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Interdiffusion in B8 phase of the ternary Ti-Al-V system
Tomoshi Takahashi*!, Yoritoshi Minamino*? and Masao Komatsu*?

*IDepartment of Environmental Materials Engineering, Institute of Nithama National College of Technology,
Niihama , 792-8580, Japan; **Department of Adaptive Machine systems, Graduate School of Engineering,
Osaka University, Suita 565-0871, Japan, **Department of Mechanical Engineering, Hiroshima Institute of
Technology, Hiroshima , Hiroshima, 731-5143, Japan

Materials Transactions, Vol.49, No.1, pp.125-132, (2008)

The interdiffusion in Ti-rich B Ti-Al-V alloys has been investigated in the temperature range
from 1323 to 1473 K. The direct interdiffusion coefficients D%,, and D%, and indirect interdiffusion
coefficients, D%, and D%, , are positive in the ternary alloys, and these four interdiffusion
coefficients have slight concentration dependence. The values of ﬁf&m are larger than those of
D%, and the values of D%, are also larger than those of D¥,,. The repulsive interactions exist
between Al and V atoms in the Ti-Al-V alloys, because the ratio values of indirect coefficient to
direct one are positive. On the other hand, the interactions between Ti (solvent) and Al (or V)
atoms are attractive in the present alloy, since the ratio of converted interdiffusion coefficients in
the ternary alloys shows negative values.
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In 2004 the event called "Science laboratory: Let's play with electricity" was held for 40 pupils in



elementary schools in Niithama City. Through this event, we realized that it was possible to
develop the interest in science even among students who do not like science very much, and that
it was difficult to choose the proper themes. The next year prior to teaching the students, we did
the same event for teachers, which revealed some problems in creating event themes and contents.
Last year before the event for teachers, we carried out the questionnaire on the experiments in
elementary and junior high schools' classes in order to determine the proper theme for the
teacher's event. On the basis of the results, we might create the proper theme of the event.
Furthermore, "Discussion on science education" was also held during the event, which enhanced
the partnership between teachers in local schools. The above activities focused on the partnership
with local schools built up the informational network between schools, which eventually set up of
"Mailing list of Niihama Science Club (ML-NSC).
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The present study investigates crystal orientations and residual stresses in multi hard layer films
deposited by arc ion plating. TiN and CrN films approximately 1.0 um thick in single layer were
deposited on a stainless steel substrate. With a bias voltage of 0V, the TiN film exhibited strong
{110} texture, whereas the dominant orientation of the film deposited at -100V was {I11}. On the
other hand, CrN films exhibited strong {110} texture with a bias voltage of -100V. The crystal
structure of double-layer film had the same tendency as those for single-layer films. TiN films had
very high compressive residual stresses: -8.6Gpa in the {110} textured film and -10.0Gpa in the
{111} textured film. These residual stresses decreased with increasing annealing temperature and
the reduction rate was greater for the {111} than for the {110} film. The behavior of residual
stresses in the {111} and {110} textured layers of {111}/{110} textured double-layer film was
identical to that for single-layer films. The CrN films had very high compressive residual stresses of
-8.4Gpa. These residual stresses decreased with increasing annealing temperature. However,
Annealing of temperatures at 600°C showed change in peak intensities of CrN 220 diffraction.
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Dielectric Properties of Ba(Zr, Ti)O3 Thin Films, Fabricated by Pulsed Laser
Deposition
Takanori Hino*!, Minoru Nishida*?, Takao Araki*?, Takahiro Ohno*3, Toshio Kawahara*3, Masakazu
Murasugi*3, Hitoshi Tabata*? and Tomoji Kawai*?
*IMaterials Science and Engineering, Nithama National College of Technology, *2Materials Science and
Engineering, Ehime University, *3The Institute of Scientific and Industrial Research, Osaka University
Journal of Laser Micro/Nanoengineering Vol. 2, No. 3 166-169 (2007)

The BZT super lattice films were also fabricated at same conditions of single layer BZT films.
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PLD of X7R for thin film capacitors
Takanori Hino*!, Noriyuki Matsumoto*?, Minoru Nishida*3, and Takao Araki*3
*IMaterials Science and Engineering, Niihama National College of Technology, *2Center for Advanced Science
and Innovation, Osaka University, *3Materials Science and Engineering, Ehime University
Applied Surface Science 254 2638-2641 (2008)

Thin film capacitors with a thickness of 200 nm were prepared on SrTiO3 (1 0 0), (I 1 0) and
(1 1 1) single crystal substrates at a temperature of 973 K by pulsed laser deposition (PLD) using a
KrF excimer laser in an O2-O3 atmosphere with a gas pressure of 1 Pa using an X7R sintered

target.
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Rapid and reversible shape changes of molecular crystals on photoirradiation
Seiya Kobatake*!, Shizuka Takami*2,3, Hiroaki Muto*?, Tomoyuki Ishikawa! and Masahiro Irie*?
*I0saka City University, *2Kyushu University, *3Niihama National Technology College
Nature, Vol.446 (12), pp778-781 (2007.4)

Here, we report on light-induced rapid reversible macroscopic shape and size changes of
molecular crystals composed of photochromic diarylethenes in the size range 10-100 micrometers.
Upon irradiation with UV light a square single crystal of 1,2-bis(2-ethyl-5-phenyl-3-thienyl)
perfluorocyclopentene (1) changes its shape to lozenge and a rectangular single crystal of 1,2-bis
(5-methyl-2-phenyl-4-thiazolyl)perfluorocyclopentene  (2) contracts as much as 5—7%, and both
regain the original shapes upon irradiation with visible light. The deformed states are thermally
stable and the response time of the shape change was measured to be around 25 microseconds,
which is 105-106 times faster than previous polymer systems. These single crystals with the
property of light-induced reversible shape and size changes have potential for applications as

light-driven actuators in micro-nano-mechanics and optoelectronics as well as in biomedical fields.
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Photochromism of Mixed Crystals Containing Bisthienyl-, Bisthiazolyl-, and
Bisoxazolylethene Derivatives
Shizuka Takami*!, Lumi Kuroki*2, and Masahiro Irie*3
*INithama National Technology College, *2Kyushu University, *3Rikkyo University



Journal of American of Chemistry, Vol.129, pp7319-7326 (2007.6)

Single crystals composed of two or three different kinds of diarylethenes, having similar
geometrical structures but different colors in the closed-ring isomers, 1,2-bis(2-methyl-5-phenyl-3-
thienyl)perfluorocyclopentene (la), 1,2-bis(5-methyl-2-phenyl- 4-thiazolyl)perfluorocyclopentene
(2a), and 1,2-bis(5-methyl-2-phenyl-4-oxazolyl)- perfluorocyclopentene (3a) have been prepared in
an attempt to form single crystals which exhibit different colors depending on illumination
wavelengths. The mixed crystal 1a/2a/3a changed color from colorless to yellow, red, and blue
upon irradiation with light of appropriate wavelengths.
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Photochromism of dithiazolylethenes having pyridyl and N-methylpyridinium
groups
Masahiro Irie*! and Shizuka Takami*2
*IRikkyo University, *2Niithama National Technology College
Journal of Physics of Organic Chemistry, Vol.20, pp894-899 (2007.11)

Dithiazolylethenes la and 2a having 4- or 3-pyridyl groups and 3a having N-methylpyridinium
groups at thiazole rings were prepared and their photochromic performance was examined. Upon
irradiation with 313 nm light the colorless acetonitrile solutions of la and 2a turned violet, which
show the absorption maxima at 538 nm and 530 nm, respectively. The violet color is due to the
closed-ring isomers 1b and 2b. The violet color disappeared upon irradiation with visible light (A >
480 nm). When the pyridine rings were converted to N-methylpyridinium ions, the colorless
acetonitrile solution of 3a turned blue (A max = 596 nm) upon irradiation with 365 nm light. The
absorption maximum of the closed-ring isomer 3b showed a bathochromic shift as much as 58 nm
relative to the maximum of 1b. In methanol 3a changed to green (A max = 750 nm) upon

irradiation with 365 nm light. It was suggested J-aggregates of 3b are formed in methanol.
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Effect of Heating on the Residual Stresses in TiN Films Investigated using

Synchrotron Radiation
Tatsuya MATSUE*, Takao HANABUSA*2, Kazuya KUSAKA*2, Osami SAKATA*3

*INiihama National College of Technology, *2School of Eng., The Univ. of Tokushima, *3Japan Synchrotron
Radiation Research Institute
The Ninth International Symposium on Sputtering & Plasma Processes2007(ISSP07) 20074E6 H .,
The structure and residual stresses of TiN films deposited by arc ion plating (AIP) on a steel
substrate were investigated using a synchrotron radiation system that emits ultra-intense X-rays. In
a previous study, the crystal structures of TiN films deposited by AIP were found to be strongly
influenced by the bias voltage. When high bias voltages were used, TiN films that were
approximately 200-nm thick had a preferred orientation of {110}, whereas TiN films that were
approximately 600-nm thick has a multilayer film orientation of {I111}/{110}. In this present study,
the two-tilt method was used to evaluate the residual stresses in TiN films by measuring lattice
strains in two directions determined by the crystal orientation. Residual stresses in 600-nm-thick
as-deposited TiN films were found to be -10.0 GPa and -8.0 GPa for {111}- and {110}-textured
layers respectively, while they were -8.0 GPa for {110}-textured layers in 200-nm-thick as-deposited
TiN films. Residual stresses of both films relaxed to thermal stress levels upon annealing.
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Measurement of electromigration-induced stress in aluminum interconnection
Kazuya Kusaka*!, Takao Hanabusa*!, Shoso Shingubara*?, Tatsuya Matsue*? and Osami Sakata*4
*ISchool of Eng., The Univ. of Tokushima, *?Faculty of Eng., Kansai Univ, *3Niihama National College of
Technology, **Japan Synchrotron Radiation Research Institute
The Ninth International Symposium on Sputtering & Plasma Processes2007(ISSP07) 200746 H .,
The behavior of electromigration-induced stress in nine parallel aluminum interconnections was
investigated in-situ by synchrotron radiation at the SPring-8 with the approval of the Japan
Synchrotron Radiation Research Institute. The nine parallel interconnect lines were all made of an
Al-1.0%Si-0.5%Cu alloy. The electromigration tests were performed as a function of applied current
density. When the current was applied to the lines, 26 of 111 diffraction peak decreased for all
measurement points. This indicated that compressive stresses were present at all measurement

positions in the lines. When the applied current was stopped, 20 of 111 diffraction peak reverted



to its initial value for all measurement points. At constant current density, no changes in 26 could

be observed for any of the measurement positions.
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Crystallization of low melting glasses containing bismuth oxide was studied by means of XRD,
SEM, and EPMA. Glass compositions used in this study were 40Bi,0,-(40-x)B,0,-(20+x)TiO,
(mol%) system. These glasses were crystallized at the crystallization temperature of each glass. The
crystals were identified using XRD. These crystals were Bi,Ti, O, Bi B, O,, and Bi,Ti,O ,. The
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crystal which crystallized 40Bi,0,-40B,0,-20TiO, glass was almost Bi B, O,,. On the other hand,
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the crystal of 40Bi,0,-25B,0,-35TiO, glass was Bi,Ti,O , and Bi,Ti,O.. 40Bi,0,-25B,0,-35TiO,
glass was heat-treated at each temperature. As a result, it is found that the crystal becomes only

Bi,Ti,O,, crystal at 700C.

SE EX
MA& LUKy b 7L Rlc &k BLaFe,Sb 2B E OFR
HEP A EEER?
TR I TS P R A o TR, T R S R R BT R R
HAMER S MESGR SFRIERE F16ME A K196 H16H

LaFe,Sb #BICHIA L 72 IRAMARICHHRAR =L IV a2 h=hr7as v 7 (MA)ZL, 20
MRz SR FHEMARS v ~ 7L AEE TR L, 5o bR o s, mE ., fHE T, X
Ry —vofitizito7, ERHERIIROMEY TH%, OLa,Fe, S RKEZ100hs ) v 7§52 L
THMICRAT 5 b DD, LaFe,Sb ,~D&BLETICIEES Vv, @100hd 2V ¥ 7 TRHEAHERD
FRIZZEM L R 0d, Z2OBE Y P 7L ARG T 2 2 L THBKRELS TNagardb s, @by b7
LABICHE DS TN B EN E LT, BEEFOShbOBEFI LB EZ 6N %, @MARRZELST54EL
THMRDIRETASLS R 5K, BT 20805 5,

ik E=th

Effect of Heating on the Residual Stresses in TiN Films Investigated using
Synchrotron Radiation

Tatsuya MATSUE*, Takao HANABUSA*2, Kazuya KUSAKA*2, Osami SAKATA*3

*INiihama National College of Technology, *2 School of Eng., The Univ. of Tokushima, *3 Japan Synchrotron
Radiation Research Institute

The Ninth International Symposium on Sputtering & Plasma Processes2007(ISSP07) « 20074E6 H



The structure and residual stresses of TiN films deposited by arc ion plating (AIP) on a steel
substrate were investigated using a synchrotron radiation system that emits ultra-intense X-rays. In
a previous study, the crystal structures of TiN films deposited by AIP were found to be strongly
influenced by the bias voltage. When high bias voltages were used, TiN films that were
approximately 200-nm thick had a preferred orientation of {110}, whereas TiN films that were
approximately 600-nm thick has a multilayer film orientation of {I111}/{110}. In this present study,
the two-tilt method was used to evaluate the residual stresses in TiN films by measuring lattice
strains in two directions determined by the crystal orientation. Residual stresses in 600-nm-thick
as-deposited TiN films were found to be -10.0 GPa and -8.0 GPa for {111}- and {110}-textured
layers respectively, while they were -8.0 GPa for {110}-textured layers in 200-nm-thick as-deposited
TiN films. Residual stresses of both films relaxed to thermal stress levels upon annealing.
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Measurement of electromigration-induced stress in aluminum interconnection
Kazuya Kusaka*!, Takao Hanabusa*!, Shoso Shingubara*? , Tatsuya Matsue*? and Osami Sakata*
*ISchool of Eng., The Univ. of Tokushima, *2Faculty of Eng., Kansai Univ, *3Niihama National College of
Technology, **Japan Synchrotron Radiation Research Institute
The Ninth International Symposium on Sputtering & Plasma Processes2007(ISSP07) - 20074E6 H

The behavior of electromigration-induced stress in nine parallel aluminum interconnections was
investigated in-situ by synchrotron radiation at the SPring-8 with the approval of the Japan
Synchrotron Radiation Research Institute. The nine parallel interconnect lines were all made of an
Al-1.0%Si-0.5%Cu alloy. The electromigration tests were performed as a function of applied current
density. When the current was applied to the lines, 26 of 111 diffiraction peak decreased for all
measurement points. This indicated that compressive stresses were present at all measurement
positions in the lines. When the applied current was stopped, 260 of 111 diffraction peak reverted
to its initial value for all measurement points. At constant current density, no changes in 2 6 could
be observed for any of the measurement positions.
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Studies on the characterization of sulfur and coloration in borosilicate glasses
Taro ASAHI*!, Susumu NAKAYAMA*2, Tokuro NANBA*3, Hajime KIYONO*4, Hiroshi
YAMASHITA*5 and Takashi MAEKAWA*>
*IDepartment of Materials Engineering Niihama National College of Technology, *2Department of Applied
Chemistry and Biotechnology Niihama National College of Technology, *30kayama University, *#Hokkaido
University **Ehime University
7th Pacific Rim Conference on Ceramic and Glass Technology (Shanghai, CHINA) 20074E11H

Ternary alkali borosilicate glasses containing sulfur were prepared by conventional melt
quenching method, and their chemical bonding states were investigated based on XPS and 2°Si,''B
MAS-NMR measurement. The glass samples changed in color from blue to reddish brown due to
the state of sulfurs and their glass compositions. From S2p photoelectron spectra, it can be seen
that the sulfur exists with a negative charge in the glass. The formation of non-bridging oxygen
components was observed from Ols photoelectron spectra of the glasses, which colored to brown
and reddish brown. Furthermore, the signal of silicon atoms coordinated to the sulfur was
detected in these glasses by the 2°Si MAS-NMR measurement. From these results, it was
considered that sulfur atoms bonded silicon atoms at the formation range of non-bridging oxygen
component.
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