (display-type ellipsoidal
mesh analyzer) [10] (Fig. 2) by combining a wide acceptance
angle electrostatic lens (WAAEL) [11] and commercial hem-
ispherical analyzer (R4000 from VG-Scienta Co.). WAAEL
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Fig. 2. Display-type ellipsoidal mesh aﬁ-/lyzer
(DELMA) [10]

can converge the electrons emitted to £50° to one point, and
the following lens system introduce these electrons to R4000.
Although R4000 can analyze small solid angles determined
by the entrance slit, this system can measure solid angles of
+50° by using deflectors at the exit of the lens system. One
example of the result obtained by this system is site-selective
photoelectron spectroscopy for Fe3;O4 [12]. The scanning time
is several times shorter than the commercial one and the merit
is the sample is not necessary to rotate, but the measurement
time is still long. The size of this system is large (1 m X 2.5
m). Hence we have developed a new high-energy-resolution
display-type analyzer Compact-DELMA [13](Fig. 3). The
WAAEL used here can decelerate the electron energy down
to 1/100 with the divergence angle of +7° . By combining
with CMA-type analyzer this system can display the angular
distribution of electrons of £50° at once on the screen with a
high energy-resolution of 0.01%.

Fig. 3. Compact DELMA [13]
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