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Effect of Heating on the Residual Stresses in TiNFiIms Investigated using SynchrotronRadiation

Tatsuya MATSUE*1, Takao HANABUSA*2, Kazuya KUSAKA*2, Osami SAKATA*3

*]1 Niihama National College of Technology, *2 Institute of Technology and Science, The University of
Tokushima, *3 Japan Synchrotron Radiation Research Institute/SPring—8

Vacuum * vol. 83 « 585 « 20094F.

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 {111}/{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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Aluminum alloys (e. g., JIS:AB052) are extensively used in industrial applications for mechanical
components. However, their application is restricted because of their low strength and low hardness.
In the present study, film deposition and ion peening were performed on the surfaces of aluminum
alloy substrates by arc ion plating (AIP). The aim was to produce a surface—treated layer on
aluminum—based alloys in order to impart them with a high wear resistance.

Wear tests were conducted using a caro—tester machine. The diameters of wear traces on the specimen
surfaces were measured and it was confirmed that they depend on wear resistance. In case of the
film deposition specimens, the diameters of wear traces were found to decrease. However, the surface
roughness was found to increase. A reduction in the surface roughness was observed for aluminum
substrate surfaces that had been treated by ion peening.

Therefore, a hard coating deposited on the ion peening treatments surfaces of aluminum substrates.
Consequently, the diameter of wear traces was reduced by 30 50% and the surface roughness was reduced
by 60%.
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Measurement of electromigration—-induced stress in aluminum alloy interconnection
Kazuya KUSAKA*1 , Takao HANABUSA*1 , Shoso Shingubara*2, Tatsuya MATSUE*3
and Osami SAKATA*4

%] Institute of Technology and Science, The University of Tokushima, *2 Faculty of Engineering, Kansai



University, *3 Niihama National College of Technology, *4 Japan Synchrotron Radiation Research
Institute/SPring—8
Vacuum * vol. 80 836 * 20064F.

The behavior of electromigration—induced stress in A1-1. 0% Si-0. 5% Cu alloy interconnections was
investigated in situ by synchrotron radiation at the SPring—8. The electromigration tests were
performed as a function of applied current density. When the current was applied to the lines, 111
diffraction peak shifted to lower angle for all measurement points. This indicated that compressive
stresses were present at all measurement positions in the lines. When the applied current was stopped,
111 diffraction peak reverted to its initial position for all measurement points. At constant current

density, the position of 111 diffraction peak didn’ t change 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', Tokuro Nanba? Hajime Kiyono®, Hiroshi Yamashita®and Takashi Maekawa®
' Niihama National College of Technology, ? Graduate of School of Environmental Science, Okayama
University, ® Graduate of School of Engineering, Hokkaido University, * Graduate of School of Science
and Engineering, Ehime University

Journal of Ceramic Processing Research, 9(4), 401-406 (2008).

Ternary alkali borosilicate glasses containing sulfur were prepared by conventional melt
quenching method, and their chemical bonding states were investigated based on XPS and #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 #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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Electrical properties of (Na)0) 4 ;(RE,0,);,(Ge0,) s, (RE= Sm, Gd, Dy, Y, Ho, Er and Yb) glasses
Yan Lin AUNG*!, Kazunari ITANI*?, Taro ASAHI*®, Hajime KiYONO** Masatomi SAKAMOTO*® and Susumu
NAKAYAMA *2

*1 World-Lab Co., Ltd., *?Department of Applied Chemistry and Biotechnology, Niihama National College
of Technology, *®Department of Electronics, Information and Communication Engineering, Osaka Institute
of Technology, *! Division of Material Science and Engineering, Graduate School of Engineering Hokkaido
University and *° Department of Material and Biological Chemistry Faculty of Science Yamagata University
Materials Chemistry and Physics, Vol. 109, p. 30-33, 2008.

Seven kinds of sodium rare earth germanate glasses, (Na,0) ;(RE,0,);,(Ge0,); , (RE = Sm, Gd, Dy,
Y, Ho, Er, and Yb), were prepared, and their properties as a Na® ionic conductor were compared with
those of the previously reported silicate glass analogues, (Na,0),; ;(RE,0,);,(Si0,)5; ;. Density was
increased with increasing the atomic weight of rare earth element. Crystallization temperature for
the (Na,0) 45, (Smy0,) , ,(GeO,) 5, , glass was about 600 °C, which was about 150 °C lower than that of the



corresponding (Na,0) ,- ; (Sm,0,) ; , (Si0,)+; , glass. Conductivities of the Ge system glasses were little
affected by the change in ionic radius of the rare earth. The conductivities of the
(Nay0) 55 - (Y,0,) ; 5 (Ge0,) 5, ;, and (Na,0) 45 ,(Y,0,); ,(Si0,) s, , glasses were almost the same, though the
covalent bond character between Na‘ and oxide ions was found to be weakened in the Ge system from
their ®Na-NMR spectra.
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Improvement of temperature coefficient of capacitance in Y5V film capacitor
T. Hino*1, N. Matsumoto*2, T. Takahashi*l, M. Nishida*3, Takao Araki*3
*]1 Environmental Materials Science and engineering, Niihama National College of Technology, Japan,
*2 Center for Advanced Science and Innovation, Osaka University, *3 Department of Materials Science
and Engineering, Ehime University
Journal of Materials Science Society of Japan, 45 229-235 (2008.12)

The Y5V/SrTi0, film capacitors yielded a high volumetric efficiency of 60 uF/mm’. By controlling
the gas pressure, the TCC was improved to become week.

B &

Effect of B Site Cation Arrangement in BaTiO, on Dielectric Properties by Artificial Super
Lattice Control
T. Hino*1, T. Sugioka*2, M. Nishida*3, Takao Araki*3
*1 Environmental Materials Science and engineering, Niihama National College of Technology, *2 Graduate
student of Engineering, Ehime University, *3 Materials Science and engineering, Ehime University
Micro joining and Assembly Technology in Electronics Vol. 15 225-230 (2009. 1)

We fabricated Ba(Sn,Ti)O3 superlattice by controlling B site cation arrangement within atomic

scale.
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Techniques to separate metal fromwaste printed circuit boards in discarded personal computers
T. Hino*l, R. Agawa*2, Y. Souno*3, M. Nishida*4, Y. Tsugita*b and T. Araki*4
*] Environmental Materials Science and engineering, Niihama National College of Technology, Japan, *2
Sumitomo Heavy Industries, Ltd., *3 First inc., %4 Department of Materials Science and Engineering,
Ehime University, *b Sumitomo Metal Mining Co,. Ltd
Journal of Material Cycles and Waste Management Vol. 11 No. 1 42-54 (2009.1)

We examined a method that separates the materials from printed circuit boards contained in

discarded personal computers
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Photochromic properties of 1, 2-bis(6—substitute—2-methyl-1-benzofuran-3-y!) ethane derivatives

Tadatsugu Yamaguchi!, Shizuka Takami? and Masahiro Irie®
Hyogo University of Teacher Education', Niihama National Technology College? , Rikkyo University®



Journal of Photochemistry and Photobiology A: Chemistry, Vol.193, ppl46-152 (2008. 4)

1, 2-Bis (1-benzofuran—3-yl) perfluorocyclopentene derivatives having iodo, phenyl,
2, 4—diphenylphenyl, nitro, and formyl substituents at the 6 position of the benzofuran ring were
synthesized. The photoreactivities of these compounds were studied in terms of the measured quantum
yields and the conversions in the photostationary state. The mono— and bis—2, 4—diphenylphenyl

derivatives showed photochromism in an amorphous phase.
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Preparation of Fine Mg,CaFe,0, Powder Using Reverse Coprecipitation Method for Thermal
Coagulation Therapy in an AC Magnetic Field.

H. Hirazawa™!, S. Kusamoto*?, H. Aono*? T. Naohara*?, K. Mori*3 Y. Hattori*®, T. Maehara™*, and
Y. Watanabe®®
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J. Alloys and Compounds, 461, pp467-473, (2008. 8)

New magnetic materials having a potentially high heat generation ability in an AC magnetic field
were studied for application in thermal coagulation therapy. The Mg, Ca,Fe,0, ferrites with X varied
from 0 to 1. 0 were synthesized using a reverse coprecipitation method. The obtained precursors were
calcined at various temperatures in the range of 300 to 1000 °C with the intent to obtain fine ferrite
powders. The heat generation in an AC magnetic field was very poor for X=0. However, the heat
generation improved with partial Ca® substitution of the Mg? sites. The maximumrise in temperature
(AT) in the AC magnetic field (370 kHz, 1.77 kA/m) was ca. 50 °C for the samples with 1.0 g in
weight and 0.2 ~ 0.8 in X of Mg, CaJfe,0,, Especially, the samples calcined at 800 °C showed the
highest heat generation. When the Ca?" substituted samples were calcined at 900 °C, the heat
generation was reduced due to decomposition into the two phases of the MgFe,0,~type cubic and
CaFe,0,—type orthorhombic. In addition, the samples calcined at 300 °C also showed a high heat
generation. Although the crystal and particle sizes increased with the calcination temperature,
they did not influence the heat generation of this system. The heat generation of the samples was
closely related to the hysteresis loss. The reason for the high heat generation properties of the
samples calcined at 300 °C and 800 °C is ascribed to the increase in the hysteresis loss by distortion

of the cubic crystal structure.
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Light—-driven actuators that reversibly change shape and/or size have attracted much attention

because they can allow remote operation without the need for direct contact. Here we report on rapid



and reversible macroscopic changes of diarylethene crystals in shape and size upon photoirradiation.
The diarylethene crystals are deformed upon irradiation with ultraviolet light, and the deformed
crystals are thermally stable and return to the original state upon irradiation with visible light.

The crystals respond in about 25 microseconds in shape changes and they can move microscopic objects.
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Heat Generation Ability and its Computer Simulation of Metallic Materials in an AC Magnetic
Field
Takashi NAOHARA*!, Mitsuteru NISHIOKA*!, Hiromichi AONO*!, Tsunehiro MAEHARA*?, Hideyuki HIRAZAWA
*3 and Shinya MATSUTOMO*?

*] BARRP T, #2 B R PR, 3 FEi TR AR
TV —F /b, H8%, 54-58 H, (2009.3)

An attempt has been made to obtain a needle—shaped metallic material applicable to the ablation
therapy of liver cancer. The heat generation ability of the Fe, and Fe-based alloys, Ni, and Ti
with 2mm in diameter and 20mm in length were studied in an AC magnetic field of 1.77 kA/m at 370
kHz. The Fe and Fe—based alloys and Ni with ferromagnetic properties exhibited marked increases
in temperature (AT) up to 58°C, while the AT values were at most 6~10C for the Ti and Fe-18Cr—8Ni
alloy with paramagnetic and non—magnetic properties, respectively. Computer simulation allowed
us to interpret reasonably the experimental data, suggesting that the eddy current loss plays a
major role on the heat generation ability.
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Crystallization of Bi,0,-B,0,-Ti0,~RO (R=Ca, Sr, Ba) glass was investigated by means of XRD, SEM,
and EPMA. These glasses were heat—treated at 600C for 60 min and analyzed by XRD. The crystal in
Bi,0,-B,0,-T10,~Ca0 glass was only Bi,Ti,0;. On the other hand, the crystals in Bi,0,-B,0;-Ti0,~Sr0 and
Bi,0,-B,0,-Ti0,~Ba0 glasses were Bi,T1,0; and Bi,Ti40,,. However, there were few ratios of Bi,Ti,0; in
the Bi,0,-B,0,-Ti0,~Ba0 glass. As a result, it is found that the addition of BaO in Bi,0,~B,0,-Ti0,

glass is effective in production of Bi,Ti;0,, glass—ceramic.

W Eh

REWEBRIZKDTILI = LEEDOMEESREICEAT R
TEER O], AR
*1 FE IR T3S B A R, *2 BT ER L s S P AR R B AR T2
F17ME B AMEEM RS UESGTEEE RS (EA) - 20084-7H
IO T & BRI OSSO, MEHTIZ 2 E CULRICRE L, Sl SRD 5 Tng, A

WFFEClt, 7V =0 AAEFROFEITA A L B AELE i U 7= B RO 21T 5 2 B LALEE
TEIC X D MEREUGED FIREMEIC DWW TG LT, £ DOFRERIROE AL bl

(1) CrA AN L DIEAIR A i U 7= 12 ORI B W TICrOfERI - Th D Ra v 7 Ly MMk
RTE LN, REHSITFRDOAZDEE (10, 15umRa)) EIFEA LR L TH-o72, () CrA/ A2 d D
AR ZIBWTITHEAR DDA X 0 b R THIZ0% OEEFEEEA DR HER TX -, (3) 2@ ki
BCI, BREREEZRDOKE SIZOWTUIERDOADLE L0 30 50%FEE DI MR T 7=, o, #
AL S IZOWT RO ADEE L0 HE K T60% LA EDIR A R CE 7=,

W Eh

ENIE % L -CrNSEIR DRI H R
AEEEA, S fRk2, B R —thx2, IHEE*3
*1 BRI TEREERR, %2 B RKFERFERLY VAT 7 ) A = AR,
*3 MEVE N S E LR I %E o % — (JASRD)
H43[E] A AMEF P XM EHREICRE T o > AR Y A (OTER) - 200747 H
AWFFETIL, 7 v b a Ui E O CERO B 2 N 2 7= CrNidfsl 2 331 ) 2 7B I EDZE ki
DWW THRETEIT 72, ZORER. IROF NG BT,

(1) AF T V—T 4 7RI E D AT 2 U AFMR EITTERR S 407 CoNTEIBE DG St RAE T XCrNff il & Cr N
FEERANEIE LT b D & 70D, £7-. CeNfbsbi X[ 110] s sehilmE 2 A L Tn5,  (2) AER 2304
& U 7= CrNiE G EIRE SR 1 1GPadD [ EME DRI I DMFAET 2 23 BVUERRE D EFIZ & b7 ME L |
BRG] EIRFRI A E 725, F7o, BRI 2 1557 & U 7-CoNiifi Tl pliERE 25— 10. 56Pad [ AR =Y
I TIDMELE L TN D08, 400°C DEVIEREL 133U THI-3. 0GPa & BRI I L~ TIR 35, L L,
600°CLA EOBEIR CIXFOVEREFRRDIS I -126Pa L BIN4 %, (3) #2154y & L7~ CrNyses
IZBW TR S HRIOF T 21T > 7o R, AR O ERICE bianREN IRt s b, Fiz,
WEROREREE (N/C) 13590. 87T TH Y . BRI KA EIHIF E A E72n 2 E b7z,



W Eh

Relaxation of Residual Stresses in Thin Films Investigated Using Synchrotron Radiation
Tatsuya MATSUE*1, Takao HANABUSA*2, Kazuya KUSAKA*2, Osami SAKATA*3,

*1 Niihama National College of Technology, *2 Institute of Technology and Science, The University of
Tokushima, *3 Japan Synchrotron Radiation Research Institute

The 8th International Conference on Residual Stresses (ICRS-8 : Denver, USA) + 200848 H

The structure and residual stresses of TiN thin 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. However, when film thickness were approximately 200—nm,
TiN films deposited by bias voltage of —100V and OV had a preferred orientation of {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. The TiN films
deposited by bias voltage of —100V had the compressive residual stress of —8.0GPa. These residual
stresses decreased on increasing the annealing temperature, and it became residual stresses of
—3. 5GPa in the annealing temperature at 800°C. On the other hand, TiN films deposited by bias voltage
of OV TiN films had the compressive residual stress of —6.5GPa. These residual stresses decreased
on increasing the annealing temperature, and it became residual stresses of —b. 2GPa in the annealing
temperature at 800°C.
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Coloration and local structure analysis of borosilicate glasses containing sulfur

Taro ASAHI*!, Susumu NAKAYAMA*?, Tokuro NANBA*®, Hajime KIYONO™* Hiroshi YAMASHITA™® and Takashi
MAEKAWA *°

*Department of Materials Engineering Niihama National College of Technology, *?Department of Applied
Chemistry and Biotechnology Niihama National College of Technology, **Okayama University, *'Hokkaido
University *°Ehime University

The 6th International Conference on Borate Glasses, Crystals and Melts (Himeji, JAPAN)

2008 4£ 8 H

Ternary alkali borosilicate glasses containing sulfur were prepared by conventional melt



quenching method, and their chemical bonding states were investigated based on XPS and Si, !B
MAS-NMR measurement. 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 *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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The sized nano MgFe,0,~based ferrite powder having a heat generation ability in an AC magnetic
field was prepared by beads milling and studied for application in thermal coagulation therapy.
The crystal size and the particle size were significantly decreased by utilization of the beads
milling. The heat generation ability in the AC magnetic field improved with the milling time, i.e.,



a decrease in the crystal size. Especially, the highest heat ability (AT=34°C) in the AC magnetic
field was shown for the fine MgFe,0, powder having ca. 6.2 nm in crystal size (the milled samples
for 6-8 h using 0. lmm beads)
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For the FeFe,0,, the heat generation ability in an AC magnetic field is influenced by the crystal
size. We have also reported that the FeFe,0, has the maximum heating ability at a crystal size
of about 12 nm. We have found that the MgFe,0, has the highest heating ability of various commercial
ferrites. Furthermore, we reported that the Mg, ;Ca, ;Fe,0, prepared by reverse coprecipitation
method and calcined at 800 oC has the highest heat ability in various ferrite. However, it is
difficult to encapsulate it in liposome because the grain growth and cohesion were caused by
calcination. In this study, we investigate the heat generation ability in an AC magnetic field for
nano-saized Mg, :Ca, ;Fe,0, powder prepared by physical milling method and apply it for thermal

coagulation therapy.
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The sized nano MgFe,0, ferrite powder having heat generation ability in an AC magnetic field was
prepared by bead milling and studied for application in thermal coagulation therapy. The heat ability
was improved by a decrease in crystal size using bead mill. The maximum ability obtained for the
sample having 6.2 nm in crystal size. After the milling, the calcination of the sample was also
effective for the improvement of the heat ability.
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We prepared the Mg, \Ca,Fe,0, ferrite system using two methods of ethylene glycol method and reverse
coprecipitation method. The maximum heat generation ability (AT) was obtained for the samples
calcined at around 700 °C and 800 °C for the two methods, respectively. The calcined temperature
of the maximum AT value would depend on the crystal distribution with the phase change between
cubic and orthorhombic phases



