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Last a decade, new materials of the perovskite-type oxides have been found out by the members of our group. Super 
ionic conductors, ferroelectric materials, and magnetic and electronic conducting materials have been found and their 
properties and structure relationships were reported. 
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Combinatorial Technology
- A Key to Open the New World of Material Research - 
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Throughout history, scientists and engineers have relied on the slow and serendipitous trial-and-error process for 
discovering and developing new materials. In contrast, an emerging theme in modern materials science is the notion of 
intelligent design of materials. Pioneered by the pharmaceutical industry and adapted for the purposes of materials 
science and engineering, the combinatorial approach represents a watershed in the process of accelerated discovery, 
development and optimization of materials. To survey large compositional landscapes rapidly, thousands of 
compositionally varying samples may be synthesized, processed and screened in a single experiment. Recent 
developments have been aided by innovative rapid characterization tools, and by advanced materials synthesis 
techniques such as laser molecular beam epitaxy which can be used to perform parallel-processed design and control of 
materials down to the atomic scale. Here we review the fast-growing field of combinatorial materials science, with an 
emphasis on inorganic functional materials. 

Key Words: Combinatorial technology, Materials Science, Pulsed laser deposition 
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Throughout history, scientists and engineers have relied on the slow and serendipitous trial-and-error process for 
discovering and developing new materials. In contrast, an emerging theme in modern materials science is the notion of 
intelligent design of materials. Pioneered by the pharmaceutical industry and adapted for the purposes of materials 
science and engineering, the combinatorial approach represents a watershed in the process of accelerated discovery, 
development and optimization of materials. To survey large compositional landscapes rapidly, thousands of 
compositionally varying samples may be synthesized, processed and screened in a single experiment. Recent 
developments have been aided by innovative rapid characterization tools, and by advanced materials synthesis 
techniques such as laser molecular beam epitaxy which can be used to perform parallel-processed design and control of 
materials down to the atomic scale. Here we review the fast-growing field of combinatorial materials science, with an 
emphasis on inorganic functional materials. 
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Creation of New Functions by Controlling and Utilizing
Nanostructures in Transparent Oxides of Abundant Components 
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We have concentrated in creating new functions in transparent oxide-based materials by forming or utilizing 
nanostructures embedded in the materials. For example, nanostructures naturally formed in semiconductors are 
examined in relation to their crystal / microstructures, electronic structures and properties. Four different materials 
are discussed, (i) layered oxychalcogenides LnCuOCh (Ln=lanthanide, Ch=chalcogen), (ii) homologous series 
layered oxides RMO3(ZnO)m (R=In, Lu etc., M=In, Ga etc., m=integer), (iii) nano-porous crystal 12CaO7·Al2O3

(C12A7), and (iv) nanocrystalline silicon. Coexistence of moderately large mobility, intense photoluminescence 
arising from room-temperature exciton and high-density hole are explained by a natural modulation doping structure 
in LnCuOCh. Efficient electron field-emission was observed on C12A7:e-. Their applications to field-effect 
transistors, resonant-tunneling diodes, field-emission displays, and single-electron tunneling transisotrs are shown. 
Fabrication of DFB laser solely by laser pulses and a salt is also demonstrated. Further it is shown that nanostructural 
modification in amorphous network lets intrinsic fundamental optical gap appear, leading to realization of vacuum 
UV transmitting modified silica glass and deep UV fibers for power delivery of excimer laser . 

     Key Words : Natural nanostructure, electronic device, field-effect transistor, field-emission display, 
single-electron transistor, oxide semiconductor
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We have concentrated in creating new functions in transparent oxide-based materials by forming or utilizing 
nanostructures embedded in the materials. For example, nanostructures naturally formed in semiconductors are 
examined in relation to their crystal / microstructures, electronic structures and properties. Four different materials 
are discussed, (i) layered oxychalcogenides LnCuOCh (Ln=lanthanide, Ch=chalcogen), (ii) homologous series 
layered oxides RMO3(ZnO)m (R=In, Lu etc., M=In, Ga etc., m=integer), (iii) nano-porous crystal 12CaO7·Al2O3

(C12A7), and (iv) nanocrystalline silicon. Coexistence of moderately large mobility, intense photoluminescence 
arising from room-temperature exciton and high-density hole are explained by a natural modulation doping structure 
in LnCuOCh. Efficient electron field-emission was observed on C12A7:e-. Their applications to field-effect 
transistors, resonant-tunneling diodes, field-emission displays, and single-electron tunneling transisotrs are shown. 
Fabrication of DFB laser solely by laser pulses and a salt is also demonstrated. Further it is shown that nanostructural 
modification in amorphous network lets intrinsic fundamental optical gap appear, leading to realization of vacuum 
UV transmitting modified silica glass and deep UV fibers for power delivery of excimer laser . 

     Key Words : Natural nanostructure, electronic device, field-effect transistor, field-emission display, 
single-electron transistor, oxide semiconductor
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Strongly-Correlated Electron Functional Oxides
for Electronics of the Next Generation 
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Oxides of the 3d transition metals are considered to be indispensable for electronics of the next generation,e.g.
“spintronics”. In such oxides, strongly-correlated electrons play the main role to originate unconventional 
electromagnetic properties. They sometimes cause “superfunctions” such as high-Tc superconductivity and colossal 
magnetoresistance (CMR), which surpass the common sense of conventional physics. Here, together with our 
representative results we overview three categories of strongly-correlated-electron functional materials that we have 
been studying since 1995 at Tokyo Tech, i.e.  (1) high-Tc superconductive copper oxides, (2) halfmetallic iron oxides, 
and (3) thermoelectric or superconductive cobalt oxides. 

     Key Words : transition metal oxides, electron correlation, high-Tc superconductors, halfmetals, 
thermoelectrics, oxygen engineering 
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Oxides of the 3d transition metals are considered to be indispensable for electronics of the next generation,e.g.
“spintronics”. In such oxides, strongly-correlated electrons play the main role to originate unconventional 
electromagnetic properties. They sometimes cause “superfunctions” such as high-Tc superconductivity and colossal 
magnetoresistance (CMR), which surpass the common sense of conventional physics. Here, together with our 
representative results we overview three categories of strongly-correlated-electron functional materials that we have 
been studying since 1995 at Tokyo Tech, i.e.  (1) high-Tc superconductive copper oxides, (2) halfmetallic iron oxides, 
and (3) thermoelectric or superconductive cobalt oxides. 
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(Hg,W)Sr2(Ce,RE)3Cu2Oz [(Hg,W)-1232]9) � �

(Cu,Mo)Sr2(Ce,RE)3Cu2Oz [(Cu,Mo)-1232]10)������

����-4� (Hg,W)-1232�����TEM�������

�������3�������������������

�������(Hg,W)-1232, (Cu,Mo)-1232�Tc����

�� ~33 K, ~53 K�����������s = 3�����

�������������������������

��������������������������

�����������

���� ����������� ����� ��� � ������ ���� ���������

�������������������

����������������Tc�������

���������������������������

�������������������������

���������������������������

Tc

0

p

����

���

����

���

�����

(1)

(2)
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�

���������������������������

�������������������(1) �����

�Jc������������������(2) ����

�Hirr���������Jc��������������

��

����������Tc��������������

���������������������������

CuO2�������������������������

���������������������������

�������������Jc, Hirr�����6). ����

��������������������������

��������������������������

���������������������������

���-5�������2����������������

���������������������������

���������������������������

��������������������������

���������������������Jc, Hirr����

����

���� ���������������������������

�����

�������������������������

�������������������������

������������������������A��

������Hirr������������������

�����������������

� �������������������������

�����������������������������

���������

� ���������������������������������������

��������������������������

���������-6������

� � � � � � � � � � ��������������������������

��������������� ����������������

�����������������������

���� ��������������� ������������� ������������� �����
�����

��� �� ���������� �������������������

�����������������������������

��������������

���������������

��������������������������

��������������������������

�����������������������������

�����������������������������

���������������������������

��������������������������

����������������������100%���

�������������������������

�-7����

���� ��������������������������������

������������������������� ��������

�����������

������������������������

���40%���������������������

���100%���������������������

�����������������������������

��������������������������

����������������������������

��������������������������

���15)�

���������1980���������������

�����������4��������������

�������(1) ������ (Fe3O4)�(2) CrO2�(3) ��

����������������� (4) ��������

E

EF

�

�

��������������������

����������������������100�
���������������������������

�����������������������5, 6)� �-2�
���������������������CuO2���

(n) �������������������������

�����n (= 1, 2, 3…) ��������������

�homologous, ����������������������

��������������������������

����(1)���������������

MmArQn-1CunOm+r+2n�� [����M-mr(n-1)n]
������A�

����M = ������������ (Hg, Tl, Pb, Bi, 
Cu, Co, Fe, Ru, C, Al, …) ���� 0 (nothing)�A = ���

���������� (Ba, Sr, La, …)�Q = ������

���� [n = 2����Ca, RE (= ���)�n � 3����

Ca ��]����������������-2�����

�����(a) 0201�(b) Cu-1212�(c) Bi-2212�(d) Hg-
1223����1993��02(n-1)n����������7) ��

��������������������������

���������������������������

��������8).
���������������Tc���������

�������HgBa2Ca2Cu3O8+� (Hg-1223) ����135 K
��������������������Tc����

��������������������������

Tc���������CuO2��������������

���������������������������

��n = 3�������Tc�������������

�����Tc���������������������

��������������������������

���������Tc����������������

������������������-3��������

�������������������������

������������������������

����������B�����

��������������(1)�������A���
�������������������������

������B�������������(2)������5,

6)�

MmA2BsCu2Om+8+2s [����M-m2s2] 
������B�

����B = (Ce,RE) ���������B�������

�����2��CuO2����������� (BO2) ��

��B������s (= 1, 2, 3…) �����������

�������������������B�������

���������������������s����

�������������������������

���������������������������

�����B�������������������s = 
3��������������������������

���� ������� ��� ����������������������

������������������������

��������� 2��� s = 3�������

(Hg,W)Sr2(Ce,RE)3Cu2Oz [(Hg,W)-1232]9) � �

(Cu,Mo)Sr2(Ce,RE)3Cu2Oz [(Cu,Mo)-1232]10)������

����-4� (Hg,W)-1232�����TEM�������

�������3�������������������

�������(Hg,W)-1232, (Cu,Mo)-1232�Tc����

�� ~33 K, ~53 K�����������s = 3�����

�������������������������

��������������������������

�����������

���� ����������� ����� ��� � ������ ���� ���������

�������������������

����������������Tc�������

���������������������������

�������������������������

���������������������������

Tc

0

p

����

���

����

���

�����

(1)

(2)
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�

����P��������������n � 1019 cm-3�

�������������21)� �����������

��������ZT � 1 (T �����) ���������

1997�����22) �����������NaxCoO2��

��NaCo2O4, x � 0.5����������������

� (S ~ 100 �V / K, 300 K) �������� (� ~ 200 ��
cm, 300 K) ���������������������

������������������n � 1021 cm-3���

�����������2�������������

�������������������������

�������

������������������������
23) ������������������������

Co�������������������������

�������������������������

����������������������CoIII (3d6)
�CoIV (3d5) ��������CoIV�����CoIII����

�������������������CoIII�CoIV���

������������1�6�������������

������������������� kBln6 ������

����������������������������

������������������������

�

�������������������������

NaxCoO2���������������������

�������������������������

������������������-10������

������� (misfit) �����������������

�����������Co�����������CoO2

�������������� (RS) ���������

���������������CoO2��RS�����

�������������������������

��������������������������

������CoO2��RS����������������

������b���������a, c��� � ������

������������������������

[MmA2Om+2��] q [CoO2]

����M����������� (Co, Hg, Tl, Pb, Bi…)�
A��������� (Ba, Sr, Ca)�q�CoO2��RS��b
�����q � bCoO2 / bRS���������b������

�������������������������

����� �������������������� ���������

NaxCoO2�������������������CoO2�

����������������CoO2�������

������������������������Na�
���RS���������������������

����������������������������

�� � �����������������������

��������������������������

��������������������������

��������24)�

��������������������������

�����������������������������

�������CuO2������CoO2�������

��������������RS��NaxCoO2��Na��

������������������������-1��

����������������������������

�������������������������

����������������������NaxCoO2��

����������������M = 0 (or nothing), A = 
x�Na, m = 0, � = -2������������������

���������������������������

���CoO2���������������n � 2����

����������������������������

���� �������������������������������������������

� M A m 
(1) CaO – CoO – CaO Co Ca 1 
(2) SrO – (Tl,Co)O – SrO (Tl,Co) Sr 1 
(3) SrO – (Pb,Co)O – SrO (Pb,Co) Sr 1 
(4) SrO – (Hg,Co)O – SrO (Hg,Co) Sr 1 
(5) SrO – BiO – BiO – SrO Bi Sr 2 

(6)
CaO – (Cu,Co)O –
(Cu,Co)O – CaO 

(Cu,Co) Ca 2 

�

�

(4)

�

�

������� (A2FeTO6� A = Ba, Sr, Ca� T = Mo, Re)�
���������4��������������2���

��������������������������

�����������������

�����������������������

������������������������

������������������-1(b)������

������������Sr2FeMoO6������57Fe��
���������16) ��-8������������

��������1�����������������

FeII�FeIII�����������������������

������������������������

Sr2FeMoO6��Fe�������� (FeII/III) ������

��������Mo����������� (MoV/VI) �
����������������������������

�����������������������

�MnIII/MnIV, FeII/FeIII�������������������

�������������������������

���������

��

�����������������

����������������������CMR
(Colossal Magnetoregistance) �������������

��������� (MR) �������������

��������������������������

��������������������������

100%������������������������

��������������������������

���������MR�������������MR��

����MR (TMR) ��������17)� TMR���

CMR�������(1) ���������������

������MR�������(2) ��MR������

�������������������������

����������������������A2FeTO6�

400 K������������������18)�����

������TMR�������������

�������Sr2FeMoO6�MR����������

��������������19)������Mo���

��W��Ta����������MR��������

������W�����Sr2FeMoO6���������

����W���60%���������������

����������������TN (~ 50 K) ���

Sr2FeMoO6���TMR���������������

�MR��������������MR��������

������� ���������Ta���������

��Ta50%�������������MR�: 207% (5 
K, 7 T) �����20)��-9��

���� �������������������� �� � �� �� �� ����� �� ��� �� ��

��� ��������������������������������������

���������������

�������������������������

������������������������

���������������������������

���������������������������

������������������21��������

��������������������������

���(3)�����������P��������Z�
��������

�

2SP � , �
��

/
2

PSZ ��

����S, �, � ������������������

�����������3��������������

��������������������������

���� ��������� ��� ���

���� ���� � �����

�������� �����

����������

������������

�����������

������ � ��

������������
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0
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)
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����P��������������n � 1019 cm-3�

�������������21)� �����������

��������ZT � 1 (T �����) ���������

1997�����22) �����������NaxCoO2��

��NaCo2O4, x � 0.5����������������

� (S ~ 100 �V / K, 300 K) �������� (� ~ 200 ��
cm, 300 K) ���������������������

������������������n � 1021 cm-3���

�����������2�������������

�������������������������

�������

������������������������
23) ������������������������

Co�������������������������

�������������������������

����������������������CoIII (3d6)
�CoIV (3d5) ��������CoIV�����CoIII����

�������������������CoIII�CoIV���

������������1�6�������������

������������������� kBln6 ������

����������������������������

������������������������

�

�������������������������

NaxCoO2���������������������

�������������������������

������������������-10������

������� (misfit) �����������������

�����������Co�����������CoO2

�������������� (RS) ���������

���������������CoO2��RS�����

�������������������������

��������������������������

������CoO2��RS����������������

������b���������a, c��� � ������

������������������������

[MmA2Om+2��] q [CoO2]

����M����������� (Co, Hg, Tl, Pb, Bi…)�
A��������� (Ba, Sr, Ca)�q�CoO2��RS��b
�����q � bCoO2 / bRS���������b������

�������������������������

����� �������������������� ���������

NaxCoO2�������������������CoO2�

����������������CoO2�������

������������������������Na�
���RS���������������������

����������������������������

�� � �����������������������

��������������������������

��������������������������

��������24)�

��������������������������

�����������������������������

�������CuO2������CoO2�������

��������������RS��NaxCoO2��Na��

������������������������-1��

����������������������������

�������������������������

����������������������NaxCoO2��

����������������M = 0 (or nothing), A = 
x�Na, m = 0, � = -2������������������

���������������������������

���CoO2���������������n � 2����

����������������������������

���� �������������������������������������������

� M A m 
(1) CaO – CoO – CaO Co Ca 1 
(2) SrO – (Tl,Co)O – SrO (Tl,Co) Sr 1 
(3) SrO – (Pb,Co)O – SrO (Pb,Co) Sr 1 
(4) SrO – (Hg,Co)O – SrO (Hg,Co) Sr 1 
(5) SrO – BiO – BiO – SrO Bi Sr 2 

(6)
CaO – (Cu,Co)O –
(Cu,Co)O – CaO 

(Cu,Co) Ca 2 

�

�

(4)

�

�

������� (A2FeTO6� A = Ba, Sr, Ca� T = Mo, Re)�
���������4��������������2���

��������������������������

�����������������

�����������������������

������������������������

������������������-1(b)������

������������Sr2FeMoO6������57Fe��
���������16) ��-8������������

��������1�����������������

FeII�FeIII�����������������������

������������������������

Sr2FeMoO6��Fe�������� (FeII/III) ������

��������Mo����������� (MoV/VI) �
����������������������������

�����������������������

�MnIII/MnIV, FeII/FeIII�������������������

�������������������������

���������

��

�����������������

����������������������CMR
(Colossal Magnetoregistance) �������������

��������� (MR) �������������

��������������������������

��������������������������

100%������������������������

��������������������������

���������MR�������������MR��

����MR (TMR) ��������17)� TMR���

CMR�������(1) ���������������

������MR�������(2) ��MR������

�������������������������

����������������������A2FeTO6�

400 K������������������18)�����

������TMR�������������

�������Sr2FeMoO6�MR����������

��������������19)������Mo���

��W��Ta����������MR��������

������W�����Sr2FeMoO6���������

����W���60%���������������

����������������TN (~ 50 K) ���

Sr2FeMoO6���TMR���������������

�MR��������������MR��������

������� ���������Ta���������

��Ta50%�������������MR�: 207% (5 
K, 7 T) �����20)��-9��

���� �������������������� �� � �� �� �� ����� �� ��� �� ��
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/
2

PSZ ��
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�������������������������

���������������������������

��������������������������

�������������������������

��������TCOD (= temperature-controlled oxygen 
depletion) ���������������������
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Ceramics Nano-engineering
for Creation of Wonder Materials 
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The fabrication of “wonder materials” was investigated by using the advanced oxide heteroepitaxy technique based 
on the nanoscale surface engineering as well as the atomic layer control via laser molecular beam epitaxy (laser-
MBE). Atomic-scale analysis of the terminating layer of perovskite oxide films was also performed by in-situ coaxial 
impact-collision ion scattering spectroscopy (CAICISS).  The novel heteroepitaxies that could be attained were: (1) 
the molecular layer-by-layer epitaxy of oxide thin films, (2) the atomic step-decoration epitaxy resulting in the 
nanowire or nanodots of oxides, (3) room-temperature selective sapphire growth induced by electron beam 
irradiation, and (4) room-temperature epitaxy of ITO thin films on Si substrate resulting in  the room-temperature 
solar cell.

     Key Words : nanoscale control, epitaxial growth, oxide films, laser molecular beam epitaxy, 
                           wonder material, room-temperature process  
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The fabrication of “wonder materials” was investigated by using the advanced oxide heteroepitaxy technique based 
on the nanoscale surface engineering as well as the atomic layer control via laser molecular beam epitaxy (laser-
MBE). Atomic-scale analysis of the terminating layer of perovskite oxide films was also performed by in-situ coaxial 
impact-collision ion scattering spectroscopy (CAICISS).  The novel heteroepitaxies that could be attained were: (1) 
the molecular layer-by-layer epitaxy of oxide thin films, (2) the atomic step-decoration epitaxy resulting in the 
nanowire or nanodots of oxides, (3) room-temperature selective sapphire growth induced by electron beam 
irradiation, and (4) room-temperature epitaxy of ITO thin films on Si substrate resulting in  the room-temperature 
solar cell.

     Key Words : nanoscale control, epitaxial growth, oxide films, laser molecular beam epitaxy, 
                           wonder material, room-temperature process  
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Flux-mediated epitaxy: new approach in vapor phase epitaxy to single  
crystal quality of complex oxide films 

�

������������

����� ������������������������������
�

� ��������������������� ���������������

�

We propose a new approach, flux-mediated epitaxy (FME) to single crystal quality of complex oxide thin films in 
vapor phase epitaxy. The key is a flux, which is frequently used in bulk process for lowering a process temperature 
and suppressing incongruent melt. The successful application of the flux to the bulk single crystal growth allows us to 
expect a similar benefit even in the case of vapor phase epitaxy. In this paper, We discuss on the capability of this 
new concept ’FME’ for controlling phases and crystallinity of the complex oxide films, showing some examples such 
as optical, ferromagnetic and ferroelectric oxide and high-Tc superconductor, together with the future scope of its 
combinatorial application. 
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We propose a new approach, flux-mediated epitaxy (FME) to single crystal quality of complex oxide thin films in 
vapor phase epitaxy. The key is a flux, which is frequently used in bulk process for lowering a process temperature 
and suppressing incongruent melt. The successful application of the flux to the bulk single crystal growth allows us to 
expect a similar benefit even in the case of vapor phase epitaxy. In this paper, We discuss on the capability of this 
new concept ’FME’ for controlling phases and crystallinity of the complex oxide films, showing some examples such 
as optical, ferromagnetic and ferroelectric oxide and high-Tc superconductor, together with the future scope of its 
combinatorial application. 
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Giant Particle Size Effect 
-Peculiar Phenomena in Dielectric Crystals-

��� ���� ��� ���� ��� ���� ������

�����������������������������������������������������������

1��������������2������������3���������������4���

Extremely large particle-size effect was found in several dielectric crystals. In the case of III-IV phase transition of 
CsZnPO4 (CZP), it was not observed for single crystals smaller than 0.1 mm, while the larger crystals than 0.25 mm 
showed the structural phase transition at 220 K. The thermodynamic studies were made by high-percision adiabatic 
calorimetry, and by high-energy synchrotron-radiation X-ray diffractometry at SPring-8. The anomaly due to the 
phase transition could be seen in the the heat capacity curve, and the structural change was detected in the diffracton 
data. The mechanism of the phase transition was discussed.

Key Words : Giant particle size effect, Dielectric crystals, Phase transition, Heat capaciy, X-ray 
                          diffraction by synchrotron  radiation  
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Giant Particle Size Effect 
-Peculiar Phenomena in Dielectric Crystals-
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Extremely large particle-size effect was found in several dielectric crystals. In the case of III-IV phase transition of 
CsZnPO4 (CZP), it was not observed for single crystals smaller than 0.1 mm, while the larger crystals than 0.25 mm 
showed the structural phase transition at 220 K. The thermodynamic studies were made by high-percision adiabatic 
calorimetry, and by high-energy synchrotron-radiation X-ray diffractometry at SPring-8. The anomaly due to the 
phase transition could be seen in the the heat capacity curve, and the structural change was detected in the diffracton 
data. The mechanism of the phase transition was discussed.

Key Words : Giant particle size effect, Dielectric crystals, Phase transition, Heat capaciy, X-ray 
                          diffraction by synchrotron  radiation  
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Why is the materials dynamics required? 
�

��� ���

����������������
�

����������� ���

The materials dynamics is required and currently becomes important for the basic science and nanotechnology.  From 
the point of view of a shock-wave researcher, this review describes the reason and the background on the basis of the 
comparison between static and shock high-pressure experimental data, especially related to elastic properties and 
heat-transport phenomena.  The fundamental aspect, research tools, and the future of the materials dynamics are also 
described.

Key Words : Materials dynamics,  shock wave, high pressure,  shock compression,  elasticity,  
 heat transport, laser shock, gas gun
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Why is the materials dynamics required? 
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The materials dynamics is required and currently becomes important for the basic science and nanotechnology.  From 
the point of view of a shock-wave researcher, this review describes the reason and the background on the basis of the 
comparison between static and shock high-pressure experimental data, especially related to elastic properties and 
heat-transport phenomena.  The fundamental aspect, research tools, and the future of the materials dynamics are also 
described.

Key Words : Materials dynamics,  shock wave, high pressure,  shock compression,  elasticity,  
 heat transport, laser shock, gas gun
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Soft Phonon Mode 
- X-Ray Thermal Diffuse Scattering for 1T-TaS2 -

������ ������
��������������������������������

������������������� �������������������

We have studied the dispersion curves of phonons by means of synchrotron x-ray thermal diffuse scattering (TDS), 
which relates quantitatively to the frequency and wavelength of traveling elastic waves in a crystal and gives the 
phonon dispersion curves.  The TDS intensity of the incommensurate phase was measured at the BL-10A station of 
Photon Factory.  A single crystal of 1T-TaS2 synthesized by the chemical vapor-transport method was mounted with 
a small furnace in a vertical-type four-circle diffractometer.  A satellite reflection was observed at q = 0.28a* + c*/3.
The TDS intensity around the 1 -1 0 reciprocal lattice point was measured within the temperature range between 300 
and 460 K.  The thermal vibration of the lattice can be described by a linear superposition of elastic waves.  Least-
squares analyses in terms of lattice dynamics yielded the dispersion curves of phonons, which revealed the Kohn 
anomaly both in the longitudinal acoustic (LA) and transverse acoustic (TA//) modes.  It is suggested that the rotation 
of the ordering vector in the nearly commensurate phase at low temperature is triggered by the softened (TA//) modes. 

Key Words : 1T-TaS2, charge density wave, x-ray thermal diffuse scattering, soft phonon mode 
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Soft Phonon Mode 
- X-Ray Thermal Diffuse Scattering for 1T-TaS2 -
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We have studied the dispersion curves of phonons by means of synchrotron x-ray thermal diffuse scattering (TDS), 
which relates quantitatively to the frequency and wavelength of traveling elastic waves in a crystal and gives the 
phonon dispersion curves.  The TDS intensity of the incommensurate phase was measured at the BL-10A station of 
Photon Factory.  A single crystal of 1T-TaS2 synthesized by the chemical vapor-transport method was mounted with 
a small furnace in a vertical-type four-circle diffractometer.  A satellite reflection was observed at q = 0.28a* + c*/3.
The TDS intensity around the 1 -1 0 reciprocal lattice point was measured within the temperature range between 300 
and 460 K.  The thermal vibration of the lattice can be described by a linear superposition of elastic waves.  Least-
squares analyses in terms of lattice dynamics yielded the dispersion curves of phonons, which revealed the Kohn 
anomaly both in the longitudinal acoustic (LA) and transverse acoustic (TA//) modes.  It is suggested that the rotation 
of the ordering vector in the nearly commensurate phase at low temperature is triggered by the softened (TA//) modes. 

Key Words : 1T-TaS2, charge density wave, x-ray thermal diffuse scattering, soft phonon mode 
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The mechanism of the characteristic dielectric response in lead-based complex perovskite relaxors is investigated 
from a thermodynamic point of view.  The heat capacity anomaly of typical lead-based complex perovskite relaxors 
Pb(Mg1/3Nb2/3)O3 and Pb(Mg1/3Ta2/3)O3 found in a very wide temperature range around room temperature was 
discussed in terms of the formation and growth of ferroelectric nanoregions in a paraelectric matrix.  The changes in 
the ferroelectric phase transition behavior of Pb(Sc1/2Ta1/2)O3 were also systematically studied with respect to 
changes in the degree of B-site cation ordering. 
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Phase transition dynamics by laser shock wave  

�����
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Dynamics of materials under high pressures has been studied by using laser-induced shock wave.  Shock wave is 
generated by focusing pulsed laser beam onto the sample.  Shock wave generates high pressure over 1GPa at laser 
intensity of 10 GW/cm2.  Phase transition of polytetrafluoroethylene and benzene under laser shock compression is 
studied using nanosecond time-resolved Raman spectroscopy.  Shock wave propagation inside the silicon crystal is 
directly monitored by picosecond time-resolved X-ray diffraction using laser-plasma X-ray sources.    

Key Words : shock wave, femtosecond laser, X-ray diffraction, Raman scattering 
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Dynamics of materials under high pressures has been studied by using laser-induced shock wave.  Shock wave is 
generated by focusing pulsed laser beam onto the sample.  Shock wave generates high pressure over 1GPa at laser 
intensity of 10 GW/cm2.  Phase transition of polytetrafluoroethylene and benzene under laser shock compression is 
studied using nanosecond time-resolved Raman spectroscopy.  Shock wave propagation inside the silicon crystal is 
directly monitored by picosecond time-resolved X-ray diffraction using laser-plasma X-ray sources.    

Key Words : shock wave, femtosecond laser, X-ray diffraction, Raman scattering 
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Passive control scheme has established its status as a viable means to enhance seismic performance of buildings.  In 

this scheme, the damper connected to the structural frame dissipates the seismic input energy, thereby reducing the 

kinetic energy and vibration of the building.  This paper briefly explains mechanisms of dampers and frames, as 

well as comprehensive design methodology for various types of passively controlled buildings.  
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New Three-dimensional Observation Technique for Pore Sturcuture
in Hardened Cement Paste 

�������������������

��������������������������������������������������������

1�������������2����
3���������������������������������������

Mercury intrusion porosimetry is a widely used technique to determine the pore size distribution in porous materials. 
However, the technique does not provide information about the shapes and locations of pores. Then, a new technique 
is developed, in which gallium(Ga) is used as an alternative intrusion liquid because of its property of phase 
transformation at normal room temperature (melting point:29.8�). This permits the examination of pores using 
image analysis. This technique is applied to hardened cement paste. The distribution of solid Ga is observed through 
an electron probe microanalyzer (EPMA). The developed technique is furthermore improved to obtain a three-
dimensional image of pores by stacking up two-dimensional images, and shapes and location of pores in various 
cement paste are discussed. 

     Key Words : Pore structure, Three-dimensional pore image, Hardened cement paste, Gallium, 
Electron Probe Micro Analayzer
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New Three-dimensional Observation Technique for Pore Sturcuture
in Hardened Cement Paste 
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1�������������2����
3���������������������������������������

Mercury intrusion porosimetry is a widely used technique to determine the pore size distribution in porous materials. 
However, the technique does not provide information about the shapes and locations of pores. Then, a new technique 
is developed, in which gallium(Ga) is used as an alternative intrusion liquid because of its property of phase 
transformation at normal room temperature (melting point:29.8�). This permits the examination of pores using 
image analysis. This technique is applied to hardened cement paste. The distribution of solid Ga is observed through 
an electron probe microanalyzer (EPMA). The developed technique is furthermore improved to obtain a three-
dimensional image of pores by stacking up two-dimensional images, and shapes and location of pores in various 
cement paste are discussed. 

     Key Words : Pore structure, Three-dimensional pore image, Hardened cement paste, Gallium, 
Electron Probe Micro Analayzer
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Damage Control for Reinforced Concrete Beams  
Using Prestressed Tensile Force�
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�
In order to use a building for a long time, it is necessary to keep the durability after the building suffers a smaller 
damage caused by moderate earthquake motions. A building meets repeatedly moderate earthquake motions 
throughout its life. To evaluate the damages caused by moderate earthquake motions and to control them are very 
important.
We carried out several experiments concerned with the damage control methods for reinforced concrete members by 
partially prestressed concrete.� Through these experiments, we can show the effect of introducing precompression to 
concrete on the crack width control in order to keep the durability of column after moderate earthquake motions. 
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In order to use a building for a long time, it is necessary to keep the durability after the building suffers a smaller 
damage caused by moderate earthquake motions. A building meets repeatedly moderate earthquake motions 
throughout its life. To evaluate the damages caused by moderate earthquake motions and to control them are very 
important.
We carried out several experiments concerned with the damage control methods for reinforced concrete members by 
partially prestressed concrete.� Through these experiments, we can show the effect of introducing precompression to 
concrete on the crack width control in order to keep the durability of column after moderate earthquake motions. 
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Building Structures and Progress of Materials 
�
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�

In the long human history, we have used many kinds of materials for constructing architectures and buildings. Soil, 
stone, timber, iron, concrete, steel and rubber have been used for and strengths of these materials were improved in 
recent two hundred years and many changes of structural engineering have been attained. Not only strength but also 
deformability of materials is important for the good performance of structures. Structures have to have strength and 
deformability for the structural design and the seismic design also. Structural engineering using materials of timber, 
concrete, steel and composite materials are discussed. 

   Key Words :material, t imber, concrete, steel, building structure, strength, �
� � � � � �  deformability, stress, strain 
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Building Structures and Progress of Materials 
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In the long human history, we have used many kinds of materials for constructing architectures and buildings. Soil, 
stone, timber, iron, concrete, steel and rubber have been used for and strengths of these materials were improved in 
recent two hundred years and many changes of structural engineering have been attained. Not only strength but also 
deformability of materials is important for the good performance of structures. Structures have to have strength and 
deformability for the structural design and the seismic design also. Structural engineering using materials of timber, 
concrete, steel and composite materials are discussed. 

   Key Words :material, t imber, concrete, steel, building structure, strength, �
� � � � � �  deformability, stress, strain 
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at High Temperatures 
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The mechanical properties of high strength concrete at high temperature have been studied experimentally. � The
compressive tests were carried out with specified design strength of 60, 80 and 100 N/mm2.
For high strength concrete under heating conditions below 400�, the initial slope is steeper, and the limit of linear 
response shows a higher percentage of the compressive strength. Also, the compressive strength decreases at 100�
during heating, increases up to at 200� and gradually decreases with further increase of temperature. 
The formulation for stress-strain curves of high strength concrete were proposed in consideration of high temperature. 
Also, the formulations for compressive strength, strain at maximum compressive strength and elastic modulus were 
proposed in the same way. 

Key Words : high temperature, high strength concrete, stress-strain relation, compressive strength, 
elastic modulus

������

� ������������� ����������������

���������������������������

����������������������������

��������������������������

����������������������������

��������������������������

����������������������������

���������

� �������������������������

���������������������������

������������������������������

�������������������������������

���������������������������

��������������������������

�������

� ��������������������������

�������������������������

������������������������������

�������������������������

�������������������������

����������������������������

�

�����

���������������������������

����������������������� �������

�������

�

���������

� ����������������������������

�����

�

������ ��

� ���������������������������

��������������������������

����������������������������

�

����������

� ���������������������������

128



�

�

����������������������������������

���������������������������

������ ���������������������� ��������

��������������� ��������������������

���������������������� ����������

���������������������������

����������������������������

���������������������������

������������������������������

���������������������������

���������������������������

�������������������������������

���������������������������

����������������������������������

������������������������

�

�

������

�
� ������������
�

���������

� ������������������������

����������� ��������� �����������

����������������������������

���������������������������

������

�

������������������

� ��������������������������

�����������������������������

�������������������������

�������������

�

���������

� ������������������������ ���

��������������������������

��������������������������

���������������������

�

�����������

� ������������������������

�������������������������

��������������������������

����������������������������

�����������������������

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�
������

� �������������������������

��������������

�

�

�

�

�

�

�

�

��� ���

�� � ��

����� ���� ���� �� ��� ��� ��� ��� ��� ������ ������

������ ���� ���� �� ��� ��� ��� ��� ��� ������ ������

������ ���� ���� �� ��� ��� ��� ��� ��� ����� �

������ ���� ���� �� ��� ��� ��� ��� ��� ����� �

������ ���� ���� �� ��� ��� ��� ��� ��� ����� �

����kg/m3
�

����
�

�
�

���
���
��

���
��

���
���

����
���

���
����
����

��� ����������������

���� ����� ���� ����� ���� �����

�� ��� ���� ����� ���� ����� ���� �����

�� ���� ���� ���� ���� ���� ���� �����

�� ���� ���� ���� ���� ���� ���� ����

�� ���� ���� ���� ���� ���� ���� ����

�� ���� ���� ���� ���� ���� ���� ����

���mm����mm ����mm����mm
�����N/mm2

�

��������������

���
�� ������

�������

��� ����

����� ���������

�����

������� �������

����� ���������

���� ����

����� ������

��� ��������

��������

��������� �������

������������

������������

���������� ������� ������������
����������

������� ��������
�����

������� �����

��� �����

���
��

��
�����

���� ���� ���� ���� ���� ���� ���� ����

����� ��� ��� ��� ��� ��� ��� ��� ��� ���

������ ��� ��� ��� ��� ��� ��� ��� ��� ���

������ ��� ��� ��� ��� ��� ��� ��� ��� ���

������ ��� �� �� �� �� �� �� �� ��

������ ��� �� �� �� �� �� �� �� ��

����������������� �

��� �����

��� ����������

�

�

�

������������������

������������

Mechanical Properties of High Strength Concrete
at High Temperatures 

�����
�
�����

�

����������������
�
�����������

�
�

�

�
���� ��� ������ ������� ���� �����������

The mechanical properties of high strength concrete at high temperature have been studied experimentally. � The
compressive tests were carried out with specified design strength of 60, 80 and 100 N/mm2.
For high strength concrete under heating conditions below 400�, the initial slope is steeper, and the limit of linear 
response shows a higher percentage of the compressive strength. Also, the compressive strength decreases at 100�
during heating, increases up to at 200� and gradually decreases with further increase of temperature. 
The formulation for stress-strain curves of high strength concrete were proposed in consideration of high temperature. 
Also, the formulations for compressive strength, strain at maximum compressive strength and elastic modulus were 
proposed in the same way. 

Key Words : high temperature, high strength concrete, stress-strain relation, compressive strength, 
elastic modulus
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This paper presents author’s experimental studies on mechanical behavior of concrete structures under seismic 
loading. Three topics are presented. The first one is the study on influence of beam elongation to structural behavior 
of the frame under seismic loading. The second one is the study on degree of cracking damage of RC columns under 
seismic loading. Last one is the study on mechanical behavior of PC Mild-Press-Joint under seismic loading which 
have been carried out these days. Author refers to the direction of design concept of concrete structures from now on 
through presentation of three topics. 
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This paper presents author’s experimental studies on mechanical behavior of concrete structures under seismic 
loading. Three topics are presented. The first one is the study on influence of beam elongation to structural behavior 
of the frame under seismic loading. The second one is the study on degree of cracking damage of RC columns under 
seismic loading. Last one is the study on mechanical behavior of PC Mild-Press-Joint under seismic loading which 
have been carried out these days. Author refers to the direction of design concept of concrete structures from now on 
through presentation of three topics. 

  Key Words : concrete structures, damage control, PC Mild-Press-Joint, residual drift,crack width
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Active Confining Effect and Shear Crack Behavior
for R/C Columns Prestressed Laterally 

��������������������
Yasuji Shinohara, Kakuya Miyano and Hiroshi Watanabe 

�

1��������������2���3����������

Experiments and 3-D FE analyses were performed on reinforced concrete columns laterally prestressed by the shear 
reinforcements to study the influence of the active confinement upon shear strength and crack behaviors. The relation 
between the width of shear crack and the strain of reinforcement has been proven by measuring every crack over 
reinforcements and gluing three strain gauges on reinforcements. With increasing the lateral pressure, shear crack 
strength and ultimate shear strength have increased proportionally, shear crack patterns have changed appreciably, 
and the widths of cracks have decreased drastically. The FE analyses using smeared crack model cannot evaluate a 
localized crack accurately but can provide valuable information about the total damage. 

Key Words : Lateral prestress, Active confinement, Shear crack behavior, Smeared crack model,  
3-D finite element analysis, Shear damage evaluation
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Active Confining Effect and Shear Crack Behavior
for R/C Columns Prestressed Laterally 

��������������������
Yasuji Shinohara, Kakuya Miyano and Hiroshi Watanabe 

�

1��������������2���3����������

Experiments and 3-D FE analyses were performed on reinforced concrete columns laterally prestressed by the shear 
reinforcements to study the influence of the active confinement upon shear strength and crack behaviors. The relation 
between the width of shear crack and the strain of reinforcement has been proven by measuring every crack over 
reinforcements and gluing three strain gauges on reinforcements. With increasing the lateral pressure, shear crack 
strength and ultimate shear strength have increased proportionally, shear crack patterns have changed appreciably, 
and the widths of cracks have decreased drastically. The FE analyses using smeared crack model cannot evaluate a 
localized crack accurately but can provide valuable information about the total damage. 

Key Words : Lateral prestress, Active confinement, Shear crack behavior, Smeared crack model,  
3-D finite element analysis, Shear damage evaluation
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Hysteresis Model of Structural Steel
Considering the Bauschinger Effect�
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The relationship between true stress and true strain of structural steel was simply modeled considering the 
Bauschinger effect. This hysteresis model is composed of skeleton curve based on the material test result, 
Bauschinger part modeled as a function of the cumulative strain in the skeleton curve and elasticity unloading part. 
The analytical result of the beam which applied this hysteresis model was compared with experimental result. The 
analytical result and the experimental result showed the good correspondence in not only load deformation 
relationship but also deformation of skeleton curve as an index to the plastic deformation capacity of member, 
moment-curvature relationship and hysteresis of strain.  Though the hysteresis model is simple, it is enough effective 
in order to analyze the behavior of steel member in the plastic range. 

Key Words : Structural Steel,  True Stress - True Strain Relationship, Bauschinger Effect 
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The relationship between true stress and true strain of structural steel was simply modeled considering the 
Bauschinger effect. This hysteresis model is composed of skeleton curve based on the material test result, 
Bauschinger part modeled as a function of the cumulative strain in the skeleton curve and elasticity unloading part. 
The analytical result of the beam which applied this hysteresis model was compared with experimental result. The 
analytical result and the experimental result showed the good correspondence in not only load deformation 
relationship but also deformation of skeleton curve as an index to the plastic deformation capacity of member, 
moment-curvature relationship and hysteresis of strain.  Though the hysteresis model is simple, it is enough effective 
in order to analyze the behavior of steel member in the plastic range. 
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Graphitization of Glass-like Carbon

������� ������� ������� �������
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�

Glass-like carbon (GLC) is one of the homoatomic carbon alloys because it shows sp, sp2, sp3 signals in Raman 
spectroscopy.  Generally GLC is made by the carbonization of thermosetting resin as Furan resin, Polyimide resin etc.  
The stable phase of carbon in ambient pressure and high temperature is graphite, but  GLC is very stable even if it is 
heat-treated at 3000�. However GLC can be changed into graphite with molecura arrangement of aromatic carbons, 
specificity of surface and stress assistance. To make easy the rearrangement of graphite some kinds of decomposition 
at high temperature is effective, because the bonding in graphen sheet is covalent and it required high activation 
energy for rearrangement.  This  paper reviewed the graphitization of GLC in the  above view point. 

     Key Words : carbon, glass like carbon, carbon alloys, graphite, carbonization, GLC
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Graphitization of Glass-like Carbon
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Glass-like carbon (GLC) is one of the homoatomic carbon alloys because it shows sp, sp2, sp3 signals in Raman 
spectroscopy.  Generally GLC is made by the carbonization of thermosetting resin as Furan resin, Polyimide resin etc.  
The stable phase of carbon in ambient pressure and high temperature is graphite, but  GLC is very stable even if it is 
heat-treated at 3000�. However GLC can be changed into graphite with molecura arrangement of aromatic carbons, 
specificity of surface and stress assistance. To make easy the rearrangement of graphite some kinds of decomposition 
at high temperature is effective, because the bonding in graphen sheet is covalent and it required high activation 
energy for rearrangement.  This  paper reviewed the graphitization of GLC in the  above view point. 

     Key Words : carbon, glass like carbon, carbon alloys, graphite, carbonization, GLC
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We are proposing Soft Solution Processing (SSP) where advanced ceramics can be preferably fabricated in 
solution(s) directly into desired composition, structure, shape, size, location, orientation, etc., in a closed system.  We 
have succeeded to prepare films of BaTiO3, SrTiO3, CaWO4, BaMoO4, YVO4, LiCoO2, LiNiO2, ZnFe2O4, etc., in 
solutions at low temperatures of RT-150ºC.  The fabrication of patterned films for LiCoO2, PbS, CdS, BaTiO3,
SrTiO3, etc., have also been succeeded in/from solutions at the low temperatures without post firing.  The soft process 
will contribute to sustainable development of human society. 
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Ceramic materials can be deformed extensively in tension above approximately half the absolute melting point 
provided it has a fine (< 1 �m diameter) equiaxed grain size that is stable during deformation.  Since the discovery of 
superplasticity in ZrO2-based ceramics in 1986,  studies on ceramics superplasticity have evolved during the past 
decades, because of potential applications for superplastic forming.  Micrograins move past one another by grain 
boundary sliding during deformation.  The analysis of grain boundary dynamics provides insight on the role of grain 
boundary in superplasticity and grain growth.  Here, we review the current knowledge on ceramics superplasticity 
with a focus on how the grain boundary affects deformation behavior. 
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Ceramic materials can be deformed extensively in tension above approximately half the absolute melting point 
provided it has a fine (< 1 �m diameter) equiaxed grain size that is stable during deformation.  Since the discovery of 
superplasticity in ZrO2-based ceramics in 1986,  studies on ceramics superplasticity have evolved during the past 
decades, because of potential applications for superplastic forming.  Micrograins move past one another by grain 
boundary sliding during deformation.  The analysis of grain boundary dynamics provides insight on the role of grain 
boundary in superplasticity and grain growth.  Here, we review the current knowledge on ceramics superplasticity 
with a focus on how the grain boundary affects deformation behavior. 
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Damage behavior of carbon-related materials impacted�
by a high velocity projectile 
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Impact damage behavior of carbon-related materials has been investigated using ultra-high speed cameras, and/or 
high pressure and high strain-rate gauges. In this paper, the behavior observed/investigated in the author’s laboratory 
is briefly reviewed.  
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Evalution of Local Mechanical Properties 
by Using the Nanoindentation Technique 

��� ��

���������������

���������������

The correct measurement and analisys of the correlation between load P and penetration depth h is substantially 
important for the evaluation of mechanical properties through the nanoindentation technique. A home-made 
nanoindenter with a unique system was developed to measure accurate P-h curve without any calibration. Also, a 
novel analisys to derive correct mechanical properties from the P-h curve was developed through the indentation 
simulation by using the finite element method. In this study, how to evaluate local mechanical properties under the 
indentation-induced stress-concentration was proposed. 

     Key Words : nanoindentation, hardness, Young’s modulus, finite element method 
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Evalution of Local Mechanical Properties 
by Using the Nanoindentation Technique 

��� ��

���������������

���������������

The correct measurement and analisys of the correlation between load P and penetration depth h is substantially 
important for the evaluation of mechanical properties through the nanoindentation technique. A home-made 
nanoindenter with a unique system was developed to measure accurate P-h curve without any calibration. Also, a 
novel analisys to derive correct mechanical properties from the P-h curve was developed through the indentation 
simulation by using the finite element method. In this study, how to evaluate local mechanical properties under the 
indentation-induced stress-concentration was proposed. 

     Key Words : nanoindentation, hardness, Young’s modulus, finite element method 
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あとがき

沿革を書いていて時代の絢を感じた。 建築材料研究所は、 関東大震災にも耐えられる耐震耐火建築の

研究を目指して設置され、 建築材料としてのセメント、 煉瓦、 ガラス、 碍子、 ボイラーの研究にも力を注

いでいた。 窯業研究所は、 海外からの窯業製品に頼らないようにするために設置され、 建築材料研究所

での上記の材料の研究と、 耐火物、 炭素製品、 研磨材の研究が加えられてスタートした。 昭和33年にこ

れら２つの研究所の重複を避けて、 関連分野の発達に即応できる体制となった。 すなわち、 応用セラミッ

クス研究所は、 新素材ブームで名前こそセラミックスとはなったが、 同じDNAの分離と融合である。 法人

化で大きなうねりが押し寄せてきつつあるが、 これからも一丸となって社会に貢献して行くことは間違いな

いと信じている。

今回、創立70周年を迎えるにあたり、創立30周年と創立50周年で、立派な本が出版されていることから、

創立70周年でも足跡を留めるために、先輩諸氏のお言葉と、研究の総説集を出版しようということになった。

70周年行事を行うことは、一年前から所長が表明していたが、出版の内容を決めたのが2月末であった。

しかもこれを式典の当日に配付することが、所長命令で下された。 にもかかわらず、ぎりぎりではあったが、

式典に間に合わせることが出来たことは、 教員の先生方の御協力、 事務方の御協力の賜物と、 深く感謝

する次第である。 特に、 事務室の園和係長、 遠藤さんはじめ非常勤職員の方々、 研究支援員の小野口

さん、 廣瀬さんにはかなりの御負担をおかけした。 この場をお借りして厚く御礼申し上げます。

これからも本研究所の研究活動への御支援、 御協力をよろしくお願い致します。

（安田榮一， 山田哲， 和田章）
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