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Chemical Design for Novel Perovskite-type Oxides
—Beyond the Phenomelogical Theory-

Ohig ', ms e

Mitsuru Itoh! and Téru Kyémen?

AR

EM R, R

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.

Key Words : perovskite, ferroelectrics, ferromagnetism, electronic conductor, lithium ion conductor
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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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Creation of New Functions by Controlling and Utilizing
Nanostructures in Transparent Oxides of Abundant Components

MR IE, ARAHIR?,

Hideo Hosono', Toshio Kamiya®

eIy ABER P B, (RIS IR

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(Zn0O),, (R=In, Lu etc., M=In, Ga etc., m=integer), (iii) nano-porous crystal 12Ca0O;-Al,0O4
(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:¢". 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

WA, DA T ~—Yw 2, AR

Hisao Yamauchi',

Maarit Karppinen® and Teruki Motohashi®

BTy ARRERR T AR AR BB CFIB) T

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-7, 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-T, superconductive copper oxides, (2) halfmetallic iron oxides,

and (3) thermoelectric or superconductive cobalt oxides.
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%) =49 % Kawata 5 (Phys. Rev. B 60, 10584 (1999)) [Z&5 x
=055 B DFER.

Na,CoO, TIEEIINafE (x) 2F¥UTEREEZFRIL T
DHDT, BNEE BT DNa R E L ED
B BILLE VRN, 20034812 6™ 1T, BRG T
HibHx = 0.7DFREA B FEIR R ClRICLEICK S T4
AVH =N —bTHZ LK, L FH % Nag35C00, -
L3HODELNT, = 4.5 KOBIRERLRHZ LT R L
7o RIRETIZ BT DTV T | B, R
W TCoD Mz AR EL . ERRbFROIEES L
HCoN L LiTHA2N~3.48 & (FAELY) KL, A—/L-
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R—FRThdELrEEILY.

5 BRICZTFYLTY
M BRIV TFITIOEEH

BEREMEA B L CBUERD M SN DB, 1FEA L
ETHBREHMEEZ ST EBEBRIEYTHY, Zhb
BRI CIImREE AR E BB A R ORIk
REM, R A4 5E, MREVE:, BB, SR,
FZAETE PE72 E O WVEE R L TV A, RRIZTRFE B R
{EEWTIE, FYVTREDEACRE RIS EE T X
BT ZENHDLN, T T IREREICIIMBEROFE
FHBSMETHD. W TR V=TV 7 | (BB
(B DEEE AT MEZ T E LI 28k 1, R
KOBNTHEREM AT TR OBRE, A2 T 4~
VRZAPEHBIRL L X B R A R AR B R E TS,
PLRNIC B =T V7 8 ENLHEE RN T 5.

(2) EREFZDIE (n situ) FlH: BRR D EHIEHE BUE

RIACIF T X OITE T, T7b b AHH O HR
S E T CRUEHMERIZITV, @ OFE R ESRMETIIss
NWRWIE A RETTY. BRI, TiE BRIk 5
OB WS BEREEED I A IE PICE T, 2o
GREBRFZ S Z LTINS, B-121CR# 7 & [
R OISR 2R, AEE R ORE D EILEES
VB LFRFE T AD B OB R AT Ik E S, 1070
RIELL T SV TR IR R 0 TE R AR DR S 15D
N5, ZOFEICKY, A RREO TR IS I 73 K #HE7g~—
T AE R ST,FeMoO, 20 R0, B Bk FF iR AR
BaYMn,Os,; °" 728 % FL# A 5 (2 H > FFBIME LS A Rk
THIENTES.

69— DO LT, BEEIEICRBT DA RS &l
THDY. BEEETIE, HESLAEE RN TRFRIE
FC1000°CLL LD KO LB E L4 71
NOFRTREHERRZ1TY. ZOBE, THEEHEIR I L LT
KCIO;PAg0, & i BHZ BRI~ 4UE, TN EE TR
LiEWEER DI LN TED. 2B, StO/REDEH
GHENFELS2ZOEFEALTVINERLEYETHILE
MO&EBAA L D—2LLTEENDEE K% T NEREE
FFIELTHWDIEL HRETHD.

®-12 EER7v2RIEE SO

(3) HALER (L BHEEREH{H: TCODE®



EREVLEZ X > THBIWE (1R) 21572, (KR TR
ANT =— VT 2RI KRR S A BAHIE A1,
REIOREHE A TEHIT B LTI —EIRE TOEIT
R T T =— WLV ERHR EA /D SR HI 3
57515, 972> HTCOD (= temperature-controlled oxygen
depletion) IENA RN THDH. 2D T 0¥ ALK 7R K FE
(TG) TITHZEIZED, (1) T AFEEEEGLTDDIR
FEM A TGN D EREG T Z LN TED, (2) R &
&2 D% (in situ) THIFIL, IRETDHZENATHETHD,
(3) BB E BEORIFE(LELY, B2 PR RE D E Rk A
BHIHETED, REDFRENR®S.

BARBIELT, FHATIOIAT 1o Mg ko SV Ng{b o
— ¥ : Ca3C03.0509+5 [= (CoCay034,)96C00,] PTCODT =
— L DFERO #1307 . ZOEBRTIL, ERBTA
kL 7z#EH2400, 500, 600, 750°C, Ny& it 7 =—/1L
7o, T=— ViR EO BRI BB ST A E &
T IE (Aw) BRELT2->TND. 728, Awd BETH DI
DI R § 1L, BRLIE Ol E 1L TR E LT E S D TR
—H AR TWD.

4) BRREDIRTE

HREOBEBSRBOBLIRE CREEA ) (%, IRz
JUT TEE (BB IR RSB ISR TE T HZENTED. -
2ICEB A B LRI DR B E DT O E L
WZOWTEEDTZ. WT IO EEIZBW TS, Ukl
VAR TR DB ITE LA Z VT E o dlidk 4
JBAA BRI CL, ROSICTEE LR ekl Batk
TILFERESCY — ANV IEL Ttk 4R O E
N OV BA R E T 5. i E /T Ree W E O FEFIZ OV
TIX, & ENDE M A RS VDR STA OBRLIE T
BALOBER TR EDTZD, WE T LA il 152 B R
THLERDD. GELUIBE k6 SR, ) 72 BERb
O LT, B g E RO R Ve BT I L oM E
FEEAbe L Ok T EIR BB AR E KB/
DINFERETHD.

0.2 T T 9.3

5=0.24 V(Co)=3.16
0 |-
-9.2
S -02} 0.15(3.12)
= 041 0,07 (3.08) q9.1 +
<
2
2 06| 0.00 (3.04)
-9.0
08 005 (3.02)
-1.0 1 - L 8.9
0 200 400 600 800

Temperature (°C)

B-13 SXT4vREKRI/NILMEIEY) CazCo,0504:5128 T AR E
HfDT=HD TCOD 7=—)L ». fitdh(H) TEERIIEEL
YRTELONEERE 9+ O RFD § RU/NILEDF
#ffi%k UCo) FEELETTEERICKYRESNEERT.

FR LI e E RIS LD R b I LI JE D —D L L T,
R ABAR AR BLLST, (Y, Ca)Cu,Oust BT D7 1y [
TP JE O3 A DFRATY N F T oD, ARFZETIE, Cu'e
Fe* &\ \92 D DI TLAIZ 2B I W e 7 — ARV E 1R
(K-14) Z Bl L CHARE CuO, i & & il 4% 8 (Bi,0,.5
JE) DR — VIR EEEBNCREL, KEIZIBITFHCu0,
I DA E R B EA— VIR (p, ~ 0.06) iR Tk
B2 DR — VIR (p,, ~ 0.12) Z#) THLMNIZL
7o BT RET, A FETHRELELLA TV EBID )
B e R+3.13F T ERTHZEMHBLI A THY, A
W BT DB E XY U T IR E OB T O AR EO FE
LA ETHS.

Consbanl cLamrl Souncs

H-14 9—RAANJFEEZDREBEE

-2 BRERRIMICETIFRRERTEDODEILETHEEE

ik BEILA SR BOUG HEROHE S
I— KA LU (iodometry) I S,0:5 I X B4 LZ LoiET DAL
& U A KV (cerimetry) Fe* Ce™lz & 2 i Fe* iRl oL
77— A U [Fe(Il)/Fe(Ill) coulometry] Fe** SETE Fe2 O BEAmER L EATHIE
7 —n A U [Cu(T)/Cu(I) coulometry] Cu' BT Cu' D B AmREEA EATHIE
TE BN RS R [Cu(l)/Cu(ll) electrolysis] Cu' T Cu’ D BABER L BALIE
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AR EARDGE, RV T E 15 DM XHRIK I
5yt TR — VIR IE DR TEE D HESLS TS, Cu
L-edge X°, O K-edge O X 7 W U S U1 3% 4% & (X-ray
absorption near-edge structure; XANES) 43 JEART MLAZ
BN, A=V DFIIN =T ENTe R — VT HIE T 5
E—s 8B 5 (R-15)". 2o —27 O E IR
— 7 BEICHABIL, ZOFIETRIESNOR—/VIREITRE L
IRITE DOFE L BV —EBEL N THA.

Intensity {arbitrary units)

]
#

e =2 1i]
Fhaton enengy (&)

BE-15 Bi,Sry(Y;-,Ca,)Cu,045|Z851F7% Cu L,;~edge XANES RRJ+
L. E~ 932 eVDE—YIRU E ~ 933 eV DI alLF—
[XZE3RIIZ Cu' & Cu™ IZXT T 5.

6. £&H

YL EDEDIZ, 3dER & B LY Tt omE RIS
SNV AW WAL DRAN LY/ R Cviae E e R T S et _néaim
723 0 DOMEBEMERR L MBIV T by MERIRIZF v )
TR=TLIEMETHY, BBERICEDLERAL R
B IRIEZ TS B IS 1 (F2idh—v) 2@ E L [ I RE
EIEHT D, BB RIS ) TR KT B0
BB REBRIYh TR R (= %Jﬁ,mﬁmﬁ%ﬁﬂk
fE) R ETLMFE G A EOREFTEHE, +72bb
MipFr =TV 7 | OEIEMIIHGNTHD.

[ BRI RE Sk DOt sR 2 B A - A E Ch D=0, B
T S T A LT HR U CIEARATREIZII V. L7edd»

T, AT DR IR CX, ERSRBIR LWITIAR
kv rhn= ZFM BB ORF L FThDHENZD.
FRNVEE T HH BN R AT 23 S ChHZEE B E T L
ﬁ:ﬁ%*ﬁfikO){E%Eﬁ%/f ZXOfESEN IR T-ECS %1%

NS E DT CTERZIGE B GLND ATH
LSBT FT LN D~=T T )T IV TR LT
PR BB N LN, FRlZZhETHREORWEIT- 2B
KRAEXKERE (= LB PE L EBN R L) 2 FF
DL ORI N EIFREEND.
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B S R r N D LAY b I /D 4 e = S
FT2, BB LROKFBAGEE R, WADLDLOMTEA, i
8, FEEROFT # OEBICEILBL BFES.
2, WLKISETHFEN) FERAEIS T, NAOENIZHFFE
F L ORI FIR) AR E2ZATL, BIZ<hOEE
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Ceramics Nano-engineering
for Creation of Wonder Materials
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Mamoru Yoshimoto!, Atsushi Sasaki®, Norihiro Tateda®, Wakana Hara®, Akifumi Matsuda?,
Takashi Okada®, Masashi Kitamura®, Sei Otaka* and Shusaku Akiba?
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*e—mail: m.yoshimoto@msl.titech.ac.jp

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

1. [XL®HIZ

il (K a R— AL LB T A AGE TOF ) A —
JVERLEN T T oM/ EEEILL, LT
OREEHIEIC L MEREIIRIER IS L CE2. —0F, B8
bW G te eIy 7 AE B 7 B Tl R -1
N —F —DOF JREERE O BB E T E T EmEST
ENQRYS

LK, BTIVv I AT HEREDOEIE | LL S b, SRk etk
EICHEDNT, Ei g, MmEFEN, RN, B
RARPL, 72 72 R R T DT, RERDPERTIIHE
BCERW - BT AEVEHA T A ADF—< T T
NEBIRRESN TV, 2O b =L 7 b= 2R B3
BT DX —7 7 /a0 —LUCRIFBNDON, FKif - F i
DF ) A — VAR & i b AR DJRF L~V T 5.
BE D JEICFE LA T DB I, KR I
T TEONR) T — a9 b )R, Si, GaAs/aE D -E K
LITE ST KO R T i - S R 2 2k S o.

INETHE XL, BIIvI A, FRIBLH OSSR S
AL~ THI T 5220 XL T, L—Y—T 7L —
varET a2 N— 2L UL — =S AR T e A
v— (L ——MBE) (k& B L C&72". L—¥ —MBE%:
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B TIVIADTF ) =TV T EEEL T, B RE
DIER B2 H0TIERS, BRI EZ A T8k
VWO ER T # —~<T 17 )L (Wonder—material) ” O
SERBLTC, ZTOAIE D S UM B 8% S0 5124 T
S>TET-.

BIZAE, B B RE G2 R T LS T D 1R,
AL 72 8 DTy 7 ARG RO E IR TO
AR, BEFRHKF COV 7747 R LA AYER
B S B OO (IR A AR, BRI fe 2% i -/ A 38 D il 4
00 e E XA BAL =L I b= AR DD DU —
< TFUT AR —F a AN % S UT- W7k 3
BWEL TS,

KEETIL, BIIvIADF )2 =TV T EER LT
DE =T VT VA OFEIELTC, (1) B IEROR
HALE T ATy TR, (2) HfGShEER R DR 71
SOV E R L T b (/947 —, IRV h) O
L, (3) S b~ A I L BRSSO ==
AR EZNE ST RIGEMOERA K, SHI24) &
TR ZRA LY 7 7 A 7 O =R A R & S IR
INB— TR, 72l ONWTHR A DTV —T BT IRS
AT CETMFERRAE EITRIT 5.



-1 0.20nmESDRFRTFYVIEE T HBFELE
YI74T (a-AL,O,B#ER) BERDRE
AFM{& (1800x1500nm?)

2. BRALMERICBITARFRTYT DR LB TR
REEBDT/RT— LT

T2 R S DD 4 A L7e 2 F AR 0 i MR 130
PR R R E R EBE RIET . — AFHICEZX TR
B A E R L AL L EA T, FORMEITITT /A
— A —=F —DMMNRHY, FFR ST LT
BDHERE)—T, fx IR 7@ ANRE LI D &N X
5. 2O ETIEARE RS EE G20, D702k
WECEPEIZSIEL, X v LR ITHShs L%
ZHND. THICKL, REPFES A—VEORELFR
oA O~A7 b —a Al b H O bz b o7 b
WHAROFE AL 7 nE AL LT, FxldBR 2 -
T R CTORIREBSLBLE NS 72 LR L. #
DFER, IR T @A) — 728 - 7T A & B A 72
JRA- AT T H T DN 2 DR B FER A 5528
WP TWA.

P b4 HELRS & BEAR DAL D728 D BVLER G141,
— % 121000~ 1400°CAF T TOHI 1~ 5 FEEE D K&
T == ThD, —HlELT, HFRL—V—RIEMETH
DGaNJERED G Fe L TS HWSNTND T 774
7 (a-ALO,HLfE &) FAa B Fif s, B-1 (Y7747
B g i 25 AR (00011) T 0> B4 AL B8 7% o i1 ] ) W 18
(AFM) 4 & 774, #8477 A0 b (8 ; %9 100nm) 121X

0.2nm = SO — 22 EHLIRIF 1 AT T PRSI TNDY.

FEMRF 1 O HALO R KIE, K& F1000°CH U
TR BV AW BES A— 2 J8 D2 & 3 M R 8l
IZEDH CHEESUBICEEL TWHEEZLND. ATV
TE BRI AR T BT RE D v AN 25 D FUC I SR L T
DLW, B/ NDAT T E ST R E N LY Bien? R T T
AMRNEA 7 2L THIICE, 7 ADBRKINEETTA
IEIZ/ NS, ATy T BEL ERT5. SBIZ, BT
RREH T =— V958, T AT YT RIEDOMAE ATy
NoFUT)PRET, e/ NAT Y7 OFEEDEmS D~V
FIFIEAT v T NEREND . U LB b BRI E
W, JFIRAT v F @S &) ) 2 — /LT H HICHIET& %

K-2 KEHPTOERIKDNA(TSRIR)D
AFM{4 (650x430nm?)

IOzl o710,

0.20mE S DR 1 AT v T HFFOLGA OB IHY 7 74
7 HAR(0001) 1f O 2 i 1AL A % 4y 1B S EH R LY
URalb—hUIEAE R, BT AR 7 Am O RSN,
60° IR 7= 851 R FRMEEZH L QWD EN DI >TZ. &
DL, BT DR A AL BEL S IS E 2 R
WA 7 747 (0001) fe K 7 Sk T DEHT 268G 7
STV,

[FIRR7 BB IZ L, T4 X2V ETITSITIO,, LaAlO,,
NdGaO, 72 & D~ 27 A MU B Bk SRR D10
ZnO S HA?, BEOT =T A MRS R 2812k
WG, B—1 OO T ATy 7 H/ I A PR E %
BTWD. ZNENDEGEZ VLIRS I T B2 50,
BEZA1000°CHHT THHD T, SO R B AE b Fe bk
DAF IR AL, Sk iE % K5 H11000°C {1
TEHL T LT AT 7 RO ATREMEA &
LEbhs.

— 7, BB b FAR X, BB A DA R L
JL TN ST AR PED O AFMBLEL A B AT — L L
Tl THHZ b7z, FEEE, BV 7 747 5K
DFEF ATy 7RI, KRRTITHHAA KT THAGD T
LBETHD. B—23KGEICEH FNDHTTTAIR LML
NAHERDNASY - (E 2K 2nm) 2 K& H 8122 L7-AFM{G
THHY. F 7747 AT —D0.2nm 5 S D E R R T A
ToTHLARICBESNTRY, ATy 7 HEN—FEON
HAr— OB EZ LTINS, Eio, #FHY 7747 %
Wz AT, [—Si—Si—Si— DX BEEIRSIHE G0 D7
BRI T FITBNT, 12100 E S FDOF =— 4%
EOBEITHLRIIL CDY, — 5, AR BRI
%) 2 rIAN) —CO KGR A H TH 5.

AT, BTG ALER L 7= R HELRE S AR D e e 1
J5T-J8 D ST L~V IZ OV Tl % . e i (F7213
O LB A I, (R (B 2e A A L BOEL Y
3¢ 1% (Coaxial
Spectroscopy: CAICISS)Z FIWCall~<7=. B —3 321k

Impact  Collision lon  Scattering
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SiC substrate heater |
and f
Goniometer ‘

excimer laser

RHEED gun

Cryo pump

CCD camera \

Substrate

KrF
i RHEED screen
-

UHV Chamber
CAICISS

Chopper
Detector 2 ~ 4 keV He™" or Ne™|
Sample (MCP)

K-3 L—H—MBEZER(L)ECAICISSY R T LKI(T)

WL D 1L~V D 7260 DL — Y —MBEE & [ &
CAICISSY AT LK TH 5. HELFAA390° i&Lﬂ%*ﬂ&
DR A A B EL T FedE & E Y, CAICISS TIX FEZE [ fif
BRI KoM & T o Hipdifk, U 7’»574AT@%@%%%{EIJ
ZAHEIC T2 H M T, BELAZIZIXI80° (285 TNDA
MREREEMTHDY . BRI T IcL> THRELEN -
AF e —2Doh, (FI1F180° HiELMA THEIAR > T& Tz
(% T BEEL) BL 7 DB, HRAHTIZH D~ A7 aTF ¥ 1L
7L —h(MCP) IZE>THR &N . EZEMHFOJR TN E
WNEE T BELRL 1L <R - TLAD T, HELRL 7D
FNF = AT MV ETRI TR (TOR) { B2 L > THIE TS
ZEIZEYIEHERETED.

Fo, B—3 TOAHA o« BIOHNA ¢ 22 ET,

FHRFREICEDY Y R —A 7 Gl VR 7 +— T
V7 () S REFIRAT A EICEY, (1) FEHMDOA
B AF B — DT LA TOE AR ML O 5 3% 1 JR - F
DFEEE, (2) TOFY 7 FIVERE DY — 5 ASHA B
OO R TAEIEDORIE, 217928 NTED.

Bz X, ABO,(A=Sr, BaZak', B=TiZ2&) #akE A3
DT AT A MO A B B O %X, T
A0 RSO EIREBIERR Y, mFEEMERIEY, B
K TR 70 & 2w AL T DB I A< AW BT
W5, SEJ7 e E (a=0.391nm) & 3 5 SrTiO,(100) FE: K
DOEFEIFEFEELTIE, STOBETIOED 2 H5.
— 1 CORUEBIEHY 7 77 M ERIC IS, AR
Z R HF 1000 CHHE TR 52 L1280, T L-b
THEHZRT I A Ealil RIS T 550 F ATy 7D
BRINBIRDER M EAFHENTEDLY GH N T
FAMEE, (11117 AL B CAICISSHIEIZ XY, TiO, &>
FOB— VAR THHILEN DD > TWAD, ZIUTHL, &
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AERa T AHA el B D GaFeO I E A2 G 45
NdGa0, (001) FAR DA ITITA — VA A THHNIO JE
DI FE R B L 2> T,

Ilq Slar:

F s

LT
'illiHH”'lhl“Lﬂ'

I ||il R

EHERD Intensity (any. wnils)

I R T
‘limne {sec.]
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Flux-mediated epitaxy: new approach in vapor phase epitaxy to single
crystal quality of complex oxide films

A =], S 5 R

Yuji Matsumoto and Hideomi Koinuma
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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.

Key Words: Oxide thin film, Pulsed laser deposition, flux, combinatorial technology, single crystal
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EXAENR -FERGRICBITAFEZGTRR-
Giant Particle Size Effect
-Peculiar Phenomena in Dielectric Crystals-

BAIPY AR, IR B NS B, RS

Tooru Atake', [sao Yamashita®, Hitoshi Kawaji®, Takeo Tojo*

v 3 v 7 AT MBS, BT - MR, v T 3 v AMTEMBER, RBF

Extremely large particle-size effect was found in several dielectric crystals. In the case of III-IV phase transition of
CsZnPO, (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?

R
Ken-ichi Kondo

BT T AMENTER B

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 17-TaS, -

BT, 22 R
Yo Machida' and Satoshi Sasaki®

SR TAT B BRI B AR, S E T Ty 7 AT Y - B

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 17-TaS, 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 g = 0.28a* + ¢*/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 : I1T-TaS,, charge density wave, x-ray thermal diffuse scattering, soft phonon mode
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Thermodynamic Study of the Formation and Growth
of Ferroelectric Nanoregion in Relaxor Ferroelectrics

U ¥, SERE, SRR B
Hitoshi Kawaji', Yosuke Moriya?, Takeo Tojo® and Tooru Atake®
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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(Mgy3Nby;3)O; and Pb(Mg;3Tay;3)0; 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(Sc;,Ta;)O; were also systematically studied with respect to

changes in the degree of B-site cation ordering.

Key Words : Relaxor, Ferroelectric nanoregion, Perovskite, Heat capacity, Phase transition
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Phase transition dynamics by laser shock wave

s — P

Kazutaka G. Nakamura

BTy 7 AT M Bh B

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/cm®. 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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Comprehensive Methodology for Passive Control Design

AN E
Kazuhiko Kasai
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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.

Key Words : Passive Control, Dampers, Frames, Energy Dissipation, Vibration Damping
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New Three-dimensional Observation Technique for Pore Sturcuture
in Hardened Cement Paste

SR SN | AN LSS R
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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°C). 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.
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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.

Key Words : Partially prestressed concrete, Beam with opening, Crack width control
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Building Structures and Progress of Materials
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Akira Wada
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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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Mechanical Properties of High Strength Concrete
at High Temperatures

HAE —

! R

Keiichi Miyamoto , Takeo Abe®

T BER HANATIERT LEATIER,

YT AT 2 —

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/mm?.

For high strength concrete under heating conditions below 400°C, 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°C
during heating, increases up to at 200°C 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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Damage Control in Concrete Structures

WH gL%E
Hiroyasu Sakata
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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

IR PR B RS, JEED
Yasuji Shinohara, Kakuya Miyano and Hiroshi Watanabe

VRS ERITTE Y o 2 —BhBd%, 2HER, SRR AR

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

Wl £, Atdamrs, M| e
Satoshi Yamada', Tomoko IMAEDA?, and Ken OKADA?
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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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ASAIRKFRDRIE

Graphitization of Glass-like Carbon

LM, HBERE, Frask—°, RIHFERRR

Eiichi Yasuda', Yasuhiro Tanabe?, Yoshikazu Teranishi® and Keitaro Matsui®

WEET AR 2 —Bd%, RIBVEER, CFIEE EATER

Glass-like carbon (GLC) is one of the homoatomic carbon alloys because it shows sp, sp’, sp° 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°C. 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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Recent Development in Soft Solution Processing:
Direct Fabrication of Ceramics Films and Patterns
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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 BaTiO;, SrTiO;, CaWO,, BaMoO,, YVO,, LiCoO,, LiNiO,, ZnFe,0q, etc., in
solutions at low temperatures of RT-150°C. The fabrication of patterned films for LiCoO,, PbS, CdS, BaTiOs,
SrTiOs, 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.

Key Words: soft process, ceramic, solution, film, pattern
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Ceramics Superplasticity

i s

Fumihiro Wakai

WOET VA et v 7 — iR

Ceramic materials can be deformed extensively in tension above approximately half the absolute melting point
provided it has a fine (< 1 pm diameter) equiaxed grain size that is stable during deformation. Since the discovery of
superplasticity in ZrO,-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.

Key Words : superplasticity, deformation, zirconia, silicon nitride, silicon carbide, composites
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Damage behavior of carbon-related materials impacted
by a high velocity projectile

FH S 1

Yasuhiro Tanabe

WG T PAWTE 7 —Bh#fR

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.

Key Words: impact damage behavior, ultra-high speed photography, carbon-related materials
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Evalution of Local Mechanical Properties
by Using the Nanoindentation Technique

R [
Takashi Akatsu
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The correct measurement and analisys of the correlation between load P and penetration depth / 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-4 curve without any calibration. Also, a

novel analisys to derive correct mechanical properties from the P-4 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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