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Materials
Graphite, Quartz, Fluorapatite, Calcite
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LEBRA-PXR Diffraction from Human Teeth (13.47KeV, 20min, IP)
Graphite, Apatite, Quartz Crystals

.........

Human Tooth, E&100 um
(LEBRA-PXR, 13.5KeV, 7min, CCD) Effect of X-ray Wavelength

IFAVEERTE
ABAREICEAI SN D,

EREHIC
EET—IDERY
FTERHLND.

Ti-implanted rabbit tibia bone with aluminium step-wedges.
Left: 15 KeV (0.827 A), Right: 19 KeV (0.653 A). LEBRA-PXR
5 6
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LEBRA-PXR Radiographic Study
- Bone Formation Around Ti-Implant -

Fig. 3 Image of new bone surrounding the implant taken by Fig.4 Image of new bone surrounding the implant taken by &
LEBRA-PXR imaging (7 keV, 1.771 A}. The implant was observed dental x-ray machine. The implant was observed 1o be radiopa-
to be radiopaque with 2.8 mm diameter. A layer of new bone was que with 2.8 mm diameter. The new bone as well as the cortical
observed, one partion of which was observed to be calcified bone surrounding the implant were observed to be indistinct anc

much like the surrounding cortical bone. radiopaque. The discrimination of structures was almost impos-

sible in the image.

E: PXR &%, A ERAXKRIERS

LEBRA-PXR Radiographic Study
- Quantitative Radiography -

ELE: 7 KeVv
ET: 13 KeV

AT XRBEBED
ho5—<vTRT

LEBRA-PXR Phase Contrast Study
- Bone Nodule / Cell Culture -

-

Human Tooth, [EE1000um
(LEBRA-PXR, 13.5KeV, 7min, CCD)

EZ1mm®)
(2= F

IFALE
&
KFEM

BRI
RAEhTL3

HX LEBRA-PXR
EOMBAVRSAR A A=

2 48
RRig BV 574
i (-1/2)

48
VA
(Peak)

10

Titanosaurs Egg Shell '\n—/
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LEBRA-PXR radiograms of the Titanosaurus egg

Section of shell sections.
Titanosaurs Egg =
Shell

< e A A
Left: X-ray energy; 16.0 KeV (0.775 A). Right: X-ray energy 16.2 KeV (0.765 A).
X-ray absorption K edge for Sris 16.10 KeV (0.7699 A). The higher the X-ray
energy, the greater the X-ray absorption of the interested material. Note the left and

13 right ends of the arrows. 14

Nis& , Cus&a(10um, 20min, IP)

Human Teeth (13.47KeV, 30min, Pol57) (ZE)S 089KeV (E)S 33KeV

Human Teeth (13.47KeV, 20min, IP) LEBRA-PXR Di%#&% 0 F|FH

% ‘ c ENVGEEXIR —— RS ‘&ﬁ@.ké%h\’r%

Ni

IR U % 8.332KeV

ﬁlﬁ"ﬁ*&m&)m&?ﬁ-—?’ Cu
FLREIN TS, IR R % 8.984KeV
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By ok XM PrRIEEE AWV fEx O FEEEICLD
TR & FERIME O BAMRERE & Fig. 1-Fig. 4 IR L7z,
R L7z PHME & SERIEOBIfRIZ, & 1, )
R0 DERIZRDITTTHEHN, BONT-ERER
ET., BEmEEoTNECEZL OO, ZIEZh
WCHEDFER &L 72 o 7=, LA L Wakelin ETiE, 55
NT-BEROYI N 73-6207 & REL DTN TV D
Z L X 0K E R E NS DA BT,
—J7, FHBIfRE % e~ 5 & | Wakelin % & PCR
ETIE, B @3S ERO - HEEL Y LA E
WCEWMEZ R LTz, 2T, KIosaEDOZ 0
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Table.5 £ V. HHEIMH:D B4 TH - 7= miEHD F LTI E

VMl R L7228, & 0 ) PCR IEAH I 8\ Ml % o= Quantitative | Fereentage | Percentage
L72. ZHUE. PCRIEDHEFFHITFIEC X 0 BRI method t$? bias xﬁm(%
DD IRNET E — 2 12 B B TR e 7L 2 M : L

5 Peak height -52.31 62.64
LTWAZ LizkrEEZONT,

N N Peak area 12.60 31.79
L EDORERN S, FEfb RN X A RELE 25 Wakeli 13.56 15.33
R X BETRET — % 5. k0 ERICERZH O arerm ‘ :
by i ) > —HARZIE PCR 3.201 8.689

BHBRZERMISGHET 2 FEE LT, AN v
7 AEL, BEEHERIRHI OB S R B RO
ERGETHDLZERHALNE RS,

Table 1. Comparison with Mean Bias and
Accuracy of THM by Various Method

2. CBZ %% D ER G LK
%Xxﬁ@ﬁ@mﬁ%mwtauwxmmﬁ TR
I, uiUer}E’C/u@Vﬁ ) *JA%@EF’—JZ)‘E Nl , *jﬂeﬂi@ ® : Plot of the calibration curve

H—&@%@ﬁk%<&é@ﬁ%%bt.:hg® 00 L Regremonine

XPRD .74,_& i %ﬁé%(ﬂf&) z) P— 4 ﬁ*ﬁ(ﬂ(l J: D %:Hj 804 --- - 95 % Prediction intervals v

SIT= T & ERIMEOBIR D S REFR L, = 0.8486,

Bm=75.12%, Am=7540%T® Y, EMREOKVHRE

ETNERoT, —Ti, TRHDT —Z x5 PLS ElRE

60

(]
P

Predicted CBZ form 111 contents (%)
-
=

(2 &0 RN S AT T RIME & SERME OB G, BT v =0.97249x + 1 1404
IINEORREE T M RITT 8L L=, MESHh 0; cu
TWARWHEAxORBILVEHLERETT VX, & = 20 . : : : ‘ :
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0.9799, Bm=-248%, Am=10.05%TbH>7, Actual CBZ form 111 contents (%)

—707, MESHTHLIEL OFEHT, r=09838, Bm Fig. 5 Calibration curve of the CBZ Form IIT by PLS method with
0911 %’ Am=11.85 %0)%% AR szo %it*/{’}ﬁf /‘ujJ[] mixed data of low and high pressure conditions.

JERB LORMETORREZME LIZREET VL0 FH

Lf:%d[ﬁﬂi, r=0.9837, Bm=0.5660 %, Am=10.22%T Table. 2. Mean bias (Bm) and mean accuracy (Am)

bot-. MHEMREAE BT 2 &, K333 5 Quantitative method mean bias (%) mean accuracy (%)

Moty THTZOFEEND PLSEII Y — 7 HMEELV A Peak area method 75.12 75.40
BARMEET L, AL, AFESHAFEOTEICES  PLSmethod(ow)  -1878 9.442
LTWAEDTHAD, PLS method (mixed)  -1.094 9381

LEORR LY, SR FRmEOEBIC LY e T eT =2 oS oaa &a ERNIC
A2 FEE LT, PLSIEN, *ﬁg%Tﬂ/ﬂEﬁ}Z AR FETHL LR LNE ST,

(2% k]
1) M. Otsuka, F. Kato, and Y. Matsuda, APPS Pharmsci.2 (1) article 9 (2000)
2) H. Yoshino, Y. Hagiwara, M. Kobayashi, and M. Samejima, Chem. Pharm. Bull. 32 (4) 1523-1536 (1984)
3) Andrew D. Trafford, Roger D. Jee, Anthoney C. Moffat, and Paul Graham, Analyst. 124 163-167 (1999)
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K L—F— R EIHMIED BMPs B3 & AIRIKICE 2 D&

TWHIROLE] !, BAREL L, DB, WEET Y S, SAREA Y, ik
1 HARREH S BE IR R 20, 2 AL (T 101-8310 HUATER T X A FH BRI 5 1-8-13)
3 HAK R - C T R AR FE R Y, 4 BERRTEREEFY(T 101-8310 HURAR T M XA+ [ BA &
1-8-13)

[EY]

T % 13 in vivo', in vitro® D FEBRZ TR H 1L —H—
RS OB RAREE 2 S L T&/z, 22T, B3
HERAS G - r WL, MR D I b 8% B 2 T
WbHEE 25TV 5 Bone Morphogenetic Protein
(BMP)X>B TR B3 28R 5K 72 B L, IR
L —H—HBEE L —— (FEL)MRSHCLDE 3
FRE ~DFEZ OV TRFTL 72,

[BrktE 715

~ U AL EERIEE (MC3T3-E1) % 10 cm 7 (Y
2| ZIFREL, I TV NI ST T, Ga-Al-As
HHRL — W — (JEF 830nm, kA T pE ks ST R)
Z S 280 mm ONZEDHEARR 120 mm O HEFHIZ U
SNDIDTHEEL, 50%, 2Hz (0.25 FVERE, 0.25 #hIE
TN DT 10 43(1.91 Jem?) I L1, 3, 6, 9, 12, 24
F LUV 48 P2 ICHIR A [EIX L, mRNA LU X
JEHMH Uz, BIARY X E ThDH BMPs BLOVE
SR O 43R0 T R B E T AR BN Th D
Runx2, Osterix, DIx5 LT Msx2 DOEEFFHILUZ,
real-time RT PCR {EI2L-> T, BMPs #2733 8X
Western blot VEIZ&> TIHA~Tz, 7z, KF#E#KIZ BMPs
@ antagonist T noggin ZHML, D 1 FEfH#ZIC
RV — P —Z[FESMT 10 7 HEL, 24 BRI
AR IS JLUNEE RS2, [FU U 7o Mifu o5
/375 mRNA ZfiHL, BMP O3 7/ UREN T Th
% Smadl DV AR, BTEHI b H QA5 K 1
TH5 Runx2 OB DWW THHIZITo72, I5IZ, [H]
WU 78528 B3E% T MC3T3-El % 14 HEIRGEL,
Ca E&EXY M AWTT 1y 2 NI RS2 KL
MODE&EET>T,

FEL {22\ TCiE, MC3T3-El % S5em 7 4 v = | f&FE
L, a7 NIl 8T, IE 1,750 nm, 2
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HzQQ0[ ) X 2/F)) TH = R F — &N 5 7 (0254
Vem®) D4k TS L, 6 B #% (<l & Al L,
mRNA fili i Z1T\>, BMP-2 D%l % real-time RT PCR
HEIZE TR,

(5 2R]

KL ——REHC L~ T, BMP-2, 4 OiEfs
FEHIL 6 FREE 05, BMP-6, 7 D& {5 - BT 9 FEfH]
B EICHINLZ (Fig.1), F£72,BMP-2, 4, 65
FONT DH L IHEBIT 12 K% DA BITHL, 48
HE#2 I — 2 23887, Runx2, Osterix, DIx5 }3L
Msx2 O FHBUL, 12 B 24 FEEZICEEIC
L 7e (Fig.2), Fiz, KH L — —BREHIZ LD
U7z Runx2 O a1 FELEIB IO Smadl OV EE{L
1%, noggin ¥SHINIZE~T control L~V E TR LT
(Fig.3), EHIZIEH AL —HF —% RS C MC3T3-El
(2 10 Sy HEST 1%, 48 BRfEFREL72R53% BiEZ2 VT
MC3T3-El % 14 H[E155# 75 &, control IZH~_TAHJK
(LT R DN (2 HE AL, noggin FRANIZE > T control
LAULE TR LTS (Figd),

F7-, FEL H4t 6 B[ $% 0 BMP-2 85123 control |2
R L THEICHINLT: (Figd).
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BEFPIZ O W TR EITI720, ~ v AR L 25 i
(MC3T3-E)Z AW, L—HF—EI25D BMP BLW
BRI B3 DGR F DR BUZ DV TRRETAAT
272, BMP [TH 35D 0K b 582 52 55 %
KA 37 THY, smadl DY R{EE AL T Runx2 DF
BRAFETIIENRESN TS, E5I2 Runx2 1 XE
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HAL——EEHZ LD BMPs OEE T3 BLB IO
URZEEEMREENIL, in vitro [ZBITAHAERILEEEL
TeZEPDARH )L — — RGN IE i BMPs¥
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IZ noggin {240 BMP DLt 7% —~DiE &% ETS
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1. [FC®HIC

S IREN & R 3 5 A mE L L — B A R
IR EAI A o~ L—F e L b L—H
REEICL DRV AROX Moo F~T U T
ZEH OO X 9 A AR ORI Ll —F 7
TLHEORIE, RO2 7+ b7 a2k = OMEE
MEEmODLZEEEROBNET D, XM A~T VT L
IFERCHEHEDEICRB VT, A& TV DM & Bifid
LTHWDZ &0, AEBICBHT 22 2B E LM
Doz LThd, Bk LTI X 2 RESCHI
PRSI L AR L L (s 08 ESE T I vy
TAF v 7 I EIRS EMPERIN, A 07T FRER
PR, e Aser, MRRAERMEL A TIEaR7e & A5
FHEENTWD, B b ENERZ2 b &I AT
EELGAIE, 27 —F U T o - ¥ MU,
LB EOEMNA F~T VT IE KEBEILT XZ A FA
TACR U Il /e & O/LZICA K SN IEEM A 4~
TUTABNEET D, TONT, BRWOHRREICEEN
LEMME DO BMWHETH D FF U HE - FhiHH L7=% b
T AT AERE A D EO A OB A R R OVE R Al
(2L LT, hvEwaie EofyEFE & Uiz AR
R Cd R U ILEE ) 1R LA 2 L0 N THFIR OB 4%
T OVE Shal s - BEg Al & & LTIV LR T
W5, ZOmEEARFIE TITAEERR ElicEE L v —
X 7 RO FUBHARE & L7z,

AREERLRR (O LB OF O Ot N, AR EE SV,
HOBRERR ELZO—FTH D, KMoy k
BT 2 MARCEFE W ER K EOREICB T 26HF
RIER O RITHHEESES IS0 fitk~A T v
(11784, 11785) D FZ F~D DA Z T2 LIZ L » TR I 1
TWAR, BMEHEOBENLRERSNTEBY, BT
FEIE 72 M AR NE D BRRE R R D I TNWD, £ Ty
FRFEE DN 72 EOREZ~Y—F 7 Ef L, FEED
BN EAT O FENRR O SN TWD, T ORI AR
ORMEGINT D LT TERL, EARICEREMNLS 2O
EBHETRINERORV, =R~ —F T DHETH
2400V ey METEFEEOD DHEMOA 7 AN
TR, L—P~—F U FIETIIM/N R R & 28 0) D ikEm
ThHIZHOHE LTV, &2 TEREOEEEFTED /N Z
— VIR TE 5 L—YIREEL T AV, WO A 725y
TIRENC RIS 2 E A BRI L, KA REET
LDICABHEBEFL—FE L LTS, 22T, Fh
P ERYABOMEESHEENZFMIL, ~—F 7B
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T KA R 5 1-8-14)

G oWEYEE R LT, Eo, AR O R T D AR
LR MY RN Y HBOEIITEHE S T2 ETH D72,
B EOE A U TR R DR SE IR R L — P o
Rhodamin6G %, JLARAEHIITANBER & T BERAN U7 2>
5-N °-NH THA LTI Zn PEAHL L 7= Zine
phthalocyanine Z¥M L. RISV THE LT3,

2. EBEELHZX

¥ hURRY AR EDNAAL F~T ) T I 0 R
M OREIZ~—F 7 EMT HiEE LT LITRLE
L — ¥ FHLEi H x5 (Laser Induced forward Transfer :
LIFD 7 Z iz, LIFT BiE, Lo X CHEE LIz L —W
HaNR—AT L — b BIZ AV 3 — F ST HEHC RS
L. [0S 80 um THAIT 2 HARMNCEET T2 H D TH D,
JEIRITIE B AR i B AR 2 AT R 1R IS E Rk
(Laboratory for Electron Beam Research and Application

Institute of Quantum Science, Nihon Univ. :

Free electron laser

Focusing lens
Base plate (Sapphire)

Spin coated chitosan
or poly lactic acid

containing

fluorescence agent

Dot mark
Substrate
hard tissue or sapphire

A4V
s < |
(Biology

plate)

M1 HHEES V- ARG E OB

Fig. 1 Schematic diagram of free electron laser induced
forward transfer (FELIFT) method.

LEBRA-IQS-NU) IZfEfl & 7= H HE T L — (Free Electron
FEL) & F\ O EARRE SR I 88 O B+ = %
L —1F 40~125 MeV, BFE—L D,V ANE 20 us, &

Laser :



FE—LDONRUTFR 3.5 ps, NEEBEL : 2856 MHz, A
WU S c 1~12.5Hz, 77 A A bmy 30 MWX2 B, 7
VVab—% Ny 7R (2F 2400 mm, FOKBORE
FEoL2T) , BREERE 0.8~6 um, I 7 12,0 R 80 MHz
THRE) S UK 500 fs ED /L ZAF73 1600 shots T< 27 1
PNIVAERER LTS, BIEEEE LTINS AT I T
N C-H MEIRENC IS T2 3.38 um ZRIRL71Z, £H
MWNRAA~T VT LVO—FETHDHF FH > (Chitosan) X
RO 72 K ORI CICE EN MO RYIMHETH D X
F UL - i S, ¥ o7 I EELEE
SHTKBEMEE Lz bV aFEk (KRB TLE, 24
X b m— b 6, BGIEE : 200°C) &Mz, FEAwE
NRAF~=T VT NO—FETHBHHRY I (Ploy lactic
DPLA) X hUEm v EREE LCEERECL Y 7R
TRED DL LR Y FEE KB (23 v,
PL-2000, BE{LIREE : 90°C, “EHRIFE : 2pum) Z AW, ~
— AL — MIZZOWEEFERT 57 7 A4 T ERITA
AF~T VT NELEIAL F~T U T A ER DR
L — P IYE FH0OEAI T B Rhodamin6G (Rh6G) Z RN L 7=
Ho L, IWARINEREEE O E LA TH D Zine phthalocyanine
InPO)ZHWMLEbDEZ A a—k LTHWE, A
a— MMEOERIREIZ X DR A 2 A v 78U
AR (HERYERT, DUH-201S) 2 X - T, BEIIFMEE
~A 7R T vFT AL — (CSM Inc., MST) (2% > Tl
E LTz, ¥—F T EBITo_R—AT L— M, RN
BIF DAL Z~=T U T IVITESEFIGINAA F~T U T v
FORRRLM -0 N7 & o B RO —fE %
Photoluminescence (PL :4& P H{EFT, He-Cd L — ¥ ;
1K5251R-C +43Jt7+4R, ATRAS-25) JGE. FRAMHICHEF!
(FT-IR : B¥ESUVERT, FT-IR8900) 1T & 0 iEMEA T 24T\ VEE
fili L7z,
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(3-1) NAAITVTIDOEE L FEFEERFE

B 2ig¥ Mo e RYVABEY 7 74 7T HERICAE
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K 3IRLIE~YA I RAT T v TFT AL —IZL>THIEL
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TR S DMEDNTIA T D INERRME : Tel IFERBINIED TV D
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b BB L BBRERNARICER L, MAARES LA
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Fig.2 Namac temperature dependence of dynamic hardness
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PRELS . HINVAD 2 L ECICRHIBECE L Z B30 5b, 2
AUTx LT AR Y FEE CIE IR EE 2% 90~100°CAHE T Tel
L Te2 WERRER->TWND, L LliEOETIEFICRKE
<. WU HBIZRAAIR D W 2D E CITHINIED 528,
FIRE U BEVEITENTWS, AV ALEIIEFENETH
L7, FIRRETERLAE LTS RolbD B X
bivs, ¥ NI TFAUEDOR) v —Th o, &
KO r 7 F o o7 =4 U MERE LR EST
DI-OBAETNDRNT ENTERIND D, A TIEERD
Y77 AT THDHIEDEFOWENEFEINL TR NED L
Bbnd,

(3:2) A F T TILEEFREMRBO S F 5

B 5 1% Mo &R Y g K OVAEREEEON TR E
HOMIZBWT FT-IR FE&HE LR CTh 5, R U AL
DEA. 1750 ecm™ 1I21% C=0 DbHFIRENC & 2 WA, 2960
em™ 121 C-H OHFEIRENC X 2 WINAY, 3300 cm™ (21X O-H
OMFEIRENC L 2 WA R SN TWE, RN AEgET~
AT R—RAF L — R MNMIAEya— NLEEZTEIRS
OWIIZANZ T 2000 cm™ 705 4000 cm™ (2 THERLH 72
WLAFE L, 90°CITME L TH{L S & iz onn
HELTWS, * b¥TiE, 2960 cm™ o C-H fbfiEiRE)IC
K BWINA/INE L 720 | 3465 cm™ D-NHp HFHEIETNIC X %%
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TiE, HiEEOEEFEIZIS T 5 Hey ORERE - %
EEOWMBE AT 52 2 S L, E ORI
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7=y b ORBREIREEAE O MG L O &
AT,

A7 M AT=Hey V7 2=y LRI

AW TIE, 7 ST = T tridentatus @ Hey 7
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(polyethylene glycol)& & ofkbfb Al 2B L, 77



MW =Hey %7 2= FOEEALSMOBEET
STz, 708, PBiEEFET Hey OfES{L TiX. Decker &
Sterner (1990)D LIS EH T L OfiEF L%
ITWEHEFAK T COMMEKE 227,

fean SR ERR ORGSR iR Hey TlIfvh7s
235 HAEAL0.2 x 0.1 x 0.04 mm) (K DZKESHED
TR L, X BET T —tONE AR AT, —
J7. bR Hey TIXMRORE R T 5 I2I3E-
ey, X METT — & 2 ET DI+ i %
BAIZIEE > TR,

iR E Hey %7 2= v F® X BREPTER

X MREPTESRIL, B AR FE A AR
RIE SN TS, HifGd X ARETREE (XL
& :ultraX18, MHZR : R-AXIS VIT)Z& W T 5 L
7o 7ok, BLEEFEA Hey #IT 2R COM(LZ B
STz, TOERFHKT CHA LIk, 77 v
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FIV—IZBL., YA L ABEORIEN TH D
double strand RNA (dsRNA)Z78i#% 35 Z & 258 &

725 TW5h, TLR3 1TF72, b MEE EEMAIZH

BINTRBY ., BEICBT 2 EROE R MHERICE
BMLTWEbDEEZLND,

—7J7 human B-defensin-2 (hBD-2)iZk5A A4 > HDVAT
AVBRBEICE AT F FTEL 0 LEGRIC 8 E S
., HIESS T A NV ADRRGEET 5 Z Enmbi
W5,

b M ORGEHROREEMI TH 5 HT-29 (20
T dsRNA HIJH 3 RE I f % CHE B & 24 2
polymeric immunoglobulin receptor (pIgR)D3&El % 4
YD ENRINTND, F2 HT-29 12BN T
hBD-2 OFBLBGFRD LI TWD, TS OFRITHE
D& AR 2 1T HT-29 il dsRNA TORPLA

hBD-2 OEAZBIZEZTHENITOVTHE L
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ARWFFEDFER dsRNA ZEI S E L5 Z &Ik e b
5 ERARC & 2 HT-29 Ml 2 33\ C hBD-2 D
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% hBD-1 OPEAIITREZ RIE S R2hro T2l
TLR3 FrRAYLFEBIMGEI TH D Z L3 R SN,
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NF-xB [HEHITH S TPDC 12 & - TURIFEARITIH
EI NIz, F7- luciferase SEFRIC LY dsRNA FIIFt4
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WEEZTWD, - AEREEE ERIZH 1T 2 hBD-2
DOFBHRH O T Y | hBD-2 OB RN R 4 i
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BHFAZ DV TRF EAT o 72,

MEES X OVHE
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Peptide (0. 2mg) 47 Freund’ s Adjuvant Incomplete
DTV a k., B1IEYE7=0 Iml % 0. Iml 9 10
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T 1 BE2 08 S L 3 BRCHYT, & 1 BRTIER (%
HVE) BE. 26 2 BEIX collagen BAEATT - 7=2° FEL FR&
R I o7 collagen EAERE, 26 3 BEIX
collagen B EA 1T > 7~ |2 FEL B4t 21T > 7= col lagen
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R~L7E (M3, 4, 5),

FELER SRR
l FELESHET

—— EEH
—=— Collagen
—4— Collagen + FEL

Hindpaw swelling (mm)
O = N W H OO N

0 10 20 30 40 50
REBRHR (7))

X 3. RHEIRDE S

FELERSTBIA FE"-?%*@T

—— EHE
—=— Collagen
—4— Collagen + FEL

Swelling Index (%)
@
38

[P PAEE e e s s o
0 10 20 30 40 50

KERER (R)

4. JEHERR

FERRHNS 2

'l

3B#%

78 9B
FELERSTRAsAM S D EARE

X 5. FEL FR&HZ I 2 AR =R

12R%#%

2) IMIEFORIEMEY A NI A ARIE

MBPEREET Y U~ F OIIEITIT, Fx DY A A v
DERT D L VbiTEY . D5 LORIEMEYA
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TEHOGEEAR, 166 BLOY 7~F 7DD H
BIOREOHENSEZD L, WM RET~DE
RAomEEL DD EEZBND,

PbkoZ & XV, FEL BEHIFRIWER O FER T
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AEfER U7z FT-Raman 73 C3EE 1L, &< O NREENT, 2 oilBtOFEE 2 /22 & B IRIKRETH |
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Intensity/arbitrary unit
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Fig. 1: laser wavelength 532nm

Wavenumber/cm-1
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Linb, L= REERZ VT OTTREE B 2 bz,

Intensity/arbitrary unit

Fig. 2: laser wavelength 785nm

Wavenumber/cm-1
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(0004) i, (0006) MHIZE—7 NEATWNDZEND, FHiTz Cop HIKITAGTREMETHL Z LMD
Mmootz

# 2 1T Co DFEMEAE, F200, F200 500 DiEifflELZ EhnEisLic, EHHOEY Co DOEEMEH LY
KL< 2o TRV, HEBOM/NEHERTE -, T, Co DAY ~—{t L. 5 FRIFEAHNIN LIz FE
rEEZLND,

# 2 XRD HERR L VB LR

(0002) (0004 ) (0006 )
Pristine Cq 4.11A 2.09A 1.43A
F200 4.09A 2.08A 1.42A
F200 500 4.09A 2.08A 1.42A

6. L0

RETRBIERBR LV . 40°C, 200°C OMFEHIREIZF T, FEL FRFHC K 2 R E H OFRITE O 1T
W ERbho T, HRIEE 200°C Tid, A7 v/« 77 AfEEEZA L TEY ., XRD BIHND Cy AiEMmIL
LTWDDNRDhoTe, HEHIRE 40CTIX Ag (2) IRENIE— FORENEA L, B — 7 (LRI AR MR
L7, Ag (1) IREE— NOWEDBE LT, AR 200°C O HIKEEM O v — 7 (71X 1454em™ & 72
D, RU~—LEREGNZ ERDMoTz, LLEDORERIT, Co DRV ~—{bZM< R L TND,

7. BHEICHEK

[1] (R RRE], ABREE © [EAER 41 (2006) 407

[2] S. Ando, R. Nokariya, R. Koyaizu, N. Iwata and H. Yamamoto, “Mole. Cry. Liq. Cry. (2007), will be published.
[3] S. Ando, R. Nokariya, R. Koyaizu, N. Iwata and H. Yamamoto, “Trans. Mate. Soc. Jpn. (2007), will be published.
[4] N.Iwata, A.Kinjo, H.Okuyama and H.Yamamoto, “Jpn, J. Appl. Phys. 44(2005)617.

[5] P.C.Eklund and A.M.Rao (Eds.) “Fullerene Polymers and Fullerene Polymer Composites”, Springer 1999)

A

ABFGETEANT 7 v T ¢ 7 HEME R SE Tl 283 e R RS B (e PR oD i FE R S B9~ D IFSE ) 72 B ONT R 18
FERARRZANBRL ( REPTIE ) O—BRE L TITbhi,
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[P-04]

R—NV =R EHW-EREF L —TEEIZLS 3 R Ceo ™ U ~—DERK

2Rk BR

SEE /NN BERR G, AW EsEC LR R

1 HARZE TR TS LANITEE (TRERAE T3 G A 7-24-1 401)
2 AARRZH T 2R TR e (TIERIE T E G5 7-24-1 401)

1. IZL®HIT

Coo WAV ~—%ERT D &, B TEICIZF A YEY RiTfRFEESND sp’
RS G FELET D (1), HEZERD Co M F A YE L FiEA TH U
&L HEpOBER LD, o, DFRITIIERTORMEE Lo ER
FEZRHR &\ O A Ty

T 2O THME - KIVEICE Lo, BIEE, BEE,
PEEROMENEOND LB AT,

Coo 2 3 WITHNZIARES LT 3 KoL Ceo A U~ — I3, SIMRIRE O
I EBET (~800°C, 15 ~20GPa ) ' ToOLSEMN K TH D, —H.
EHOIE, 9774 MIE—L R—=E 73452 LT, HRpIKIE - KE
ot L CEMEEAERAESE, 7T v A4 vy ReflE Lz B

AWFZEO BHX, HHE TV —Y (FEL) ICX 2T Cy & 3 WKt
R 2—bSHEDLEZAIZHD, LI, Cy ICHMEONEERIGCEZ I EE
IR SEIFICOWVWTIEHALIC RS> T, ERAEMEEZREL TS
FEL % HWAUE, $850 0 BARAMC D72 2 IRFFH Ok O h s SEE O R %
B Co I[CHRINT 22 NS, 72, Co IIBA LT B S ik (3
UH) ERBEHICESTT 7272 L LTHER S E, Co DT=FRLF—RE

bz bbb L, BESEIEET D L0 58 LWFIEERETT 5,

2. BEOHFFRRE

2 12T~ U B DR R A R T, 1469em™ FHIICELL
% Ag(2) RENVE— RIZHEH Lz, Ag(2) REE— R LT,
Cop PHRFBIRTNEEBRO LTI D KO ITRBIT5E
— RFC, RV w—{blc k=27 o7 bR@E STV B,
2(a) 2% 450nm @ FEL ZMRE L2552, X 2(b)
(21X 345nm @O FEL Z PR L72fER 2R3, R 450nm @
FEL MBHHZ LV dg(2) =27 3.0em? | L IBAY T v
TiE 8.0ecm” ~A FAl~DOE—27 7 N EMHR L, HE
345nm @ FEL BHEEOY 7L TiE 7.6 cm™ L, BAY 7
LTIE 97em” ~A F RN —2 7 D EER L, £7-.
345nm @ FEL BHH% OV 7B WTE— 27 O3 % ik
L7, ZAUTRGHERRBIR EEE DA TG L TWD T
WIEEEZT, ULEORREI S FEL BEHZ LY Cg 2RV
v —ALIGENEZ T2 Z EIFH LN TH B,

96

6000

a.u.]

Intensity

N8
(=3
=3
=]

4000 -

3 R Co Y 7

12— T F SEFEE

Pure_Cq,

FEL _450
FEL_450+1,

N

0 1 1
1420 1440 1460 1480
Wave number [cm'l]
2. (a) FELA450nm MU D T~ o3 JEIERE R
1000
Pure_Cq,
800
s
% 600 | FEL 345
5 400}
E FEL_345+1,
|
200 -
O 1
1420 1440 1460 1480

Wave number [cm'l]

(b) FEL345nm MR DT~ 243 sy R



3. EBRGE - &

FEEEE X 3 1T, Co MRDIZDH T E | Cq & I, & mol th 1:4 TIRA L 2 FEEAE HI
JFBkE U7z, 3UBHIEZED (10°Torr) THIE (600MPa)d 5 Z &2k 0 ERLL 72, EBREGMEAF 1 17T,
Bulk &L THDbDIFENZNT BB EZ I L, 77 2B (15, 2 7 AT DOFR—FT
T ==L (130C ) #1771 &I L—FRE L7 D TH%, Band Pass Filter ( LLN BPF ) &\ THEER%
1Tofeizh, MR ITmENMELS , ZOMEZFHIT 5 Z LB o7z, FHIEREICIT T ~ o e,
X BRIETAEE 2 LTz,

Press g FEL
. B BPF
Evacuation Laser
< — Mirror
/ or

> .

@ber Insideg Al Cold mirror

| Chamber Inside Non Press

[ Optical mirror
Laser
<_|_|4 Laser
| L | Bulk Sample
Substrate
Sample fq Quartz Window

Tungsten boat
\ o Anvil / N ~

3. FERILE
* 1. FHREA

Sample Name Pristine Wavelength Laser Power Energy Density Irradiation Measuring

Powder [nm] [mJ/Pulse] [mJ/Pulse*cm?]  Time [min] Equipment

Pure C¢, Ceo - - - - Raman, XRD
BPF_350 Ceo 350 (5th) (—)2 (—)53 60 XRD
BPF_450 Ceo 450 (3rd) (—)0.2 (—)05 60 XRD
BPF_450+1, Ceotl, 450 (3rd) (—)75 (—)20 60 XRD
BPF_500 Ceo 500 (3rd) (—)o04 (=) 11 60 XRD
BPF_500+1, CeotL, 500 (3rd) (—)75 (—)20 60 XRD
BPF_550 Ceo 550 (3rd) (—)14 (—)3.7 60 XRD
BPF_550+1, Ceotl, 550 (3rd) (—)14 (—)3.7 60 XRD
BPF_600 Ceo 600 (3rd) (—)0.9 (—)24 60 XRD
Bulk_450_4h Ceo 450 (3rd) (—)3.0 (=)79 240 Raman
Bulk_500_1h Ceo 500 (3rd) (—)26 (—)6.8 60 Raman
Bulk_500_2h Ceo 500 (3rd) (—)32 (—)84 120 Raman
Bulk_500_4h Ceo 500 (3rd) (—)3.8 (—) 10 240 Raman
Bulk_500_8h Ceo 500 (3rd) (—)27 (—)71 420 Raman
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3. ERRER - BE

B 4 12 X BREWHEEORE R E R, BPF ZHWCIEEZ 350
~600nm F T 50nm Z|ATELEE L —FRKFEITo7, ZOR
B, FREREO L—FRE%O (1) HmiZsW Tl @ oM~ %
R LTz, ZORERING Cg 53 FDICIHEL RIS DR DR %
e L7,

B 5 {2 Raman 73 GHIEDORE R ZR~T, SEBRTRT LT,
AWVRENBRAIZT B L THIEZEIT o 7o, AV RO TR
TN F—R~OE—T D7 MR TE 5, E—71% 4 DI
SELTEY ., FD 1469, lem™, 1461.0cm™, 1454.5cm™, L
TIEH DN, 14475em! ICHE—27 2R THLENTES, £
7oy AWVAUCIESL 28T, MEOHD, 7 r— RMEAHERTE
Do AWVEBRZRWVEHZICBWTHHIEEIT o720, 2D X572 K
ERE—I T NIRRT DI ENTE Rrole, 72k
WCHWRB B ST Enb, ZHUTESHITIES 208K Y ~—1k
LTWDDTIERWNEE R 2, toH 7V THREILCEDICH
VBT E, FERICE—2 V7 RBHERTE T,

O :Irradiated Cy
m : Irradiated Citl,

L33}
ol SEEP S EERE: SEPEEPTEREERE m--O----
2 O
[}
£352 n O
g 5
8
=81
ko
—
300 400 500 600
Wavelength [nm]

¥ 4. FEL ¥ & 2R H 1%
XRD HIE R

1469.1cm’!

1447.5cm’!

1454.5cm !

/40
300
Bl
? I = 0l
< 80 2
I £
*? 60 q:é 10
wn
8 -
= 40 o
[ e 1440
20
O L 1 L 1 L 1 L 1 L 1 L
1420 1430 1440 1450 1460 1470 1480

VVavenurnber[cniﬁ

1450 1460 1470 1480

Wavenumber [crn'l]

X 5.FEL 500nm 4 FEfEI PRS2 Raman 43 YEIIE RS H

Coo MEA~—%TERT D L TAg(2)E—2 R 9em™ ~ A F A~ 7 h 5 L D@ENRH B, =
M Coo D THIOIEAREGIZ L0 FRBEFATFDIRENFIROEBELE Z1T 572D TH D, Co 25 3 WA
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U~— b L7256, Ag(2) E— R EDRRET 7 M 20 BEICITZR > TOWRWA, A ~v—+ ) ~v—
X0 M TFRIEDEET D720, ~A T RAUAl~OT 7 FRITEINT 2D EEZXL, 2FED, 2O
7 REPBREWVIZE, 3 It Cg AU w—IZESNTNDHEBEZLND, SR, ~NBF VIt ORMmE
L—HRUR 2 FRFICAT O 2 &I K 2 mEREOM/ N, BRLEAVWRICE TS E—2 7 hoBINE, i
EOT AN 3 RIE Ce NIV ¥ —DEMICAZTHD Z LR LTS,

4 F LD
X MREHTFOREE L Y | G RIROM MO BN 5 = b A TR LT, T e ORE L b
Ag(2) TBE— FOETFAF—f~DE—2 27 MR L, SABORMEND, L—P iR
RIS L D HRERS L. AR FUTHEDRALND 2 SOT Fa—F #FEFHATFS 2 L2 E D, Ch
DR Y ~—{LBEAEE LT-,

5. &3

[ 1]Y. Iwasa, Science, 264, 1570(1994)

[2 ], AR, EARE Vol.41 No.6 (2006)

[ 3 ] H.Nakayama, H.Yoshida, J. Phy. Condens.Matter, 15, R1077(2003)
[ 4 ]A.M.Rao, et al.: Phys. Rev. BS5, 4766 (1997)

[ 5]G B. Adams et al., Phys. Rev. B, 50, 15(1994)
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[P-05]

BTT /T A RAERAEBR LEI—R T ) F2—T O EHIH

RIS N

2 AARRZFHT

1. It

71 —7R >}/ F = —7(Carbon Nanotube: CNT)(%
W Z 2 A1), PR EIREERI 2R, &
VN R & BB B TR & DR R O[3] 7 BV o T K
WMEHL, xRy H~OISHAR/FS TS
BT NAA~OIGH E LTE, EEYS m%7ﬂﬁ1ﬁﬁt
O m—T 4], EREFHHIRS]. LR OR
BR6172 ENZET Hiud, CNT %:ﬁ?%ww’ AT H
T DO, CNT OALE, &, B, KEEE

ﬁﬁﬂﬁ[}?ﬁ)%% I8 %, ﬂi%xﬂfﬁﬁkﬁ(Chemical Vapor
Deposition: CVD)EZ W4 &, CNT 13k ik L
T D N B R T 57, Z ORF#EIL. CNT DAL
&, BEOHIEICFHA X 5, CNT OERIT, filt
WobL - OERIZHEIT 58], TN EFIHT S L CNT
DEZRFIENTE 5, £72, CNT OEE
Fnd2Z &ick v, EBHOHFAN _Earmﬁ}za%ét%
Z L RHEHETH B[9].

AHFFETIX, CNT OFETT A AnHEHfE L,
CNT DR HIEIZ DUV TR L 72, CNT O (& 45
1L, /¥ —=>27 L7z Ni/Mo #E% v, 2 CVD
ETIT 7R o 1o, — I EB R L OBAET SV O T,
Ni filtffi%, Mo T HUE 3R i A3 HL 5T C 0 A4k
FAbT %, LoT. "F—=U 72X > TREHHM
D WRE—UEROZTO CNT ORI E 25
Zr72, CNT OELmAIER L, RWES 2 HIINT 2729
7T X~ CVD ExE MW, £ LT, ERmICHEE
Bicf] L 7= CNT(Vertically Aligned CNT: VACNT)D/E
Rz 7=, £7-. PECVD Tl¥, CNT DHERE &%
FEDHIEIZ DN T bt L7c o THET 5,

TE

2. FEBRIE

T Hi4R g (Mo) & Al fE (Ni) (X, on-axis RF ~ 71
by 2Ry 2 EEE A D CAEENRG x 5 mm?,
JEE: 05 mm) BIC/ER LTz, #—F v bR E
CTOEHEL S5 mm & L7z, 2EE O 1T 3.0x107 Pa,
RN Ar 7 AJE 2.0 Pa TiT7e o7z, 458 IR IC
TR EICAZ v~ A7 (JEE: 30 pm) &2 fRiE L. 4
JBNE — (BB JBIE: 200 pm, ¥ ¥ 7 100 pm) %

B LTz, £, ARy X ELDEBIC AT 5 A

A RS
1 HARRFZRFFEER TP 90RO RIR (T 274-8501
EREE T IEH LR (T 274-8501

100

N
THERAGE T E S5 7-24-1)
THEEAME TS H 7-24-1)
EEGIET S0, MIIWRT LI Re7 4 &4 —
7y b — BRI A L“C/\E/\(W’*‘/%E‘ZH% L7z,
2T, W1 OIRKOEMO X 512, AREFD
jirﬁlf)\ DR, &R —/mfﬁﬁﬁ:vx 7D
H|Z[EA S % shady side, A1 & 5 IZFZdv 72w Al
Z sunny side EIFESZ & &35, 7o, fERET-
ZNEND/SF — T Point A~L L NEIZA R D)
52 LT D, BEOMIEREOEAGRE, RF
RMBHEE 1X . Mo O#5461% 120°C, 50 W, 10 nm/min,
Ni D5E1X 70°C, 20 W, 3.6 nm/min TH o7,

CNT (%, #4 CVD(Thermal CVD: TCVD){k & 75 X
~ CVD(Plasma Enhanced CVD: PECVD)#:% H T
EISE, @R NY — U E B LR E CVD
B OMNISEICE AR, Hy: 10 ccm. Ar: 200 ccm D
HAEBANLIRN S 600°CE TMEL L=, TCVD &
T® CNT fliF %, CHy: 20 cem. Hy: 10 cem. Ar: 200
cem DH A%EEANL TITo 72, AERFIX 30 min,
AFE1X 100 kPa & L7, PECVD 1T CNT il 1%
PR C b D FEMOR VX ICE R 7 v — i A F A S
TR o T, FERANT L &R/ 52— HOEEE
LD, ERO—HIZIE~—A M 2B M LTz, 7
7 A= 1E, 5 mm BEAL T R RE— AR I 250 V O T
ZHUN U CTHA SH 7, CNT SR EHTIC, Hy: 50 com,
Ar: 50 ccm DA AT 1 377 A~ 34 ST
(Pre-treatment), #il} T, C;Hy: 5 com 23 A L C CNT
TR SE7z, BRERIE S min, &/EIX2kPa & L
77

BJE NS = OFREART, ST B
(AFM; NanoNavi Station; SII Nanotechnology Inc.)% f
WTCBLHI L 7=, CNT OFE IR I, j@ﬁfﬁ%ﬁﬁ1%&%i(SEM

1 7O



S-4500; Hitachi Ltd.)% F\>, B FHRINEEELE 15 kV
TR 72,

3. EBRRER R OVEE
3.1, REAAX—UERICGERIRE L2 —R )

/ F=2—7 (TCVD k)

]2 12 CNT R ERIDOBE /% — 2 D AFM 4%
R, K 2(a), 20)FFENENERESL — 2 DEES
BEANZ—PLEBRILTZ O TH D, M 2(c)iT
[ 2(a). 2(b) DI E G & XN R LIZ b D TH D,
2@)DIEMITEIE /7 — o DIFAET D 8HT. ZE40
FFELRWGFTTh 5, &8/ F— 2 DER T,
18 S A9 30 nm FRE DK X 72 NiBL T 2MFE(E L T,
Z O TR &893 nm FRE D/ X 7 Mo R -3 24k
FEL TV, &R/ 37— uis(X 2b) Tk, F
W2 EISR-23hT ISIFEE L Tz,

B 3 |2 TCVD B2 LD CONT &R S H 72D
SEM 4% 777, X 3(a). 3(b)iX Point D @O, [X] 3(c).
3(d)I% Point K D% — RO 2RT, £ LT,
X 3(a). 3(c)iZ shady side D&% 7~d, BOA4 L34
JBNE— 2 DIAET 5T CTh 5, X 3(b). 3(d)ix
sunny side DR % R T ARDOIE T NBIB/F — 2 DAF
T LB THDH, CNT IO THOEA LR Z
—VEROBNDERE L T\, ThEhod
T Wenr13(a) 17 pm, (b) 2.6 um, (c) 29 um, (d) 19

Substrate| Patterned metal layers

EEE— 00 |
0 22.52 nm
(a)

on Patterned metal
] : m

mm

(b)

Substrate

" Patterned metal
N~

0 17.31 nm
(b)

X 2 CNT IR ERT D48 /N2 — 2 D AFM 14
(@B Z — L DEER . (b)y&E % — b,
(o) E S AT ORI

um CThHotz, BETONRL—2 D Wi E L O D
DEE 41TRT, KIS L—TR LIfERIT &R <
H—k, ACRLULEMERITI AN — v HoXy v
9, ZOXKDG ., sunny side @573 shady side -
DY Wont WINENWZ ERbOND, £, Wenr 135
P X0 ®7e D Z L5, Wenr 138/NT 2.6 um
ThoT,

CNT D@J@/ S — B TORNARIL, CNT
D RIEROCRL 7 D B B RE T 5 12 I FEBL LTz,
AFM BIZOFEH, Mo FHUBO X 1L, /% —1f
DT T, "2 —UERTIImEL TV, Zh
1T A BJE AR Z EED shadow effect D72 TH 5,
Z @ shadow effect DR % X 5 1TR”7, ARy &
ST, ANy 2RO AT ANTHEL SN D
e, FRx RAECERICARNT D, 70L&, ¥

I
| 30um %

(d) Point K, sunny side .

(c) Point K, shady side B
X 3 &F/ Y — RIS T ¢ v E L2
£ ® CNT ek 0%t

Metal pattern  Gap
L L

s
S

Shady side

w
S
T

u
S
T

Sunny ide

<
T

CNT grown width [ z m]

=

A B CDEVFGHTIIJ KL
Point

4 Wenr D3R

Sputtering

Substrate

Shady region

5 shadow effect DL
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—UEFIUIE~Y A ORI DN TE . 20
AT OB AT %, Mo DFSIE A VEIR, Tl
DAERNZ /20 | REIZMIDABN D, —RICE)R
[ EDORAMEIT R W2, A FHIJE O ETIE NI
VBB (b LIS < W, ZR 1T O AL REIR O A Ni A3chE
FAb L7=72, CNT D& R NFEH LT,

X 4 |23\ T, sunny side D Weny DED/INE L 7
ST=DIE, 7 4 N K o TRA DO NS EDHIR X
N W2 &0 RIE D < 72 D AR Ak <
RolclchThD, ANy ZFET)H 2.0 Pa DIRE, A
Xy BT ON-2)H ATRE 6.6 mm F2E Th - 72,
ZHE. T4 DREED S5 mm LY b FRICEN,
Lo T, AN - NEMRICARNT AL, 7
4 VDM ZERELCHET 52 LD TELMEDR
WHIRESN D, Lo T, @B/ % —EREO
shadow effect D&% 7 4 X > THIRT 22 &
NTE, BIREEOBRMEZETZ LN TE,

shadow effect (

32, HEWmICEERER LA —RTF ) Fa—T
(PECVD %)

B 6 12, PECVD Rl EAR ARV & & G J@ /& — ]
ICERAR—Z M EBATT 2R A" T, B 6(a)iTER~
— A NEBAET, AR E IR VA BIZEV TR
E3Eb0, K 6b)IaRE ¥ —r LA
NEET D LD ITHR—R P 2B L TRE ST
LD TH D RN—A M EBAT Lo 7256  CNT
IEREET, W ONORIF-BIFETHDHTH-
7o $RA—R NEBAT LGS, &Y — 2k
5 VACNT 25k L7=,

PECVD THIH S35 DId, FICFEME o fafmng
BT D, EIN L= BIEDO KIS 1E 2 O R ¢
T4 25, Z OB OE S, Child-Langmuir
OIEHITHRAE S s, SRIOFRMETTIE, Z0E
S1E021mm Thote, kLT, F2AR— MR HEEE
25 mm CThotz, Lo T, T AXAEREIED
ZElkoTEREFHICHMENDELIT. 50
V/mm B2 1 kV/mm FREF THsE IS Z &

(o) % D
X 6 PECVD BF DR — 2 N EAT DOZIHR

(a) $5— 2 R 72 L

102

DD, TCVD FHINA T RAEBILEZHIN L7200 T
ILES 2359 < . CNT IZFEERL A L 72\ [10], PECVD
TiE, BOEGSEIM ST elos, FEERLE L

72 CNT MG H ATz, Lo L, RRIBEGH O E £ 13 0.21

mm FBRETHLH, BiRESE ¥ — L DEEE

ELRWEA, EX 0.5 mm OFFEIEKR ETIET T

R VR L2\ [11]. &5 T, PECVD 3T VACNT

TR ESE LD, il E T XA~ BENE

5 KDk & Al AR S TR MERD D,

Fro. B PIAFET D01 A i, EH T

WL, P2 & Bl L= @B/ NS — U iliE T 5, 2

DEBICLVBED ANy 7 ) o TROMBREZ |

Ni filtlfE Dok Fb2ME S 5[12], L > T, TCVD

ETIHRE Lo AXZ— 0L Th

VACNT A3k L7z,

[X] 7 |2 Ni i D EEE & Pre-treatment BFfif 2 2k &
B2 D SEM %4 ~¥, VACNT DOEAIT Ni KE
23 3.6 nm T/ 30 nm, 36 nm T/ 50 nm, 360 nm T
£ 80 nm TdH 7=, Pre-treatment FFfi] 2L & 5
& VACNT OE LA L7z, NifBEA 3.6 nm D
54 . Pre-treatment FFH 23 0.5 min ClF 50 pm™,
T2 90 pm>, 5 min TiE 20 pm™> Th -7, Ni[EE
23 36 nm DA, Pre-treatment FEf A 1 min Tl 40
um>, 5 min Tl 80 um™ TH > 7=, Ni BEE2 360 nm
D54 Pre-treatment FF 2% 1 min TiE 30 um™, 5 min

TIE35um™> ThHo 7=,

Ni ENEL 725 & (CNT DERNKE L 2ol
Ni [RERNEL 722 & | B S DRI T DER S K
&< 7%, CNT [T LV HHIWED S DITRR L
72N, Ni R & CNT OERITHAE] L2, Ni fi
JE73 3.6 nm DA, Pre-treatment IRFff 23 1 min DIRf
(2 VACNT DFEDIRRICR > 7o, T D R E
IR DRI » BT+ TR < g
PEDPRLT- 23D Te o T2 T2 D B FE N L= &5 %
77. F£7-. FEEFRD Pre-treatment TiX, 77 A~IZ
Ko TNINANYZY T ey F TS TEN
B LTz7=, CNT 2R L7edro> 72, Ni RN
36 nm D4 B X Pre-treatment B[ 2% 1 min X ¥
b Smin DHBKRENpo7z, ZhuE, Ni DEBZ)N
S7=DT, EFEH Pre-treatment #1772 > CTH 4312
Ni > TW27edTh D,

1 min



1 min 5 min

Pre-treatment Time

0.5 min

7 40 nm, £ 50 pm

3.6 nm

36 nm

v

360 nm

Ni catalyst thickness

ERlo

TCVD % VT Ni/Mo 7% — > DEERITE D Fx
M HEREE L7Z ONT 2 /ERL L 7=, TIEA Z v
~ A7 @ shadow effect & &FEFRT-DOENIMEDOR X%
FIH U BB & — B D 7 7C Ni filt i 2 Sk 7k
W7, ONT Ik 71k L= fiiE D B B E T 5
72, CNT OBINKENEBL LTz, /o, ARy ¥
Wilc & —7 > b =57 ¢ &8 L CTERIC
AT A8 BRT- DA EEHIR L7, 2 DOfEH.
CNT % #x/NC 2.6 um OFERIGRINEE S®5 2 &
MTET,

PHND&%%wT VACNT % {E# L7-, VACNT
EREISELT-D SRR C o D FEAR AR L & & B
ﬁi@%@ﬂ&~/%%@éﬁfk<_k#MET
&Holz, VACNT OERIT, Ni lEDORE %2k &
HDHZ LIk THIETE 7=, VACNT OB
Pre-treatment DR AZZ{L X ¥ 5 Z & THIEITE 72,
VACNT OB K & 725 Pre-treatment FFfE 1%
imﬁﬁﬁﬁ<&ék§<@oko

LD X 5z, Z4E TIZ CNT OALE., B,
E\pi®%ﬁ%ﬁ5_&#?%koﬁmﬁ%V~
#(Free Electron Laser; FEL)& FRST L 727235 246 D
HE 7 2 2R %4TH 2 LICLV . CNTOHA F VT
4 BRI B BREEOE) /2 CNTF /T LA %
BT HZENTEHEMFLTND

4.

- -
— —

103

7 Ni IR | Pre-treatment WFRi % 25 (b X & 72 RF0> SEM {4 (scale bar: 300 nm)

HEE
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1. [FC®HIC

ZnO0 1T n B OBIEIRT 3.37eV DT A R FF
¥ o EERKRTH D, T F Y P rOFBETRLF—
2 60meV L R&EL, ZoxF v b T —HERIND
ENTHEEMRL, RIS FEETIEDRNFET LT
EHSN TV, BUE p I SrCuz0s/n JEIZ ZnO % [
WEREEFRFMMER SN LWV |EFIOLH 52,
SrCuzOz ITAKMIC LV R K RSN DHEE B H Y |
N REx v 703K 26V ThH AR NFE T EER LT
bEFEFR—NVDOEB/EEEINY FF Y v 7Ok
SrCuzOz T I >TLEH, FI TRV Ry v 7NIZ
IF% Ly LaOCuS & ZnO I X W BHNETF 2S5 =
EIFHATHD ENZ D, £, ZnO I E RIS
DT IRV BIEREAIETE D, Fa X RE R
DMERLATRE CHUBLL ORISR S T 5 PLDIEMIC L Y
Zn0 OFIEE T 72, ZnO X Al % R—7 &8/ n o
Zn0 DO ZITVN, FI~DEE L WMEIK 2 8%
BRI 2 3 L 72,

2. EEAE

(2:1)  Target bulk M &%l

ZnO ® Target bulk {22\ Tl ZnO (Zxf L Al.Os %
0,1,2,3,10wt% A L 72Ky K%z 80t THAMEMM L7t D
AL, 22 PLD B X o TRl & B bt
L7z,

(2-2) PLDZAIZ& B EREER

WHIRERUZ AW - ERERE % Figl 1”7, Fv >\
X —R I LD 10-5Torr £ CTHER Lok Ar 7203
0z gas Z¥i A L 102Torr FRIARIEIC SHANT & 0 &
1064nm ® Nd-YAG L —H % L8R 20mm oL X
THIEL., Trv U N\NNOERIEICERE 72 Target
bulk (2 L—H# 7 L & 10d/em? THRET 5, B Sh
St END T T L— 3 v L A 20mm ISR [E
ST BN A A HE

1 MESM
Tablel Measurement condition of PLLD method

LaOCuS Zn0
Gas pressure Ar 102Torr 0102 Torr
Substrate MgO (100)  Sapphire (001)
Substrate temperature RT 400°C

S, EEA T2, ZnO BIZT7TEL T 7 2 TH
B2 BRI & VT 400°C T 20 FRRETBVLEE A fi 9~ 2
L ORI bR S T2, FOMODOEIEIZ OV T Tablel 12
RLTCEY ThHhD,

Nd:YAG laser

Focusing lens

Substrate
| LaOCuS: MgO(100)
Zn0: Sapphire (001)

Target bulk
LaOCuS 7
Zn0

LaOCuS:Ar atmosphere ﬂ
Zn0:0, atmosphere

1 PLD {EFEBRIEE MK
Fig.1 Experiment equipment of PLD method

To a vacuum pump

3. REREE
(3:1)  PLDIZ& YR LI Al F—7 ZnO HIED
SHE

Fig.2 (2J5IC PLD 3% FHWWCER L 72 ZnO D
XRD JIEFRERIZOWTTRT, AlOs DIRAED 0,2wt%
DWW T, ZNFN002EH1 R BRH5NTWD Z
EMD cHEE L7 ZnO OFERMBBEL TVWD Z &b
M5, 3,5,10wt% L IES B A2 I & B 72 #BIE ZnO o ¥
— 7 N TRNZ E D AlOs RN L v fE sk
FPTTEALT 7 ATHDEVZ D, Lo TYAG L—HiC
X% Al F—7 ZnO #EIERIZ I T AlOs DIRA i
SWtN AN HMY THDH EEZOLND,

Table 2 [Z/ERL L /-3 > EDX HIEHESICHOWTR
9, Target bulk 2 Al:Os DIRAREEZHEMEIEDZ LIT
LRI Al OFIEGREINL TWD Z &b,
ZOZEND bulk FORGEOREGEELEEDZ &
THEIEHIC Al OREEMIEDL T ENTRERTHD &
Wz 5,

Fig 3 \ZVERL U 7= @M D PL JIIERE RN DV TR 97, ZnO
D IHD(ALO; BA 72 LYOWt%IZ-2 W\ TiE 380nm 1T (2
ZnO OTF T kU3 G(a)DNBE IR TE D03, 1wt%ik
AT D E(@DTF M UFEADBRIBLTND Z &b
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Fig.2 Analysis of crystal structure of ZnO thin film

# 2 TRAF—HO X KT (EDX)HIE 5
Table 4 Quantitative analysis of ZnO thin film

Atomic %
Zn O Al
ALO;:0wt%  53.42 46.58 0.00
ALO;:1wt%  56.44 40.65 2.91
ALO;2wt% 56.07 39.58 4.35
AlLO3:3wt%  48.92 46.43 4.65
ALO;:5wt%  34.48 58.29 7.23
ALO5:10wt%  33.67 53.46 12.87

BY T A R—TI2L 2%l EE2 NS, Fhic
KL 5,10Wt%IEA L72 & DIZHOWTIL B S - 7236130
RBENTR Tz, FETAHLERBO TR LN D (d)D3E
eid O RBElC L 2R TH B,

(3:2) NI ALY v I XML DXAF SBLHI
AARRFETHRFIAEZR D7 2 N U v 7 X
(P XR) ZAELEBITRSRENICBW CRESMIC—
WIS T B =R VX — 3 FFoiz, = xb
X — B XBRIRISEE (DXAFS) BIENAHE
Thbd, ZNEFFAL T, PLDIEIC L VY ERIEL 72 ZnO ©
ik L Al F—7 R DA E OB AT 2 =
EEAMELTND,
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\RT, Zn EDERSY TIE X AR D = L X — 23R 0D
Ec=9.663 keV LL L2702 L RINARICH X TWD Z &
Db, Tk LT, ZnO < ZnO:Al TlxW s
I TOWMDFERLDNTAR Y . WD & i = R — 1l
TIERIRED T > THE L TV D, Zn KR XHRo =
X —ZRIT 5 L NRBE T DO RS 2L, KE
FEL TR LTV, 20 & XEFHIFEET 20X
AlJFFIZE D HEFDPBELSIN TR > T DMEENAE
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HEIND, 1E> THLRET DO FDOECZ DR
HEAZIRETE D, /A XPKE L EREZRIEEEZ TS5
T OITIIBEE R ZIEIX L, R L=V 7 &2 {ThRiTh
72 57200, RS Al O K =712 L - T3 LUWOVHE
EOEBRBD LTS,

4. L ¥

PLD ALY ZnO % Rl FAZ D U/
FIZ AloOg & Target bulk IZIBA SHE D &L Al R—E
LY PL JIEREO B — 7 RIS D HFEICT T
FENF, £7-. PXRICEVXAF SHIE LRSI
BOTEMERC Al O R—712 L » T LUWEGHIREE D2
RO LNTND, 5%IFIN6O pn HOU A ¥
Y v THEERO pn BEA ATV, B O RER O
HENEFMTE D ELFETFOT A AMeEBFE LW,
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(LaO)CuS”, Journal of Alloys and Compounds, 249,
pp.221-223 (1997)
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oxysulfide”, APPLIED PHYSICS LETTERS, Vol.77,No
17,pp.2701-2703 (2000)

(3) Kazushige Ueda ,Hideo Hosono and Noriaki Hamada: “Energy band
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1. FANE

S HEEN A SRS T 5 A BB L — OB S
il LB A RE R A= o~ L —PRIC L D
Pulse Laser Deposition ; PLD %2 & 0 gk 4 > (TiO2)
A X NT 7 A K (LaCuOS) - BR{LHigh (ZnO) %%
DEREER 2 R LR TF~DICHZ 1IN D 2 & %
EBROBWET S, BT ¥ Vs —T 1T L
MEHL, ARBEOXEEC, B O=ENTORHAEZF
A LTRSS Ot RO8) 12 K0 PG R
RO - FIER, R - R & & Rm3 2 LA
BNTW5S, E£i2, BLF ¥ o O E LTSI E
ETARICHLEETHD Z ENbhroTW5, EHITEE
{bF % v O fEVERC X 27% 5 - BHIGTERICE R L.,
IO EREICHERART D HEERGF L, — IR
WOMRIZITE T 2 v 7 OB B & Fh % R
FFT 27 7 VIVRED T DAEEM B KB SN D,
TERD I T HE T o DR E DT ER Y LA LT A~
DR ICEIR COBLEE N NI R - O GBI Ch 5 3%
HRE~EHAT DI H iz 0 B OER « BENELD LN
SRS D, £ TEBRA~DFT A=Vl L—
YT T L—radEcER L, IR T VA NEITH
T & T, AR SO ORI R OJER & RO )
FEEEMELTVD, ARTIX, A38H 7 2 EMR EICE
fbF & VIR ERLL . 23 6 O & Ol o Rtk
T L 72 AT W TS T 5,

2. ERERERUVAE

SEANZL—F T T L—a ikl E, LA L —
PHEENL VX EANTE =7y MEKRTHHEICK
DESEROZ —5 y NREZEIR - EEKEICL, 20
RMPEHEEAL U CRRIFEA - FhiE o+ - A 4 S0h
ZRBLFBHERICHIN SN 2 BIRTH Y . FOFEREL -
B (I—L0) YR Lxtin L MO REIATE - HE
L CHEZIERT 5 5L TH 5.

[ 112 SEBRAEE O X & o3, AN &L ¥ IR 193.2 nm
@ ArF L—¥3 (Lambda #1884, COMPex201) % £
B 300mm DL X THERL, F v o SWNICERD 45
EICREEIN-T T2 —EREmFZ o CHREE.
ST-01: 7 L Z ) ~L 7 |24 L, RE #5E (13.56MHz)
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&Y Ny 7T AT VA P ERAITORT 54580 7 2

(ZNVTFALF) IZF =5y ML E2HREIE 5,

N, N—=T (b & o % R ) & 2 SRk a
110z, HUESMIL, L —3 /37 —200m]/Pulse, L —H
T = A 10J/em®, 7SV ARG 20ns, 0 R UJE S
10Hz, MG 60min, & —7%" > NIEHEEHE 20mm, %
PHSUE 0.05Torr,  ZEAIEAE 200°C & L7z,

FRIESEEEl & LTS A= RE AT IZE BT —
LN, 77 A= L LTINS HT (Optical
emission spectroscopy) . #VERHm G L L LT, EEME T
TS (Scanning Electron Microscope) 12 & 5 FRAiB1ZE,
AR T ~ > 43628 (Raman Spectroscopy) (& & 2 i & 7T
TRV F— B X M5 HT & (Energy Dispersive X-ray
spectroscopy ) (2 X B E & 4. 4y Ot WO O B G
(Absorption spectrophotometer) (T J 2 WG EEJIE K& OV
YRFE Y v TR =R UABEROSETf & LT A
F Lo I N—REISE 21T - T2,

Ceramic Heater

RF discharge

@To a vacuum pump

Ar atmosphere

1 FEREGE
Fig.1 Experimental configuration of PLD system for thin film

3. RERERERE

(3.1) 77 Lb— 3 T LD

X 2 [CEBEOEBEFOT 7L —2 a IV ADERE
Y, JE RIS /L BRI L CH Y | kI S
WThHo, L—REFRNSRE S, 771 —1 3
U B FERT AT L TS & L fe o T A,
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Fig.2 Luminescence of Abrashomplm because of high-speed camera
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TT L= a IV ARFERICHOTNE | R LT
WSHRT DR TE S, Fi2, NI L— RS &
=W (@) 2> FEA 10mm BZED (b) F T 510nsec
Lo TERY, HWELRDIZE Z A, 19.61km/sec T >
720 F72. (b) DB T A — A 20mm i (¢) T
13.89nsec &7g o TN D, AT ICL—FRE S
TR 0 & OFEI 10mm 72> 5 20mm DOfkE X 0 #E < 72
STWD, IHIZL—FRFENTBE (@) 25K
#E () FTOHEEX, 1627km/sec TH-o7z, (d) TiX
Tl —var VAR L TR AR T &
Do

(3 2) FE /\ﬁlﬁ/\ﬁ‘ﬁ‘

\IREE S 2 S BT REFE B DA
7hw%m¢oww¢mmﬁh__mdm/747-yx
T AN B, 600~800nm FHEIZ Ist RHT 47« A
TANRTEND, Ist RHT 47 « VAT LTI, HE
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Fig.4 Vibration temperature of plasma gas molecule

ERbMNDL, ZOZELY, MEENEHT D EHIN
W, IV T IX{bTrLEEBI NG, Flo, FBHR
N7 B N, OIRENRE T, Z RO TMEREH 4 1T
9, 50W TIX 5700K & 720 100W Tl 6000K & 725 7=,
L7eMRo T, MEENE BT D LMENTADLGTOIRE
NEAFTEEZONS,

(3.3) SEM T & % R i@

X 5 (2 EAE T BN X B IEE S 50W TR L
TR O R M O WG 2 R, B EREIC 1~10pm
BEO Ry 7Ly MRERESNTZ, K6ixkry 7L
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Fig.5 Scanning Electron Microscopec of surface of thin film
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Fig.6 Scanning Electron Microscopic of surface of ablation plume
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Table.1 Energy Dispersive X-ray spectroscopic of Quantitative analysis

WEE Ti 0] N
== Atomic% | Atomic% | Atomic%
ow 38.42 59.22 2.36
50w 36.48 41.71 21.81
100W 35.9 42.72 21.38

(3.4) BAMAT ~ > oy et

B 7 BT ~ T ORER R EZRT, Ok
B X0 SR TIE 100W {2350 T Anatase B — 7 23l &
Nz, OEBRIZBWTIE 1 ROATH -7, KRIZH
g IZ Ry 7Ly NERIE LIEHREZRT, WO
JEIZEBW T Anatase B'— 27 DNBEEICEHBI SN, 2D
ZE LD, 200CE WS RIE TR LIZS WEEZD
nad, iz, BIcARI FAZHW=OTHLELET
ELT 7 ATHY, FREMELTND I EHEREE X
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Fig.7 Raman spectrum of surface of thin film
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Fig.8 Raman spectrum of ablation plume
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(3.5) EDX IZ X D ERSHT

Table.l |2 EDX IZ KA EEGITOFRRERT, Tk
D, JAFEES OW, S0W, 100W TlEF ¥, BE, €%
DRIZENMRNDHDZ ERDND, i, 9 |ZHKFEE
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Fig.9 Content rate change of nitrogen into electrical discharge
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Fig.10 Absorbance measurement by spectrum photometer
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Fig.12 Photocatalyst revitalization evaluation by methylene blue

resolution reaction
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YAG L —FT7 7L —3 g VB K B RIEFEF LaOCuS K

A FREAY, R WE'. WABE R gA B
I HARKZH T 2B TR (T101-8302 X H X4 B 5 1-8-14)
2 H AR KR EEBEBE T2AFZERE (T 101-8302 T X A BRI 5 1-8-14)
SHARRFH TEMES TFR (T101-8302  TCH KA HEA 51-8-14)

1. [FC®HIC

FX VN7 7 A KLaOCuSidA A v iEA N 5725 La0
& & HERA G225 CuS B AICHE L - Fitk s
EFAHLTRY, RBIIBITFZ2N Ry v 7P 3.2eV OF
B p BB HERCH L2000, F EREEMICHE L
JEREZ A L TWDZ & MEOEHIT X 0 KD HIE A3
ARETH DO L Vo2 Z LN BHE p BUEERT N1 2 B
WHFRA. AR BHEMRR E~OSANREIFIS T
WHW HRT L I R EIC 3 TR 380nm IR 1
R 5 %4388 & #9 500nm 7> 5 700nm O AR REREL IS
BOW TR L DT v — FRFEEBHER ST
202 B LWENE L LTCOIGHANMFS T
%, F£72 LaOCuS T ZHIET 25 Z Lok v, 5ok
REAETE D, Fx TREREREDER R TR O
AR S THh 5 PLD EMZ LY LaOCuS DREEATT -
72. LaOCuS DOAEALL Z I3 27212, LaO gD O 12>
W PLD I X 0 ERLL 7238151 O2, He 77 A< LH
g Z & Tk BT EH AR Z L O Oubgl - KA i A
77o E£72 CuS E®D S 122\ Tk PLD ICHW2D Target
bulk ® S DILHEE L SE D Z & TERL-#Eb D S D
RS T,

2. EEAE

(2:1) Target bulk D&

LaOCuS @ bulk fERUZJFRECToH 5 Laz0s,LazSs,CuzS
EALFERILICIEWVIRS LR % 80t THEMIIL L=
OEER L, £72 S OUFEEZAEITLDIT S OMK
% 0,2,4,6,8Wt%ENEIRA L, TNEFNPLD EIZ L - T
MRS L S EE R R L7z,

MIRERIC AV EREE % Figl (ORT, F¥ v \NE
2 —RGFIZE Y 10-5Torr £ THR L72% Ar E£721% O2
gas Z it A L 102Torr X FASUTIC S H4MAB L 0 K 1064nm
® Nd-YAG L —¥ % & G 0EHE 20mm O L X THEHK L, F

# 1 WESM
Tablel Measurement condition of PLD method

LaOCuS ZnO
Gas pressure Ar 102 Torr 0 10 Torr
Substrate MgO (100) Sapphire (001)

Substrate temperature RT 400°C

¥ U NNOERALEICER [E & 417 Target bulk (2L —W
ZNx A 10d/em? THRHT 5, B S BICKM S
LT T L—3 g 7V N 20mm (SR S W RIS
HeRE S, WHAIERY 5, LaOCuS HEI7EL7 7 R
ThbH7d. 103Torr ICHER SN AREHICHZEE AL,
ERIFEH VT 900°CT 20 BRIAMHE %4 = & T
LaOCuS Offgfb % &7z, E DD G2V T Tablel
IZRLTCHEY ThH D,

(2:3)  OgH, 75 X<

LaOCuS I 2 TIFERCE 2 I 5 72 DI A%
BERZ7e—EICL2 7 I A~z Lz, 77 XA~
H 44T 9 LaOCuS MRS & Owt% ® Target bulk TIE
MRS T b 0E AV, EHT 60W T 0277 X
<IC X VB LA A . He 7T A<l L » GEITUE Z 1T -
7o HEEH) 50W, IEREIXZ 24 2,5,10min & L7z,

Nd:YAG laser

Focusing lens

Substrate
LaOCuS: MgO(100)

Target bulk ZnO: Sapphire (001)

LaOCuS
ZnO

LaOCuS:Ar atmosphere B
Zn0:0, atmosphere

To a vacuum pump

1 PLD #:528REESMIE X
Fig.1 Experiment equipment of PLLD method

3. HERER

(3-1) LaOCuS @ S BALLDEBE~DIKEFHE

Fig.2 IZfE L7=# D XRD JEF R % ~7, Target
bulk (2 S 24 wt%iB A L7=7-8 ., ik OIRMEN TS
NN, MEHRELY EOREGHORBIZONTDH
LaOCuS @ Simulation & [R50 — 27 O A DBHER I 1L, b
B & L TARINT U La02S @ &5 Zeflioy
BoOv—7 A% biiehotz, EifEmEconT, S
DIRANEIZK LTI R TOREEICKE B mPER A B
RN e b, EEIZIZIZRZE O LaOCuS Offdh 03 A Ak
INTNDZ EBDbID,

Table 2 [Z{EHRL U 7= # K> EDX &2 & % La,0,Cu,S »
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Fig.2 Analysis of crystal structure of LaOCusS thin film

that operated sulfur atom.

EBNHTRERIZ OV TRT, LaOCuS ORI T &
DOHBELLIZZENZEN 26%Th D, S ZIRA LR Owt%D
Target bulk |2 & 0 {ER L7 EIZ DWW Tix O 2@ FIfEH
THY Cu,S DEIGHENZ EARD0D, Eilxt L Target
bulk (T S ZEA LHEEA AR T 5 & bulk © S OEE%D
2,4,6,8wWt% BN 5 2 & TR O S OBEIG L.
KABRIED S 25% % B2 2R FMEMAIC /5 Z L3 boo
7o S OEIGN EHTHZ L THEEWEN TH-720 O
PR GRS, BARRY AR B IE SN TN T E R D
D5,

Intensity [a.u]

S:0wt%

L 1 1

| | |
400 500 600 700 800
Wavelength [nm]

3 7 M F v APLRERTR
Fig.3 Photo luminescence spectra of LaOCuS thin
Film that operated sulfur atom

. , .
L W :8wt% 2.7eV
@ 6Wt% 2.7¢V
B 4wt% 2.9eV
m A 2wit% 2.8eV
® 0wt% 2.8eV

I~ <= Urbach edge = //’

SQRT( « *E)

.+ /, Tauc plot
2.0 3.0 4.0
Energy [eV]
4 RNURFy v FoxLX—Eg DEH

Fig.4 Deriving of band gap energy from spectrum

LaOCuS #EH D S DIt EL{LEETo 7+ ML IRy
T RRER R E Fig 3 12T, TXTORNT MZon
T 380nm 1z LaOCuS O b U RIE R S 1,
AR YEREIR I 1 T 550nm FHEIC B — 2 % b Dfk DR
EFIT00nm & B — 7 127 n— RIS B REDHDEDS
NTNDZ ENbND, Fiz Target bulk (2 S % 0,2wt%iE
AU CHERL U 72 M5 > T 550nm A+ 3T D FE A AL T
BH BN, 4,6,8wt% & EIGE I SE S Z & T 550nm DI
DIRWEIZIHD U 700nm DOFEENHE L 7r o7, ZOfRERE
EDX IZ & 2 EBNITHERZ BT 2 & 0,2wt% CIERI L 7=
ML O BRUEIANICH 5 Z & A5, 550nm (I DFEGIT O
WRNCEDRBEENLTHDEEZOBILD,. 4,6,8Wt% D
IZOWTIE, S 3BT & 2o TWAH Z LD 700nm (35D
BT S ICERTLIHETHIEEZLND, 5T
LaOCuS H® 0,8 ##E74 % Z & T O OilfFlH 5 550nm
DFktL L S BRI XV REDFIEEHIHATRETH D LV Z
Do

#3 X X B0 (EDX)HIE R R

Table 3 Quantitative analysis of thin film that gave the

Ogz,Hs2 plasma processing

Atomic %

La O Cu S

Omin 253 29.5 22.7 22.5
0, 2min 19.0 31.6 21.5 27.9
0O, 5min 17.0 34.1 20.8 28.1
O, 10min 18.2 36.6 19.8 254
H, 2min 23.7 29.7 22.4 24.2
H, 5min 21.8 28.2 27.9 221
H, 10min 23.1 24.7 30.9 213
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ERL L7~ LaOCuS #iED Ny F¥y v 7 R/ ¥—Eg
2RO B T2 A eI REFHT K0 R O W R A I E L
WAREL « AR, BRI SEF =L ¥ —E, fithlL o &%
FIFLF—E L OBOTHIRE LT Figd DALY L%
Hiv-, ZOWIENS Taucplot & 0, HEX 225 Eg i
92 LAER L7 I 2 2 Eg=2.7~2.9eV D/ R
Xy v TR X—DELNT,

(3-2) LaOCuS A #+ ViEALLDBEE~DIKEFNHE

Fig.5IZPLDIEIC L W IE L7277 X~ Bz i L 7=
D XRD A ERERIZHOWTRT, Fig.5@) D 02 75 X<
MLER A i U 7= W LI oW TR, B RIS B AR 2R <
LaOCuS vzl —yartfSor—rnEontk
D, TNUSAORERHOE— 7 ITREL T W &b,
%, Fig.5(0)D Hy D7 T X< PR E 4T - 1231220 Th
[FERIC LaOCuS D 2 = L— 3 v L&D E— 7 355
Nz, F2 BN 2min OGEIC OB AN & L CTER S
7z Laz02S O B — 7 BHER S oD M TH D | ik
BREMIC L W B — 7 OEAMEE RN 7 T A~ MBI K

W DTN ENWR D, UEDOZ NG T T A s
L TH LaOCuS DOfEfEZ DL DITIFKE g3/
<. 77 A~ LaOCuS LS OB AR KR E S BE L
WZ ERbhoT,

Table 3 (277 A~ LB % fiti L 7= #EE O & BT 76 5 %
Y, O2 7T A~% 25,10min fiid = L2k >T O DE|
B DMLERTO 29.5% 2% LT 31.6,34.1,36.6% & BEHMEMAIZ
HDHZERDND, LIER->T 07T A~ B % fiid = &
THIRICERLIER 23 2 0 . LaOCuS #d Tz O Oifa
ERFIEECTH D VR D, RICHe 77 A~ %479 Z &
THEFR O O OBTTABEEZIT 7oA, fLERRH 2,4min T
IRALERRT D 29.5% & Hell LT 29.7,28.2% & O DHHRIZKE
RIBGIEA BRI o Tz, L UERRK] 10min THOEE %
1T T HEIZ DWW TIE O OFIGD 24.7% LKL TW5 Z
LRRZTONG, ZOZENLNERKSCT T X~ 0%
RIS L > TETERZRE Z L, O OXRIBHRIENTTRES
EBEZBND,

Fig.6 127 T A~ Ll % i L 72380 PL BIEREHI2 >V T
AT 5, Fig.10(@) D A7 M UIZDWNWT O 77 A~ JiftdE
& 2,5,10min & #NSH 2 2 & TAEDERERICB VLT
550nm {1UTDFESENED L, 700nm I DR A K EAY &
7eotn, 72 380nm IO TF ¥ h KL T T X< 4LER
EATH Z & THRRIZZ2 b7 < 7p o Tz, 5 EDX IlIER R
LV EERIZIZ 0 OFEIENHEML TWAD Z EnBRHIZ 0 E
FlOE—7RNEH ER2D L TRINZN, 77 A<
LV HERER A~ O 0 BRIELIZEB 2L, FORER
KiE72 ORI k> T2 F 3 b 3R 550nm T DR
DWRELZEEZOND, He 77 A~ WUH AT 5 72
Fig.10(b) TIZ B H I A8 2,6min @ & O 13 e [A% I
550nm U7 D AIHIEHEI O FEIEAMER L 700nm i D3
KN KA & 72072, Zxt L He icERE 10min 17
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72 b DA DN TR K B0 AR Sl HENL 0 38 S 53 K L2 i
L, =% N BEPBEFICH bz, Lo TH 77X
VAR R ERREIOGECEAE B2 H L, RS ERL
DFNEMHTEDLEEZEZBND,

0, plasma 5Smin |

T T T T T T T
L 0O, plasma 10min _|
% L .1 Az P A A

? A . a A A
CG. —
e
=1
2 Omin
=) i
L]
~ ~ - _ aLaOCuS Sinlulition ]
g I |A§%[ . vlgl .A ? I ?I ]Ag %
20 30 40 50 60
2 0 [deg]

(@) 02 77 A~ gt

O2 plasma processing

T T T 7]

T T T T
¥ 1a,0,8
H, plasma 10min
H, plasma Smin
I v H, plasma 2min |

Intensity [a.u]

_ P _ LaOCuS SiII’llllatlon
s & Sz Zg  § g zZisssg
e | |‘7.)5A 1= | T Bl
20 30 40 50 60
2 0 [deg]

(b) He 7" 7 A~ 403

Hs plasma processing

5 XA T (XRD)FE R
Fig.5 Analysis of crystal structure of LaOCusS thin film
that gave the plasma processing

4. FEO

A[a] PLD #12 X W LaOCuS D #E#EIERIZ 1TV, Target
bulk ® S D EEELIEDHZ ETSOREE, HitS v
—HEIZEY O OHHZRAT-, FORHE S OEIGOHEM
L 0277 X285 O Okttt D EFH° He 77 X<
X BETERANS O MBI OB N IEETH 7=, Tt
AL N T T Target bulk H10> S DHLALEL 2 48 L |



& ZBFEEICT 5 Z & TT00nm (350 7 1 — Rk,
REEAZ ENTET, 120 /T AVUEHETHZ &
WL > TR PBEERICH Y O BRELEEL S
LHZEIITE RSN, He 77 AT Ko TR
FEIE D R R A R S, 380nm U LaOCuS =3
VANUORNEFEEL SEDLIENTERL, UEORRELY
LaOCuS# Iz DWW T PLD VA & 77 A~ ALBRIC L Y IR
& AP BIRDE OB R FIRETH D Z &R o

7=

X #k

(1)

(2)

(3)

(4)

(5)

(6)

(7)

(8)

Y.Takano,Chiho Ogawa,Yoichi Miyahara,Hajime Ozaki,Kazuko
Sekizawa : “Single crystal growth of (LaO)CuS”, Journal of
Alloys and Compounds, 249, pp.221-223 (1997)

K.Ueda, S.Inoue,S.Hirose,H.Kawazoe,and H.Hosono.
“Transparent p-type semiconductor:LaCuOS layered oxysulfide”,
APPLIED PHYSICS LETTERS, Vol.77,No 17,pp.2701-2703
(2000)

Kazushige Ueda ,Hideo Hosono and Noriaki Hamada: “Energy band
structure of LaCuOCh(Ch=S,Se and Te)calculated by the
full-potential linearized augmented plane-wave method”
J.Phys.:Condens.Matter. 16,pp 5179-5186 (2004).

K .Takase, Y .Takano, and K .Sekizawa : “Non-stoichiometry
effects on electrical and luminescence properties of the layered
oxysulfide (LaO)CuS”,Journal of Physics and Chemistry Solids,
Vol.66,No 11,pp.2130-2133 (2005)

WK HF, @ L Sk R [ AEL—F T T
— ¥ a VR L 5 (La0)CuS plilift) BRFERE - #7711 AHFSE
£, &EL 0QD-05-2, pp.5-9 (2005)
Ohta.H,Kawamura.K,Orita,.M,Hirano.M,Sarukura.N,and,Hosono.H.:
“Current injection emission from a transparent p-n junction
composed of p-SrCuz02/n-Zn0O.” Appl. Phys. Lett. 77,pp 475-477
(2000).

FBRFR LT 7 —va bt ZoEESHRESMNEAES
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L—¥ 77 L —3 g UEIC X B DLC KB R

wE =z o Eel'. bBA
1 BARFH L ARES LFFR (T101-8302
2 AARZRZEH T2 (T101-8302 TR H XA BRI 5 1-8-14)
3 BARRFH L FMES LR (T101-8302

1. IFL®HIC

T, HUERIRBE(L 722 & OBREEEEO KK & LT, 1k
LR DT K D B bR FE OB MER £ 4T
Wb, TIT, KB=RL¥—% “@biRFERED
WA 2 N ETICEEER T RV X —ICEARTE D
KEBMICIERNEE > TV D, BEZT Y 2K
BT TH D03, Hex RAEHZ B W TIFJED TGS
IR SN TE Y F- R KEEmOBFES B S Tw
el

DLC 1 X Fh PR PEAS i < TR EEFEME | B 7= 5 B 7 et
T, AHDEITEET 525, AL E I L THRET S
TENT 7 AEEREEEZAE L TVWD, LTI G
DREFEPEIZFE H L DLC KIG B O ZIT > T D,

WERD B ke LTIL, 7 X~
CVD (Chemical Vapor Deposition){ENHAHH. ZiLh
FIARHH O =1 71T p BUERKIZIEBH (PR T )
ZHW, n BUERIZIZPH, (R A7 ¢ ) 7 EDEMED
BN AEERT 5, 070, JERHESICE AR
MBI THER CELWEINNS 5, 22T, Fx
FEEOROC K- S HEEREL, LT T
— g UEEZ AV TPRDLC A S Y = v BRI i
ATV, KB A 1ERL L7z,

TP ArF (A1 =193nm) ,  YAG (A =1064nm) O 2 Fil
FEOFEWEZ FHNT p BUDLC/ n B> U = o KI5 A 1
T 5, THNENONIR CIER L7z KBE % &
B O C-V FRPEIC X o THEMETT 5,

2. KBk

4 1\ FEBREEE OB X % 7”7, F T RURRTC R
B A UKFEN AZ A 13.56Mlz O RF B2 L0 |
KFET T A~ HmRAESTE, Fr o N —HNICKRE S
DU A BERICREMITRBET y F o T E21T O HL
U ayHEBIEL, FRICT AT V=T AICTH

/AT SV N
TACH A BRI 5 1-8-14)

T XA R 5 1-8-14)

YAG Laser

RF [

JHZPlasma

N\

Substrate

/Ceramic Heater
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0

Target
vacuum pump
Ar, j ﬁ
B 1 FEEEEN

LREYxy Ny F U T E2{ToTND,

KGR D I M TR & LT, &K+ 1064nm,
TRV F—2, 75]/Pulse DYAG L —H | P& : 193nm, —
F L X —280m]/Pulse DArF L —H 2+ %, F7=.
H—IRRICA T R E1%REG L, 7V ARA L
TebDrs—ry e Lo, ML &L XIT X
WEN LT L—PaTF v o —NICEIN T X — 7
v ML, BAELZY—7 v MR T2kt & 87
U iR (WS, 0.1~100Q ccm) _BICHERE S
RIEAAT 9, ERANCIZ, BT v 7 e—F—%HY
T B TI Y 400°CIZ2D HEMMEAR FRETH D, T v
VN —PIE, FCERETIE 1 Torr/AKFE T AR, R
:130. 01Torr 7 /L = > AL TI1T 9 o

3. AERMOEL

22 ArF =~ L —F—2HnArr 10% R—7
BEH—0y NELIEROT 7 Lb—3a UL AR
N7 MVEIRT, ZOREEIY . REORFFHNLT

HHCLEAF RN THHCI, ELTARRBR DA

FURKTHDL BIICE—T BRAH LN, 2LV,
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Wavelength [nm]

X2 FHA~T L
L—YT7 7 L—3 g X o TRA LRk 1
(TTVr—varZn)icAstAbliz) Vg Eh
TWAHZ b0, v 3 B BICHERET DI
bRy NEENTWD EEZBND,
X 3 1ZC-VRrE AR T, 1/CORFZEMRMZ R LT
HZ LD, pniES BT HIAAIC K AHEEES T2
<, BEEGTHDLEBEX LD, EBIT, N RF
A SR RR=F PV ANMGAV-E N A VAT = L
% EAFCHERR L7z b O CIXIEREN A 2.4VIEH Y |
YAGDIGE1E 0. 75V & 72 0 EAMIRIZEB W TV, R & <
RHENDND, ZOEBE LT, HHLZL—FD
HRIZYAGHY 1064nmC 7 4 b v =R LF —(% 1. 2eVIC
KLU T, ArFIZ 193nm T 7 o+ b =R /LF —(% 6. 4eV &
A XYEY ROMEZFRLE—THD 5.6eVED LiE
7o TN 74 M f X —OEANERT S &
EZobhb,
BI4IZYAG L —H & = B JEHR EE100°C, AR m v
M R1%IZ 31T 2 BIE-BIFME 2 R~ T, FEAKERT. 38
A, BERCEE
0.33eVOFERNG O ALz, Fo, ArFORFIL, FA&E
2. 26 u ABRFEEEIEO. 19eVORE RN BTz,
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Y 3 AR OpnEA A REEEA THDH Z LR
HB L7,
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OHJATIERR LTz 2 FREEO MM A el 5 &, YAG L
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YESNBRIAL NH, 7 1 & 2|2 & % HF0, MIS #iE D
O W%, MR =2 Lk B

Ko —2h', @i 5
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H s PR

1) AARZHTEZHEFHERLFER 2) AARZEREGHE TR E T TEEL

1. Frim

ITAED LST OB 70 2 A& I fE VY MOSFET 12
WHILTWD Z — MR O AL 23 AT L T
W5 . BAETIEZEOEE X 2mm LT E 72 oo b

D, BEN R ITBRECEIDT— N —2FE
RN LT=T A 2 DOE MR T 28K
ERMEER->TWVWS . 2D, fiEko Sio,
7= MEEEICRD DB LT, SiERs —
MEZIEDOIFIE N L AT T\ 5 . EikEE
Motz 2 =354, L0 EViEEEICs VT
HEWVSI0 EEFILERNAELFEBLTEHZ
EMD, TAAL AOBEBRMREEZHERF L2 E £,
F— R = EBROMENFREE B2 DD . FF
2 HFO, 21X U & L7- HE R Bhid, sio, &
SMEREL LOFERLF L, FlomWBWILE
PEZe EOFHIC LY Si0, IS b B A — bk
MEFE LTIERE SN TWS . LovL 00, 72 ED
B MR 2 7 — MRS L7z MIS HiE T
I, MOS HEIEIZ B R TR FFENR S D Z EnE 6
NTW5D . —f%IC, U Sio, A Sk ER L Si
R E DR EATITIC TR E LT 2 2 &
W2 X0 I RHEOUEN T TN DAY, T HfE
IZ LD EKIEE DR, T HUEERIRE O E R
N AZe EORBERNESILTND .

—J7, Si BRZEALEN L Si B L IRIC N RE R
BEBEETCHDLZO) - BEREMATE, £/
F—RR Y U 3 AERIFIZAT D B T D IR
SNOREF T EMMHITEH LR END, FHF
7— Mkl & L TR AR TN TV 5 . £
ORI TIE, SiME LA THIRE Lizm
FHERMEBEORELEICER L . Si RE{L
BT — M, BB BRI kF L NH, <0 N,0 T A 5%
A CEIRBMIEE 2 9 = LI X v ERlS
5. L, EFOEERBICBWTEIR Y 2k
ANWZEDA RN VAERBEE - TETED, K
RIENLEEND .

FTxITINETIE, K m A F—% H 7o
TSR B D IRIR LI O W TR 21T > TR
D, SRIRBNE N, T AE NS Z LIk, Si
B R Si IR LIEA KR CRlREFTRETH
HZ RN LT, TR TIE, RIMRIENE
Tt A kL Si PR bE A T &
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= == %2
B M

THZ LTk D, HO, B A7 — b MIS 1
DERZOFFEC OV TR - BRFTEIT-72. &
7o, HfO, BB 235 1T 2 S84 R BI AL NH, A7 & 55
[P TOBMMIRIT L D FHERIT O W T S IEET
ZiTo7-.
2. FEBITIE

pJESi Hb (2—6 Q cm) & RCA Ve L /=14,
B 1R T8RRI 7" 1 2 A 3 2 VT Si
MEEZRE L. KE 172m o= X <)
BEEAIRE L, b —& BICERE LI EHICHR
L. 2B, Fv o /3=T1E N, A (20cem)
FBELON, H A (50cem) & E AL, HZEJE 300Pa,
b — X L EE 50°C @ & {F T 60min O It & 1T 72
WV, SiRELIRORE 1T 5 72, Z oREHT Xt
L ,Hf X% —7%7 v b & LT RE AN X BT
X 0 BREER 6nm @ HF0, % R, BEZEKGIEIC
L0 Al BWAERIL MISHEEZERLL 72, 2D
%, RTP(Rapid Thermal Processing) JEEIZX Y
2 HFFFH LT, 400°C, 30min DET =— L 21T\,
ERARHE (U — 2 BIAE, A& - BIERE)
DFAM 21T > 7.

£z, FfEEEO Si R R, BEER 20nm ©
HEO, Z#EE L, =D, K1 oEEE H T
SMFRIRST T O NH; A FRPHR (22 300Pa,
60min) TENT =— L &2{To 7. D%, Al 7'—
kN MIS #1E A2 ERL L, SRAMRENE NH, 7 =— /L
L D ERFHEO LI OV CEMEZ T 72, 72
B, HLIMKBHCN, T AFAKFT TOT =—
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* Crystal Orientation Analysis in Enamel Prism using IP
Micro-XRD

TF A/ MERN O EEBL A O PR
BRI L oBsiT, RUBHER - Bl% - 5HIZ
EDMEND, 3 WRITHZRHKE SEBLE 2 fFHT 92 D23 A
#, SFTTVORGENLE,

FERRRL I X BRETHES SR &3 2 08,

Wb 7 4V AE (IP) ZHWT, =F AVED
it e AL A & AT L 72

» Enamel Prism in Tooth Enamel

TF ANVEFT T AVE T NZ A MEEED 95wit% 5
DTS, WIEOTF A VE T F A/ MEDOE
THREND, FEdaiZ=F A W/ MENIZHEATEY 2B
2,




* Crystal Orientation Analysis of Tooth Enamel by
[P-Micro-XRD

Fig. 2a. (Right) XRD-IP image of the enamel sample
#2.

(Left) Radar chart for the intensity distribution of the
002 and 300 reflections. Note the intensity of the
300 reflection was not even at the opposite sides.
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Synthesis of (K;,Bij;)«Ba;14TiO; Electrostrictive Powder with High Aspect Ratio

Fumio Uchikoba

College of Science and Technology, Nihon University, 7-24-1 Narashinodai, Chiba 274-8501, Japan

In order to synthesize high aspect ratio (K;,Bi,,)Ba;«TiO3; powder, fibrous potassium titanates was
used as template materials. In the fibrous potassium titanate family, there are several molecular formulas
depending on potassium and titanium ratios. The molecular compound selected in this study were K,0-6TiO,
and K,0-8TiO, for synthesizing (K,,Bi),3Ba;3TiO; and (K;,Bi,)1,Ba;»Ti0;, respectively because they were
derived from only adding with bismuth oxide and barium oxide. Making use of the simple reaction formulas, it
was expected that the fibrous powder brought high aspect ratio powder. The synthesized powders showed high
aspect ratios, inherited the fibrous potassium titanates though the diameter is thicker than the each original. By
XRD, the crystal structures of obtained powders were identified as tetragonal perovskite. Furthermore, it is
found that the crystal c-axis is likely to be perpendicular to the powder axis.

1. Introduction

Potassium bismuth titanate, (K;,Bi;;»)TiOs;, with

perovskite crystal structure has piezoelectric and
electrostrictive characteristics and high Curie temperature
(Tc) though several different Tc values are reported [1-4].
Also, this material does not contain lead. Therefore, it is
considered as one of the lead free candidate for substituting
lead zirconium titanate (PZT) that has conventionally used
as piezoelectric and electrostrictive material. Based on
(K,»Bi;2)TiOs, sold
(K12Biy2)TiO3~(Na; oBiy2)TiOs and (K;Bi;2)TiO3-BaTiO;

high

some solutions  such  as

are  synthesized and reportedly showed

electro-mechanical coupling factor (Kp) 0.4 in both
[5,6]. of
(Kl/zBi1/2)Ti03-(Nal/2Bi1/2)TiO3, planar bismuth titanate

systems In the case
was used as a template powder and the highly orientated
powder was utilized. Recently, the same group reported
(K,Na)NbO;-LiTa0;-LiSbO; system with remarkably high
ds; of 416 pC/N [7]. In this system planar NaNbO; was
used as the template material, and also solid solutions were
studied for making use of morphtropic phase boundary
(MPB). Therefore, introducing high orientation of powders
and solid solutions around MPB seem to be key factors to
achieve remarkable piezoelectric properties.

The present authors reported (K;,Bi;;)TiO3; needle
powder that was synthesized with fibrous K,O - 4TiO,

powder as a template material [8]. In this previous powder,

the c-axis of the tetragonal perovskite crystal oriented
perpendicular to the powder axis. Although (K, ,Bi;,)TiO3
is not sold solution, if the needle shape is realized in a
various sold solution, such a method becomes quite useful.
In this paper, the authors propose a synthesis method of
high aspect ratio powders in (K,;;,Bi;;)Ba;(TiO; solid

solution system.

2. Experimental Method

There are several molecular formulas in potassium
titanate whose powder shape is fibrous. Usually this family
is described as K,O-nTiO, where n is integer. Particularly,
K,0-4Ti0O,, K,0-6TiO, and K,O-8TiO, are known as
fibrous materials. In the previous paper, the authors used
K,0 - 4TiO, for synthesizing (K;,Bi;;)TiO; by reacting
only with Bi,0;. Instead of K,0-4TiO,, K,O-6TiO, and
K,0- 8TiO, are used as template materials for synthesizing
(Ky,Bi;)Ba;<TiO3; system in the present study. The
assumed reaction formulas are described in equations (1)
and (2).
K,0 ¢ 6TiO, + Bi, O, +2BaO — 6(K, ,Bi, ,), 3 Ba, ;TiO,
-1
K,0e8Ti0O, + Bi,0, +4Ba0O — 8(X,,,Bi,,,),,, Ba,,,TiO,
-2

In those cases, only Bi,O; and BaO are used and

addition of K,O or TiO, is not required. To retain high

This paper has already been published in International Conference on Electroceramics 2005.
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aspect ratio structure, simple reactions are desirable. As a
reference, the following reaction described in equation (3)
was also performed. In the case of equation (3), addition of

TiO, is required.

K,0 ¢ 4TiO, + Bi,O, +2Ba0+2TiO, — 6(K,,,Bi, , ), » Ba, ;TiO,
-3)

Fibrous K,O - nTiO, powders were synthesized
beforehand by the same way as references [9-14]. The
synthesized K,O-nTiO, and the other oxide powders were
weighed and then mixed in a container with pure water for
24 hours. During this mixing process, mixing media was
not used to prevent from damage of the fibrous structure.
As potassium is easily lost by dissolution, all contents were
corrected in dry process. Putting dried powder in platinum
crucible, reaction treatment of 950°C for two hours was
applied. The fired powders were not sintered densely.
Therefore, they were easily unraveled. The microstructures
were observed by a scanning electron microscope (SEM).
The phases of these powders were identified by X-ray
diffraction (XRD).

In order to investigate the crystal direction in the
powder, crushed powder and oriented powder were
prepared. The oriented powder was formed in a sheet shape
with Dr. Blade method. In the sheet form, the powders were
expected to set horizontally to the sheet surface.

In XRD analysis, the specimens were set on glass
holder. In the measurement, the needle powder is
considered that the axis of the powder is set horizontal to
glass surface. The profiles of (200) and (002) planes were
measured. By comparing crushed and oriented powders, the
relation of c-axis of the perovskite and axial direction of the

needle powder was discussed.

3. Result and Discussion

The microstructure of the potassium titanates used in
this study is shown in fig. 1. K,0-6TiO, and K,0-8TiO,
correspond to (a) and (b), respectively. Clear fibrous
structures are observed in both cases. The synthesized
powder is shown in fig. 2. (a) and (b) corresponding to
(Ki2Bii2)23Ba3TiOs and (K12Bi2)12Ba 2 TiOs,
respectively. The (K;,Bij;),3Ba;sTiO; powder and the

138

(KyBijn)12Ba; 2 TiO3 powder are synthesized by equations
(1) and (2), respectively. Additional TiO, was not used in
these cases. Although the diameter of synthesized powders
are broader and the aspect ratios of synthesized powder is
smaller than those of K,O:6TiO, and K,O-8TiO,, it is
observed that the aspect ratios of synthesized powders are
about 10 in both cases. On the other hand, it is observed
that the aspect ratio of the powder obtained by equation (3)

decreased significantly as is shown in fig. 3.

iy
1 24
| Sy

Fig. 2. Microstructure of high aspect ratio powders.
(a) (K1/2Bi1/2)2/3Bal/3TiO3, (b) (K1/2Bil/2)1/2Bal/2TiO3




Fig. 3. Microstructure of (K1/2Bil/2)2/3Bal/3TiO3 powder
synthesized with TiO2 starting material.

XRD patterns of the powders that were synthesized
by each equation are shown in fig. 4. All of the major peaks
were identified as perovskite crystal structure. The peak
split of (200) plane was observed whereas that of (111) was
not observed. Therefore, the crystal structures were
identified as tetragonal perovskite. Although secondary
peak was not observed in (K;,Bij;);»Ba;»TiO;, minor
secondary peak was observed in (K,Bij;)3Ba;;3TiOs that
is synthesized by equation (1). This secondary peak is
enhanced in the same composition that was synthesized by

equation (3).

«1/25 iM)Z/JBaMST 03 eq. @)

W
K 1B iirsBaisT 0geq. (1)

40 50 60 70 80

90

Fig. 4. XRD measurements of synthesized powders.

The secondary peak is exists around 30 degree. This
secondary peak was identified as Bi;Ti;O1,. In the synthesis
method of equation (3), simple oxide of TiO, is used and
simultaneously Bi,O; exists. Therefore, it is thought that
the existence of additional TiO, enhances the secondary

phase of Bi;Ti;Op, in this synthesis. In the reaction
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equation (3), BaO and TiO, exists in starting materials.
BaO and TiO, is a raw materials of perovskite BaTiOs.
Because this BaTiO; is not high aspect ratio powder, it is

explained that the obtained solid solution reduced its aspect

Fig. 5. Microstructure of  sheet specimen.
(K1/2Bi1/2)2/3Bal/3TiO3, (b) (K1/2Bil/2)1/2Bal/2TiO3
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Fig. 6. Comparison of XRD profiles of (200) and (002) in crushed

powder and sheet specimen. (a) (K1/2Bil/2)2/3Bal/3TiO3, (b)
(K1/2Bi1/2)1/2Bal/2TiO3
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Microstructure of the sheet specimens are shown in fig.

5. (a) and (b) corresponding to (K;,Bij;),3Ba;3TiO; and

(Ky,Biy2)1,Ba; 2, TiO3, respectively. In each specimen
orientation of the powder is observed. The orientation of

the powder is horizontal to the surface. XRD peaks of

perovskite (200) and (002) surface were measured intensely.

The measured specimens were crushed powder and
oriented powder. The thickness of the sheet specimens are
about 50 um and it is quite thinner than that of crushed
powder. The thickness of the crushed powder specimen is
about 0.5 mm. Therefore, the (200) peaks of sheet
specimens are lower and broader than that of the crushed
powders. In fig. 6, slight peak shits were also measured.
However, this reason has not been understood and it
requires further discussion. The peaks of (002) plane of the
sheet specimens are enhanced compared with the crushed
specimens as is shown in fig. 6. This means that the (002)
plane of the powder is horizontal to the measured surface.
Therefore, it is explained that the c-axis of perovskite unite

cell is likely to be perpendicular to the powder axis.

4. Conclusion

High aspect ratio powders of (K;;,Bi;;) Ba;TiO;,
x=1/3 and 1/2, were synthesized making use of fibrous K,O
‘nTiO, family as template materials. The high aspect ratio
powder about 10 was obtained when the starting materials
are K,0-nTiO, Bi203 and BaO, whereas the aspect ratio
decreased and a large amount of secondary phase are

accompanied when simple TiO, was added as a starting
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material. The obtained high aspect ratio powders were
identified as tetragonal perovskite by XRD and a small

amount of secondary phase were detected in

(K2Biy)23Ba;3TiO3. Furthermore, comparing with (200)
and (002) XRD peaks in crushed powder and oriented
powder, it is found that the c-axis of the obtained two solid

solutions are likely to be perpendicular to the powder axis.
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