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Mg2Si1-xSnx are promising thermoelectric materials in the temperature range (400-800 
K). Since it works at elevated temperatures, clarifying the effect of annealing on the 
properties of the material is very important. 

We studied on the effect of annealing (1068 K, 250 h) on microstructure and 
thermoelectric properties of a compound, a 0.33 mol% Sb-doped Mg2Si0.5Sn0.5 solid 
solution with TEM, thermoelectric measurements, and etc. aiming to high performances 
of the material. 

J. W. Liu, et al, J. Electronic Mater. 44 (2015) 407, and 45 (2016) 602. 

• The decrease in ZT, figure of merit, after the 
annealing was attributed to the dissolving of 
nanoinclusions of Si and Sn, and the decrease 
in point defects. 

• It is demonstrated that controlling the 
nanoparticles and point defects may be an 
effective method to optimize the 
thermoelectric properties of the material. 

• The work gives hints to improve further the 
thermoelectric properties of the materials. 
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Changes in thermoelectric properties after annealing

After the annealing, σ, and ke decreased, which resulted in a deterioration in ZT from ~0.34 (394 K) to 
~ 0.24 (71%, at 388 K). (The hot pressed is the specimen not annealed.)

ZT=σS2T/(κe+ κl)
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Structure of the specimen before annealing. Small particles of Si, Sn,
MgO exist with high density.
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After the annealing. Particles of Si
and Sn disappeared.
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Technique enabling rapid, detailed visualization 
of lattice-plane distortions in a GaN wafer

Evaluation of crystallinity of semiconductor 
wafers and metal nanoparticles
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 A systematic cooperation between materials analysis, characterization, and theoretical 
calculation is essential in new material development. 

 To contribute to the development, we analyze and evaluate an atomic-scale structure 
and electronic state of a new material using advanced high-brilliant synchrotron 
techniques.

 To develop a new analysis method for evaluating crystal quality of semiconductor 
wafers and visualize the local crystal-plane bending with resolution of tens of microns.

 To find the correlation between the structure and catalytic function of metal 
nanoparticles which are green-environmental catalysts.

 Patent Application No. 2018-83268
 Appl. Phys. Express 11, 081002 (2018). 

 We developed a new evaluation method to visualize 
lattice-plane distortion on a 2-inch GaN semi-conductor 
wafer with the spatial resolution of several tens of 
micrometers at once on the whole wafer.

 We investigated the local structure and the average 
structure of Ru nanoparticles and examined the 
relationship with the catalytic activity.

 To develop techniques and analysis methods of 
synchrotron X-rays for obtaining data that can discuss 
the atomic arrangement and electronic state of metal 
nanoparticles so as to be more related to the function 
of the material such as  catalytic activity and hydrogen 
absorbing/storage property.

The conventional crystal-plane evaluation 
method employs X-ray diffraction using narrow 
X-ray beams. This makes the accurate 
measurement of these defects across an entire 
wafer surface very time-consuming, while the 
conventional and alternative approach—applying 
a broader X-ray beam only once to an entire 
wafer surface—has not allowed the collection of 
detailed information.

 Phys. Chem. Chem. Phys. 18, 30622 (2016).
 Sci. Rep. 6, 31400 (2016). 

In-plane projected vector 
plot of local lattice-plane 
normals of a 2-inch GaN
wafer.

Relationship 
between size of 
nanoparticles of a 
structural  order 
parameter proposed 
to  express their 
structures of fcc-
type Ru NPs and 
hcp-type Ru NPs.
The inset shows the 
change in CO 
catalyst activity 
according to particle 
size.

Finding the relationship between the structure 
and catalytic activity of ruthenium nanoparticles

We identified the possibility that slight differences in 
the structure of ruthenium (Ru) nanoparticles (NPs), 
which have high CO oxidation catalytic activity, may 
affect their catalytic functions.
We investigated metal nanoparticles with a size of 
several nanometers by high energy X-ray diffraction 
and characterized their both local atomic-scale 
structures and average structures.

Absolute value of in-plane 
components of local lattice-
plane normals when the lengths 
of the normals are assumed to 
be 1 Å-1. 

T50, which is a measure of the catalytic activity, 
indicates the temperature at which the reaction 
rate of CO reaches 50%, indicating that the 
lower the T50, the higher the catalytic activity.
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