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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 bons 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 ERAXKRIRS

LEBRA-PXR Radiographic Study
- Quantitative Radiography -

ELE: 7 KeVv
ET: 13 KeV

AT XREBED
ho5—<vTRT

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

-

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

FEZ1mm®)
BEOHEX

IFAVE
&
KFIEM

BRI
RAEhTLS

HX LEBRA-PXR
EOMBAVRSAR A A=Y

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

48
VA
(Peak)

10

Titanosaurs Egg Shell '\n—/

12



Section of
Titanosaurs Egg
Shell
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LEBRA-PXR radiograms of the Titanosaurus egg

shell sections.
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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
right ends of the arrows. 14
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Wy« MOEHGHZ BEE & LTI 21T > TE 72,
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BB Lgv, Zhizxt L, fifis 7 F o
AR P W e A 3 e SR RE A TR AL E W A oD
#1000 £5 DIKEE &3 5 7280  NARTE A & Bt &
TR AR ARG AR A B A B C b Bl e =
N7 A MBEELND D, AR #IE X ARICHKTT 28
BOBHIBITR n=1-6-if DSITHKT DM, ZOfE
Tl ONFRTITEH IS, WD THUNTH
H. ZHNEBHT A7 OIITE AT Tl OHi - 72
Ta—TPBETHD, ZOX D RBEE LA
VETARNEERTLHEOIIEII I vy A —
OIEIR FRARRITILAER) 8 10m iz L5
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KIF LI AR OB AR S D, AL, HIC
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MR X BREHTIEIC & D@ EER MRS ERNDITICE X 5
TEA MY Y I REDA T b

KEE @', FAIRER?
1 RS R SE T
2 AR A 7 B 7

%2E

ISR OFERIE OBV, R OWER - (LFRIIRZEM & R TEERAMECTR i B D K 5 ([ 3E
TR RAIRE PRI L 52 TVWDH Z ENH LN TWD, —F, FFICHRITFERZ%ED TS Process Analysis
Technology 1%, SEEEDEIKORIET 1 & ZTBIT 2 BWIEB-CHEBIIA N L AR I E DL BEBES:
Ol EE I TBRAMERICEIIIL, "HAREOE#BZMEIT 52 L4 BME LTS, BUE BRX
HREIHT(XRPD)C & D i LM 23, &b STV D 2, MARKLFE MO S, £ OREE L
LRV R R, AT, BERERSBIC OV EINESE Y ZER L, XRPD IZX W RIE LT
—ZIZBE LT, Y 7 MEPD, ZHBRERR A ORIMIC X 2B E2 2 T RO EE T L OREEA KA
FHTETHLZTEAN) v 7 AEZERT D Z 2Rk A7z, MEMROIERILZ, Principal component
regression (PCR), Partial least squares (PLS)72 & O FHIFEL X MREIHITOMATITIEH T 5 2 & TRt
FHETVAREL, MMEIEEABO TR 25 L7z,

[F&=]

EHMIZIL, HREEDORRDZENL AFIE L., Hx RBMLFPRIRIEICE b E 52 5 2 &b
TUWND, BRICHEER MR O VSR M ORI 208 L CRIFI DAL T _A T80 T ¢ [ EEE#ET 5 -
B, WAIONE RS 5 L TERERMBEO > TH D, EE, ERLORE T 0t A TITb S it
b, Bk, ki, Wi, REEe & OBME IO R N L A X D REEDOEIC X BB B G0
B, EN 6 OEERESCT v NOERIZE D WEORF SN RAOMIEEL T 5 Z Enmb TV 5,
ORI REHRLOBERREO 0 AN F— g & LT A2 EBACEEET2 HiEE LT,
FyoR X #REdr, BVEHIE, FT-Raman, FT-NIRV7p K2 L A& LEORIENRE S TW5, AEl, HE
DITAEMZIE DR ME STV A HUREMEI L ~EB Y (CBZ), WMiBEIHT A7 14U v (TH) #E7T /ML
A e LT, #idZ ORI ZRAELTH DR X BREHTEEOFEEC DWW TRE L. Foh
FEHTTF —2 %6 LIC LIERP LMESN TVWA E— 7 & 81k, B — 7 HmRES Wakelin’s 1 & . (L5231
BEAVEa— X IV SEEEMITTHTIEE L CGEFER SN TS 7ZEA M) v 7 AEEFIH LELE
EtLiz, 7 EA MY v 7 REE L TEMRDEURSIITE (PCR) ZHWEEMFTET VAR L, ik
A ELZiM LT, &2 FIETHEONI-REROMEBIREL. 95% THRIFRA., 95%IERRMR. FKE, A
T AT O T HEESRE L 7=,

(5]

1. HBoF ik
TH iK% 95CORSBKD L HASS L, 567k

MmaWB AL, £ D% 89%RH DOF 2 —4F HT NI :
FWIZTHBE L TH1 Kf® (THM) %, 100 CT . **gg?p;dtttwwl'
3 WRpfHIEZERCE L, HOKY (THA) 2T Thaifd

L 72, RIZ THM & A #28 0-100% & 72 % & 5 |2 THM

& THA ZWBERUICiRG L, flix OREMEYE % 78

100

Predicted monohydrate contents (%)

L7, 7

CBZ form 11%, #HEIZHE- T XRPD B L UDSC 2 o Y=1.000X-2.248¢-6
K0 R UEBRRE L L7, CBZForm Il %, Form — 0T

1% 50 %-T 5 — LK PG o C B i & B 72121208 w0 e e owmmm
JESEMRA ATV, #3547~ CBZ dihydrate % 115 °C T 3 Acutual monohydeat contents (%)

Fig .1 Correlation Curve by Peak Height Method



I #748 & 1 7= YIS CBZ Form IT1 78 0-100 % (W/iw) & 725 L 9 IC VOB KR F RS Uiz, Fix OIRA
RE I VK 2B LOREI R TAICB T A IMEOFET 458 0 IZHREH 2T L7z,

2. B3R X #REITHE

R X #Edr 7 v 7 7 A LlE, RINT-Ultima (RIGAKU)Z VY (FJR1C CuK a ft & FHV Y, 30kv-14mA., A
¥ v A — R 1deg/min, JIEFIHTA 5-40 deg D) H T AR~ OFEEME Z# /I L, AR X ##

[l 245 % 5 [ SRE L7,

3. BERRDOIER

MR ERRE © B — 7 @ &E, U7 BREIC XD S50 ESRITH R X RETHE SR SR

— 7 DI B 11.6,14.7,272° O —7EEDE S B LI OEBOAF %2 HWIER LT,
Wakelin ¥ @ 2EIHT E°— 2 O “RIEHFAL 24TV Wakelin 1 212 >WT b a2 1T - 72,

X,=Y(0)/X(0) (1)
X(0)=L, (0)Is, (8)+ + - (2)
Y(0)=1 (05, (6)+ + + (3)
Is . **( 0 ): Secondary normalization of diffraction
intensity on THA
Is 4 " ( 0 ): Secondary normalization of diffraction
intensity on THM
IC**( 6 ): Secondary normalization of diffraction intensity
on mixture with THM and THA
X 41 Crystallinity of THM
F Ry R ST E (PCR) « = R4y [B1R 49 Hr ik
(PCR) |Z X % K fEfRiL Pirouette > 7 b & FHu>, LA

ToMmE#EEL, 2 Ea—XICFHREIEER LT,

X:t1p71+t2p’+. .+E=TP+E - -
X : Spectral data matrix

" (4)

T : Score matrix

P’ : Loading matrix E : Residual matrix
FEELONEHRERNO AL T ABLOEE V%

L7z,

PLS FRIEIC KV ERIL 72X v U 7 b —va VBT

U, FEBARE( 1), 3 T ABm)E L OFEE(Am)
ZHEH UmfEE & T 2 Z LI RV E LT,

[#E 5K 0552

1. TH#EZTE O E &L i

By ok XM PrRIEEE AWV fEx O FEEEICLD
TR & FERIME O BAMRERE & Fig. 1-Fig. 4 IR L7z,
IR L PHIE & EREOBRIT, HE 1, 8]
R0 DERIZRDITTTH LN, BONT-ERER
EET., BEmEEoTNECLEL OO, ZIEZh
WCHEDFER &L 72 o 7=, LA L Wakelin £ TiE, 55
NT-BREROYI N 73-6207 & RELI DTN TV D
Z L X 0K E R E NS D Em s BT,
—J7, FHBIfRELZ s~ 5 & | Wakelin % & PCR
ETIE, E—7 B SERO - HEEL Y bEE
WCEWMEZ R LTz, 2T, KIosaEOZ N
REOEBMEOREE, F70b bk OEHRRE & O
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nNo, £, XA T AR VEEOHHEZ R LTz
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Table.5 £ V. HHEIMH:D B TH - 7= mitED H LTI E

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

5 Peak height -52.31 62.64
LTWAZ tickarEtEZONT,

N N Peak area 12.60 31.79
PLEDORERNN S, FEfb RN X A RELE 25 Wakeli 13.56 15.33
R X BETRET — 5. k0 ERICESRSZH 0 arerm ‘ :
by v ) > —HARZIE PCR 3.201 8.689

BHBRZERMISGHET 2 FEE LT, FEAN) v
7 AEL BEEHERIRHI OB S R B EEEO R
ERGETHDL LALLM LRS-,

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

2. CBZ %% D ERG LK
%Xxﬁ@ﬁ@mﬁ%mwtauwxmmﬁ T R
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,_& 7a %ﬁé%(ﬂf&) z) P— 4 ﬁ*ﬁ(ﬂ(l J: D %:Hj 804 --- - 95 % Prediction intervals v

ST & ERMEOBIR D S REFR L, = 0.8486,

Bm=75.12%, Am=7540%T® Y, EMREOKVRE

ETNE RSN, —Ti, TRHDT—Z x5 PLS ElRE

60

(]
P

Predicted CBZ form 111 contents (%)
-
=

(2 &0 KT ST T HIME & SERE OB G, BT v =0.97249x + 1 1404
IINEDRREET M RIS T B L L=, MESHh 0; cu
TWARWHEXORBILVEHLERETT VX, & = 20 . : : : ‘ :

=20 0 20 40 60 B 100 120

0.9799, Bm=-248%, Am=10.05%TH>7, Actual CBZ form 111 contents (%)

—07, MESHTHLHIE4 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)

bhotr. MHEMEREAE BT 2 &, K330 5 Quantitative method mean bias (%) mean accuracy (%)

Moty THT-OFREEND PLS I — 7 HMEEL VA Peak area method 75.12 75.40
BARMEET L, AL, AFESHIFEOTEICES  PLSmethod(ow)  -1878 9.442
LTWAEDTHAD, PLS method (mixed)  -1.094 9381

LEORR LY, WSRO EBIC LY e T T =2 oS oA &a ERNIC
i 2 FEE LT, PLSIEN, *ﬁg%Tﬂ/ﬂEﬁ}Z HRNRFETHDL 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—— R EHMIED BMPs B8 & AIRIKICE 2 D%

TWHIROLE] !, BAREL L, DB, WEET Y, S, SAREA Y, ik
1 HARREH S RS IE R 20, 2 AL EEE (T 101-8310 HUATER T I X A4 FH BRI 5 1-8-13)
3 HARKRF G - C T R AR FE R Y, 4 BERRTEREEFY(T 101-8310 HURAR T-(X 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
RS G R - rWeL, MR D I i b 8% B 2 T
W5HEE 25TV 5 Bone Morphogenetic Protein
(BMP)X>B TR B3 D8R B K 72 F B L, IR
L —H—HBEE LV —%— (FEL)MRSHC X DE 3
FRE ~DFEEZ DUV TRRFTL 72,

[BrktE 715

~ U AL EERIEE (MC3T3-E1) % 10 cm 7 (Y
2| ZIEREL, a7V NI S TR RT, Ga-Al-As
PR — W — (5 830nm, kA T pE ks ST R)
Z S 280 mm ONZENHERR 120 mm O HFHIZ U
SINDIDTHEEL, 50%, 2Hz (0.25 FVERE, 0.25 FHIE
TR D ST 10 43(1.91 Jem?) I L1, 3, 6, 9, 12, 24
F LUV 48 P2 ICHIfR A [EIX L, mRNA BL O X
JEHMH Uz, BIARY X EThDH BMPs BLOVE
SR O 43R0 T B B E T AR B R Th D
Runx2, Osterix, DIx5 3L Msx2 DEEFHBLUZ,
real-time RT PCR {EI2X-> T, BMPs #2733 8lX
Western blot VEIZ& > TI~7z, 72, K& #KIZ BMPs
@ antagonist T noggin ML, D 1 FEfH#ZIC
R IV —HF—Z[FSMT 10 7L, 24 BefE#&I
A IS JONEE ByE 2RI LT, [FU U 7o Mifu o5
/375 mRNA ZfiHL, BMP O3 7 /UREN T Th
% Smadl DY FALR, B TR fieh B 2205 5K 1
TH5 Runx2 OB DWW THHIZTTo72, I5IZ, [H]
U752 E3E% T MC3T3-El % 14 HEIRGEL,
Ca E&EFXY 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

HzQQ0[ ) X 2/F)) TH = R F — &N 5 7 (0254
Vem®) D4k TS L, 6 B # (<Ml & (Al L,
mRNA fili (1T, BMP-2 D%l % real-time RT PCR
HEIZES TR,

(5 2R]

KL ——BREHC L~ T, BMP-2, 4 D51
FEHIL 6 FREE#0°5, BMP-6, 7 D& {5 - BT 9 FEfH]
B EICHINLZ (Fig.1), F£72,BMP-2, 4, 65
FONT DH L HEBIT 12 K% DA BITHL, 48
HE#2 I — 27 23887, Runx2, Osterix, DIx5 :L N
Msx2 O FHBUL, 12 BELO 24 FEEZICEEIC
L 7e (Fig.2), Fiz, KH L — —BREHIZ LD
U7z Runx2 O a1 ELEIB IO Smadl OV (L
1%, noggin WSHINZE~T control L~ULE TR LT
(Fig.3), EHIZIEH AL —HF —%[FS4C MC3T3-El
(2 10 Sy HESTT%, 48 BRfEFREL72h538 BiEZ2 VT
MC3T3-El % 14 Hf558 5L, control I[ZHb-~THIK
(LT R DN (2 HE AL, noggin FRANIZE - T control
LAULE TR LTS (Figd),

F7-, FEL H4t 6 FEfI % BMP-2 5123 control |2
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Fig. 1 Schematic diagram of free electron laser induced
forward transfer (FELIFT) method.
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Fig.2 Namac temperature dependence of dynamic hardness
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Fig.4 Namac temperature dependence of adhesion strength
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Toll-like receptor 3 (TLR3) % 41 L 7= human B-defensin 2(hBD-2)DEA

BP0

1. HARZHEZE, WERHE (T101-8310 HUATER T M X 48 BRI &

1-8-13)

2. HARRZERFZFRERFEFZER (T 102-0073 FACE TR H X ILEAL 4-2-1 T R IRZE /L 6 ()

Frim

TLR 77 X U —i3fiflaE B @il o % X7 ETh
D IR A L A DRy T 70 ERf & Te by TR
AT AL Y=L LTE X AEERBEICB
Thipsh CEEREE Z R LT\ D, TLR3 [ TLR 7
FIV—IZBL., YA NLABEOREN TH D
double strand RNA (dsRNA)Z78#% 35 Z &£ 258 &

725 TW5h, TLR3 1TF72, b MEE EEMARIZT

FEINTEY, BEIRIT D ERONEF VR E
BMLTWEboEEZLND,

—77 human B-defensin-2 (hBD-2)iZF5A A4 > HDVAT
AVBRBEICE T F FTEL 0 LEGMIc 8 E8 S
U, HIERO T A L 2 DR & BT 5 = & 35 b i
W5,

bt N ORGEHROEEFEMIETH D HT-29 1T
T dsRNA HIB A KRGy CEE @& %23 2
polymeric immunoglobulin receptor (pIgR)D3&El %
YD ENRINTND, F2 HT29 12BN T
hBD-2 DFBLBGRD LTV D, TS OFERITHE
D& AR 2 1T HT-29 il dsRNA T ORI

hBD-2 OEAZBIZEZTHENITONTHE L
776
FER

AMFFEORE R, dsSRNA ZAE S5 Z &Ik e b
5 R C & 2 HT-29 M2 35\ C hBD-2 D E
ENEREND Z AR L7 (K1), hBD-2 O
¥ B [ )
lipopolysaccharide (Z J > TH iR S N7z, F 2Rk
ORIPET TLR3 BIROFRBNEIRIND Z & & iR
U723, ZO%hEIT dsRNA IO S (K
2), Small inhibitory RNA (siRNA)% i\ C TLR3 %
knockdown X2 &, dsRNA Hli4iZ & % hBD-2 P&
AT Uiz, £72 TLR3 I2x4 5 siRNA O
transfection {X TLR4 DI I LN dsRNA HIELIC X

Salmonella  minnesota

% hBD-1 OPEAIITEZ RKIE S 2o T2l
TLR3 FrRALFEBMGEI T D Z L3R SN,

ZDOZ & dsRNA FIIFEAY TLR3 R M

IBEE SN D ERH SN/ 572, S HIZ TLR3 O
7} )L transcription factor T % NF-kB 12 L -
TEEINTVD Z ERHRE SN TND, KER
THERS S 417 dsRNA OAEM 7S NF-kB KAFHED & D
ThDHNENEHERT D HET NF-«xB BRLEH A 1E
M &8 & D dsRNA ORIFLNRIZHOWTHRE L
72 & OFER HT-29 HiIZ 51 5 hBD-2 O pEA L
NF-xB [HEHITH S TPDC 12 & - TUHIFEARIZIH
EI NIz, F7- luciferase SEFRIC LY dsRNA FIIFE 4
@ luciferase {EMEEBITE L7 & Z A, dsRNA FEH
luciferase 1EMEA K 1.5 55892 2 & 23VHIB L7,
PLEDFEFR D TLR3 O R T NF-xB OiEPE(L A
B LTWDZERHLNE ST,

dsRNA

B2 dsRNAFIMIZTLRIDELE LML



No transfection siRNA control

stimulation ¢ (+) *+) +)

hBD-2

hBD-1

TLR3

TLR4

B-actin

38 TLR3IZ %t 9" % siRNA O transfection [

TLRIDEREETSHE., TDHKRASRNAIZES

hBD-2D EBRFHRMREE TS,
B
hBD-2 [ ZHIE R 7 A L2 DRGSR L TR
<A T IV EFEX DN TS, b MEE BRI
BWTH dsRNA FIIC L 0 B BB IR S
Teo 2OZEIFHEICBT DU A NV AREGI LT
BRANTHERET D FIREME 2 R T 5 b D ThH o7,
%72 dsRNA [T VA LV ARGEORIEM THY . Zh
(2% LTS HT-29 ARG L7 2 &3 B
MR DY T A L ARG U CIHER ICidiZe € L T
WO TR RIE T HDRENZF>TnDH I L&
RTHLDTHole, SHBITANLTHITERL
recombinant hBD-2 23SEEED 7 A /L AJEG K LT
PHIEICHERE T 2 2BV TIRFT L TV & 7o
WEEZTWD, - AEREE ERIZH 1T 2 hBD-2
DOFBHRH O T Y | hBD-2 OB RN R 4 i
BB OBR TR S TH SR L —F—
DI FHEICBISHATRER b D LB X BT,
SCHR
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BMEBRRLZICH LI ABRET L —F— DAY FERR R OKGE

R

L— P — DRI ICEE L TiE, SME7e Sk
%9 D ANETRIRERN B e E DIE >, BIFRICHTT 5
HRETRIRI ENRESNTBY, L—P—1RED
HHRAEDPHERIN TS HDOD, ZDOAH= XKD
WL, RIS STV, & < ICBIfi%
DRIEIMHNBE T2 L—V —FRFOMEIL, FERIAHE
OHENATL TR . ZORBMIBRFHIILT L+
IR L BRSBTS B BRSOV T H iRz
FHAONWEHDITIFEA EHRLNR, AWFETIE, B
HEf L — =R OEWFRINRIZONTT v b &
FHWZ in vivo FEBRAZICH L CIHET 52 L2 B
L L. Type 2 collagen D7 — AKX —4 2 X 5 RS
i 2 y~FOREET NV EER L CHHRE - L—
— (LUF., FEL) BRSFZATVN, FEL BREHC X 2 Sl
BHFAZ DV TRF EAT o 72,

MEES X OVHE

1) FEBAE

HERENMIL, £ 5 BED Lewis (LA R) RHENE
(SPF) (HATF ¥ —A XV A—rlizih) 2,
fAHEITEIR 24+1°C, B 55+5%, 12 B2 & D
Wt A 7 VOB T T, fEEME () =0 2 UEERE T
) BIOWIA A7k % B HEBIEH 14 AR THEAE
Lict., ZHzdERicft L,

HURIZIX Y > A collagen (collagen from bovine
tracheal cartilage) 3 & O Adjuvant Peptide
(Muramyl Peptide) % & ?¢ Freund s Adjuvant
Incomplete (Difco Lab) DT~ /)L g & HW -,
2) SR

7 WD Lewis RMEET ~ MIHIEEEL LT, i
JFTHDHU N collagen (0.8mg) 30N Adjuvant
Peptide (0. 2mg) %7 Freund’ s Adjuvant Incomplete
DTV a i, B1IEYE7=0 Iml % 0. Iml 9 10
i AT T TSN L, PIEEED 7 B
KO AIZRl=~ Y a &R L 0 0. Il FZN
P55 U TR ZRIESE- (X 1),

FEL FRS#EE T B A KSR Fe T i -8R
WFFERiRX R E STV D b DA L7z (X 2), FEL
MBS OSE & LTI, 1, 750 nm Dz T 5~6]/pulsede
Thv, 500 S Z1T o7, MIRH T L X —5%

T RHR A I e (T 271-8587 A7 HisET G 2-870-1)
M)y - SKE A e (T 271-8587 R i BT 75 2-870-1)

FEIL5~6 J/cm® Th-o7z,

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
BAE+HFEL FRINTE S U7z, SEBRMIR 3@ o— ek
REAfHBIEE L, A 2 [BARENE & 1 e ETT -
oo PAEIROWIRAIFTRICBEIL T, B/ 1 | $¥2%
FW TSRS ZOBBEiOE S I L v EHE L7,

Fo, BHOT v NOMEE AW THRIENEY A N
A ThHD I 1BBLINIL6 OFEE%, ELISA-kit
T 75,

1. collagen JE&{EM% O & NER

[X| 2. FEL FRSFERE

(RS
1) KD U—Y =S X D PtEIR RO T
%28 (collagen JEAFERE) . collagen HEFERTOD%



D e Z5F8 3. 08=+0. 13mm 7> IR IEAE (BEFEf% 14
HE) 12XV 5.30+0.99mm (ZJEE L, #fE# 28 H H
FCHRICIEIR L, 28 H B OMEIREIX 117. 5% TH -
7oo %5 3 B (collagen EIERE+HFEL FRETRE) 1%, BEfE
AT D B 25 3. 00. 39mm (2 LT, #4fE1% 28 H
H1Z1%5.33+0. 19nm T 126. 7% DIERRZ R L=, §E
BEHI=RIE, 3 BRCRB W CHERE% 3 HH T5.9%, 7
HHTI18.4%. 9 HAT22.2%, 12 HAT21.4%%
w~L7E (M3, 4, 5),

FELRR SRR
l FELESHET

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

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

0 10 20 30 40 50

KEBRHME (/)

3. RHEIRDE S

FELERSTBIA FE"-?%*@T

—— EHEH
—=— Collagen
—4— Collagen + FEL

Swelling Index (%)
@
38

0 10 20 30 40 50

KERER (R)

4. JEHERR

FERRHNS 2

5 L ’—T

0

38#% 78#% 9B
FELERSTRAIE A D D HAR

128%#%

X 5. FEL FEEHZ I 2 JERRIH| =R

2) IMIEFRORIEMEY A NI A ARE

BRI Y U~ F OFIEITIT, Fx DY A M hA v
DERT D E Vb TEY . 205 LORIEMEYA
HA L THDIL-1 BBLOIL-6 1B LT, FEL W&
12 HHOMEFREZHE L& Z A, IL-18, IL-6
L HIZFEL B2 Z Lok, EARNBD 4 D
MARD BN (K6, 7),

200

! |
|

125

100
75 | l

50 |

IL-18 (pg/ml)

H

25

EEE Collagen Collagen + FEL

[X16. FEL FR& 12 HE 0 IL-1 B EE

450
400
350 T
= 300 [ J- T
£
E 250 | J_
:Ié 200
)
= 150 [
100
50 ’_[_‘
0
EER Collagen Collagen + FEL
¥ 7. FEL M85 12 A0 IL-6 Ja
B

L—W—BRE OPIIEN RO T, BERRHED
PEAER L OAMERDOERREIMERE S D &) HiE=e,
HRER L — W —% U U~ FHERIC IG5 & SET Ok
b & FRRAT/ NI D PN BRI D RZRA Lo A e~
D7 47V kA, INIE OB AR LD
WEND D, Eiz, B U~ FEE ORI
LB ZITV, ORI, Hlan
TOHE ARSI~ D53 Wil 3 K OVEFH
fa~DHA R aA N L 5 b D & DHE D &
Do AlROERFESR L V| FEL BREHZ X - Tk fE
ARSI L7 2 & BIRIEIR N S o b0 L5
bbb, FL T, MY ORIEMETA NI A 23
THHEATHST=Z &b, TNHDHA NA %
PEAET D VR MEHIfE, B 2RIk L C FEL RS 2MAT &
POERZRIEL TS EEZX NS, Tk, FEL
I ORI ~DOEHEEN L ZEZH L L TE D0, 18
PEBIER U 7~ FRE O[OS I~ L —F—MHT 5
& FORMUDOBIEI D IIE HIIH S D & ) R, K
A L—F =Rz L0 | B Y v~ FBEOMm
TEHOGEEAR, 166 BLOY 7~F RO A
BIAHREORENSEZD L, WM RET ~DE
RAomEEL DD EEZBND,

PLbkDZ & X0 FEL BEHIFRIWER O FER TR
RPIRIENI AR L 5 DIRRIECH D Z ENRIES
iz,
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PREEY / DBHAIC N X 2 SC RS E M 2RI R O Fr i
“J U FIRREED S LT

el AN, BT OB
AARREZR P T A0S - 5+l
(T271-8587 TIERANFT THRATYE 2-870-1)

F

BEHEi Y 7~ (Rheumatoid Arthritis) X, B
RIS ENEICT RO 2= L, BIfEER O R
HIEIZ £ 2 /3 X ADTRUTHE 5 BEi O ZE A E L
DIIEMEH CERBATH DY, WMLV 2 =
PR L. LI Ui, Dfig, Wi, FAE. BN & w
STEEHEIRICBEEN LS ENm LTV D,
BUE, SERRIBHEEITR L, i) v~F I (GuEm
HIAD) OBH RO, W/ AETEUEZ & R kN
FHRTHDH, LaL., BEOHEETR D OMFIT.
BE D SAETRICHEIE TE 5 2 LI X B EHAETR
MO ORI CTE LD, RIEREM/
PIRREZ B E LA T a4 RRDOIEMEENZL
<HRENTWD, LLans, BEMicbhiz 23y

Feh i3 BEFEAOKE & Y ORI/ RIS 25

BUEM e CBEHIR~ORERAMIIR D EE XD
nd, #toT, kb5 oM/ EoRAD, TEE
P 5AE U TEIEREM T X 5 X 9 A LUWIGIREE
DORENMILEEN TS,

L——BAHIAME, SR MBS IR R
b DLW TLR, RIE, KIS xHT 2 MHfE
FANRGEA STV, LinLAans, —FT, b
— RN e RS 2 <. L—F—BE D
R LE e T T B RIRDBRENETIE X
L— P — IR LR S AN R T SRR A FE i S T
HNEOHST2FRIFETNERIN TS L) ER
bbb, Elo. EWFHIZIFITHR D IRE EFSHR
ICEDHDTHAHH LT EmC L —F—RE DR
ERIZ W TRt S TnRantnH L &
%o Fim, L—H—HEDEWNIC X DAY IR R
WZOWTHERPLRENLZ N, 2L I RERNS L
— W — BRI O AW RO E R ORI AT
A+ ThH Y, BB ERISHAPFES L TND
T, L—Y—EREE2 SO CHiE, BREEL20D
i, BRAEOEW L — R O#E, BEEE
BAF D &3k, EFENIE & R F 0 iR
LTWERD DL EEbNs,

AAFZECIE, BAET Y 7~ F OB IR RERE O 1S
BREHANT, RIEETT L TOL—P—MRBEHNZ LD
B FRAEET o 774 ) 7 L, EMEFRIR
RO &2 3 A 7,

s R
MH7AIZ %3 B IL-18 D VE K

BAHN Y o~ 7 B I B H v AN B 2 SV40 T
antigen!Z 1 o THRAL L 7-MH7AHIRY (BRRF N 2 X
DHEAN) 1%, RPMI1640E538 R (10% 2FMR i ifys) 12

T80% confluentdIKRE THEMR T L7z, JEI 3R
I% SuperLizer™ (HA2200, B alEMEASH) % H
W, B1ISRT X 9 123.8 Jem?lZ /e % K HI2CO2
incubatorN CHRH 21T - 7=,

B1. SuperLizer™o & & Hi i1 B8 &
I3

A B

s

"

T

Redalbhne inara iy [

=

N1 A IO 1D L TARD LAGS

Wares lengt inm

IL-1B1EF 2 BE[E# O MHTAHMIIE 2> 5 22RNA %
L, {5 -3 BLA ) & Affimetrix HG8,500 Focus
Array GeneChipZ W TiT o7z, IL-1BIZ K> T 2 £
DL ESE B K U 7238 s 11574 genes. 2 fi5 DL 58 Bk
DU T 85T 1% 46 genes Toh - 72, 1L-8, CXCL-1, -2
Lo 72CXCL typeD 7 & H A 22, IL-6, IL-1p D%
JEMEY A N A > LIMK7: ¥ Ofila D FREIC B b
% i {5 1 BE . BirC3, TNFAIP3 X°FOSL2 72 £ @
apoptosis B # AR FHEIC BB OE® RO S 7

(F1D,

£l IL-IBIC L > TRBEALEHT I ELEET

Gene Protein function Fold
IL8 interleukin 8 20.2
LIMK1 [LIM domain kinase 1 14.5
FGF13 [fibroblast growth factor 13 9.7
[PTGER4 [prostaglandin E receptor 4 6.7
(subtype EP4)
[AFAP  [actin filament associated protein 4.8
BIRC3 [baculoviral IAP repeat-containing 3 4.8
CXCL1 [chemokine (C-X-C motif) ligand 1 4.1
CXCL2 |chemokine (C-X-C motif) ligand 2 4.0
INFKBIA [nuclear factor of kappa light polypeptide] 3.3
gene enhancer in B-cells inhibitor, alpha
FOSL2 [FOS like antigen 2 0.4

Ingeuity Pathway Analysis (IPA)Y 7 MMEHTIZ &
0. FEHEEES Fnetwork MRt L7-fE R, NF-xB
T FNRICED A BIE T REOBEBLEE A IL-1B
WA= 27U HERT 22 LIk >oTHRL,
IL-8, IL-672 &EDRIEVES A b U A » DREAI KA
HETLZENHEES N (M2),



X2, IL-1BDA— 27 Y U EMAIC X B
RIEMY A DI AV BEFORRALH

- THE-fx -
y ~ ™
L
v ]
Plasma membrane [, o R IL-t8,
AAS, -

5056RHZ, 1 gpiag

\\ / [hREAS, KAAS] b I
\ / s
\ / & sor
T o (ETaTT
IMAE X T) l __-i
MK I —
(MAEIKLL) (sr;.ug ]
Cytoplasm P
AP I, MAPZK 2]
[t . IBKE, IHBKG) L ! G@
H AV
v l \f
gs‘_mmm MEKBE) 1‘
NFaf
{ 1, MERB2) EQK@
® (M) o

STATY

Mucleus

V—HF—RENC X D REMHI R

SuperLizer™ ML, RIEMED A k7 A 1L-1B,
IL-6DE LTI, 7 EH A 1IL-8, CXCL-1, -2.
PGE2% 1A (PTGER4) D &I H A4 L 7= (&
2), AT A RRPIRIEIRKT Y A0 Lk L
i R A2 A b TH#R2TR LTz, PTGER4, CXCL172
OB R, TF AT AR TL—H
— RS L0 SR R AR LT,

K2 V—F—ofHHHE

IName IL-1PB IL-18 IL-1B
None + Dex + SL
1.8 20.2 5.6 7.6
LIMK 1 14.5 10.5 7.4
FGF13 9.7 7.5 7.1
PTGER4 6.7 55 1.7
IBIRC3 4.8 2.7 1.9
CXCL1 4.1 32 1.8
CXCL2 4.0 2.5 3.1
SERPINAL1 34 2.9 1.9
INFKBIA 3.3 6.2 3.5
IL1B 2.6 1.4 1.5
L6 2.7 1.0 2.2
TNFAIP3 2.4 2.5 2.6
[FOSL2 0.4 0.9 0.8

AL, IL-1BFEEH AR A KPR & L 72 R BLE DT TR
LT®H2 (Genechipfii )

IL-1BIC L » Tl bM< HELFHE SN HIL-8D
FEAEMRI IR A AT o A4 RRPIRIERT $H 24>
VLR LR R A B3I R LT, IL-1p & MR 1
HEED LRI — —MRE L, RS 3% O
BRI P OIL-8FEA R AELISAIC L 0 llE L7z, X3
WRT X912, 38 Vem2D L—HF—RBEIc LY, F

FH AV LA ICIL-SFEA A I L7729, = OfE
Aix, K4lormT L2118, V—F—0RKFNEIZKFL
TEHENE K LT,

X3. IL-87E A4 #1HI2h £ D g

000

000

000

00 +

00 -

00

L %% %%
0 - L L ]
None SL Dex

MH7AMIRL O FEA T HIL-8 K NL-61%., IL-1BHIBL#% D553
TP OBEZELISAIZ L » THIE L=,

IL-8 production (pg/10-4 cells)

X 4.
SuperLizer™R it £1Z X 5 IL-SEEA HHIZH R D E

W 140

=)
8

®
8

@
3

2
3

~
3

IL-8 (pg/100000cell

o

Z £

IL-1BIC & » T 2 f5Lh BIcE S 28 s 113,
up-regurated (74 genes), down-regulated (46 genes) T&H
o7z, IL-1pHINKIZ & W MHTAHIFE DIL-8, CXCL-1, -2
L5 72CXCL typeD 7 E 7 A =0, IL-6, IL-1pD %
JEMEY A S A OB TFHRIAPERL TND L
%72, TNFAIP3°BIRC 3 3 EHIE KL 71/ 7 A&
NI MBESED > A7 L (apoptosis) 23l S AL, —
J7 CFGF7g & O¥FEN R BLAHE KT 2 2 L AR
BN Enn, NUXADERE VS T-BEY ¥
~ TR OV IEH R 0 5L P TE 73 BA i RIE D FEIE &
EHIERE L THEND DO FTH D Z LR
e X 7=, IPAIC X D Pathway fiEATIC L 0 | FRELAHE)
H{n Tnetwork Z fiat L 72 #EH, NF-kBY 7 LRk
X Wrapoptosis + 7 F /L RICE D 2 BAR FHED FEBLZ
#As, IL-1BHIIIMIC K D RIEFIE, MfZRE DL AL,
apoptosis/proliferation D 28 8 |Z B B 7o el & 7= L
TWDZEBRHEE ST,

I 5T, IL-1BDIEAIC L - TMHTAMAR L, A
— 7V VICIL-1BEIE R L LAY, 2o &
MIL-8, CXCL-1, 272 EDrEh A VFEAZRK L,
RIEDOF/ b Z Bl SR ZFTEREEZZ N5, K



SICIL-1BOERBE T2 £ LT,

X5 MH7AFMBIRIC BT B IL-18% &
IL-1p

M|

ILIR  jL6R

f v’U;Q\
Gene expression (Up)
IL-8 L8

IL-6 = IL6

ClAP
K‘:‘B FGF13
ILp LB | | Az
< :

s
GrowthT

SuperLizer™ MU X, SIEMEY A F A VIL-1
DFETFRBZIE Lz, X512, IL-6DB 1%
HAEMHE L, 7T HA IL-8, CXCl-1, 20 %2
WLz b, Uy~ FEEORBEMNSEES
HRIEVER T OFEAZIEIT 5 Z LR S 4, B
VU< FORERBEFNCEZ TH D & bbb, —77.
T, T-cellz AW/ #E T, PGE2 ZBIKHX A 74
WCPGE2NFEATHZ &Ik 0, IL-8DEIEFREN
R+ 5 2 ERMESN TS, ARETRT LD
2, L—W =& IL-1B1EMIC & 2 MHTAHME O
PGE2Z B DB REIE KA IHI Lo 2 &%,
BT R LT < TL-14 D KAER M R ] % (4 32
IO F7e B3 RIS HA T D RIENEHE G P Af
B2 Z L ERBL TV D,

AT aA RRPIRIEET X AV 0%, bifk
JEAER DR 5, £ < OMBOIEIE, S ok
e EZIGITIED Z RN A RTHEY TH D, IL-1B
FHEOIL-SPFEE MBI T DR A2 L, L—V
— BRI X D IL-8PEAE N 2h 5 & 1T IE [RIFR EE oD i)

IL-1p
IL-6

MR ETRTTXH AV v AMHATARIBICER S &,

HAREN B AR T- R BUMMT L 7245 55, MH7ARMIIG CRE
BT H8E 1 E. V= —IC L2 RELH D104
\ZHET 5 (Microarray EERE 72> 6245 DL F28 &) 3
5008 EELTC), 2O EE. TXRT ATV
BH51X, VUu~FOEEDFIRTH D EEERKO K
JEMEIE A FRFT 2 OB T 57, FITE 2V EITER
EHIEEITAERERE TER, SHIZ, AT H
A REMRIERN O 72 6T U U~ FBEORREE
D 7= OFYIRITEBIRICE > TG IN5 Z
ENEL ., BB & O ke R, O T %
W EEMEL EICEEST D Lich A D, RIE/
KIREMAZ B L Lz L—Y —RREHaEIL. 2 b
DI O EIWEH K O RIR ) 72 EE 2 BT 5 2 &2
Rl LTETLNL S,

AWFFE T, F#H1,000 nmDOEEEFEST D
SuperLizer™P4f 23 RS U v~ F BB > SRk
{E L7=MH7A fifE T, B S M7 RAEINHIZN R, His
PRI R Z R Lic, ok, KRS X 5B v~
FEREOEREMEZ B3 LT, AR RIZ. v
— W — KDL LN R AT 572D DR WET
NelhblEZOND, SH. IHIT, L—¥F—Kk

MR O R DE W, BHIOE N L BRIKRICEZK
RIEfFEZF-> U SNA70II2iE,. &6 5K
DVETHAS I,

A AE O R 2 FZ8 R & V) CL LEBRAD AT
HRABHEETF L —3— (FEL) 1,750 nm& FBEH L7-
FEEL IL-1BMENC X AIL-8PE/E. HiW &, TNF-aff
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ZOBEFOPEMZ T —~—H L, T ol
BE2T7—~—FRLV I, T~ PER I

R = Yo M
@y o8B,
OB L, 5 D58 S IR LA

(&)

ThY.
ERCE

2-3. CMC AW =X A
BNV A REGBICRIAR T & BTV
U A RSB E AT E RN HHEATOL, IR E
?(Lt BN Y VA NigghaEL, & 5I2F D8
LI REGRHDIREEEZ D, 22T, YL/
A RGO EAT 22 il Sy & TRl Uk & CHEBN T 5
RTEL. —oRowEEOL 24T 0 —o

L, BEREN ey TE)TEEY = (v],v)) Ok

(< ST, B By lck am—Lu Y b,
CMC 22N (VLA RaAf s O RFE

GDNRAET H 2 L DO TE 2%E0) x4 5 TE £—
N ® RF &Y%

E =(E_E)) (6-1)

E,=E,cosw,t (6-2)

E, =E,sinw,t (6-3)

LB NThD, 22 To, IFZERCANT S RE

DIEBE. E ZF0ES LTS, ETFIL-D RF

¢@mfﬁﬁrdthE¢%¢é AN m
O RF HIAEH L O+ 222ttt 5 72 51
%%m%@ﬁﬁmgdwfﬁ%ﬁ%ofwéﬁ@
TXNF—XHET D, Z OECERM SRR &
MLTHdET2DE, MHAEERIZKDEENZ



(/t))P" c#F 5, =T, WERKT OB, %
Iz & b7 9 REGOELNEZ B L, B H CET
15515 5 AR TR &

a’P .
(l/z'd)P +q,V xBy =q,E, (1)

LD, _®k% TR — BRI 1peV RREE
7ROT, FHEHENC XD IEEEGEOTIIXIZE AL
WL BIRED, Fo, oyr, >10Lx (DR

1%
myx +(m° }i*+mo(a);)2x* =g Eycosw,t’ (8)
T
LEHASEETE . A 2 BEE IR TR O ME T
B D Ll kv mLND XL Y A CHREO®E
&

£
X

" *
kS kS P . a) *
P = —-m,w, 4 e sm(—ot —¢i]
71 (9-1)

- qOE;r; [H (ZQ*r; )F sin (a);,t* - ¢r)

—t* %
P = myw, A, "o 2 cos{&t* —¢i)
I 9-2)

+q,E,7, [H(ZQ TO)T cos (a) t —¢,.)
pkED, FELHQRQ ) —Lr by
T LF—BAK

HQQ't))=F>2Qt,)+G*(2Q"r))

- 2 10
_FeO eyt 19
l+a )]
alizb—L AR+
20,7, B
a=""L(1-y] (11)
yan

Q L. RFIEHHEETE—L20% A 71 ha iR
BEL & O IR RN L

(f:fh—w} (12)
71
FQQ 7)) 13R85
* %k 1
FRQ't )y=—
( 2 1+2Q"7))>
(13)
4aQ’7,
b+@Q o

GQQ' 7)) I BN TH S,

G2Q'r,))=2Q 1, F2Q'r,)

B a (14)
1+2Q'7,)’
AR E BT S, Y
c@=@£—+fi (15-1)
m 71
my —>y,.m, (15-2)

ET D, Ly Er— L YR OEERS L
LT3, ZHIZLY ., Xtz BE LIz fER —x
X —DRIT

(moc®)y,” =(myc®)’ +(Plc)>  (16)
EFRIND, O-DRAE, 922D

(P =(P)*+(&) a7
%ﬁ@anf*ﬁﬂfé&
B A C()O Td qOEgT; 2 e
}/L 1= ( ) +( o, )H(Q Td) (18)
+ ZAI @, eT,;(quon )HE (ZQ*T; )(Q*t* _¢,~ +¢r)
m.,c

0

PEEHND, 22T, @ (TSN

* * * L
¢, = arctan [Zrd (a)0 - o, ]2 (19)
Th b, (18)RiL, FHxERAIIERI= /L — D iRH)
TR REZFAX—ORTH S,
o, (DRt r, b0k x

ET) .
yi-1=L=C0p00' ) o)
m,c
LY, B, EBA. TAaDbLO =0T
Yi=V BT
. E**
1(1{61_} on
m,c
PR LTI NI LR R LTS, 2
% CMC 40D, ZORMMER SN, a>>1

DEE. ¥, =0, /0, DIBTFL T~
32l X —2NAkx i, Q<0 T

FQQ't,)>0 k720 SERES&AFEHF I X
DIMET B, WITHEE T R L F— DN S O
Q >0TFQRQ 7)) <0 k720 FEEES) &L RF
S50 5 TR L —E WL LN 5, CMC TiLZ
DEIRRFGNODZX LT —DRY &1 TH|E
B FQQ7,)=0 %722 = 3 ¥ — I LT
W<, TRRCMC DA B = AL ThD,

3. FEB
3-1.EBROED

FPIHET R AL - — A TOHEHEREZFT
CMC BGDOMEREIT D, TD%, WAIShIZE—



LOWY I LAZBRHET 5,

3-2. EBRIEE

CMC FEBrtEiE i3 31c, B85, RFER, Y1/
A4 K. CMC Fx BT 4 56725, X112 CMC v
ET 4 X %2R, CMC % ¥ B ¢ 1% 20cm DIE
TR 6 K TR SV, DBV A Y L /A4 K
WY BHATWD, YL /A ROFRT 5 EF ST
WA LB T, A 7 o b o o B ChelnliE
BEITH, YL /A RERBT D ERICIE
DANFYSIK #-# Model853 i L T\ 5,

@ @ ®

x

1550mm =4
Il REX¥yYtbtT4EYL /4 Rafsn@QEFE
— b QATT VT af) @RF ¥ b7 4 @
VLA Ragr @i ©cceD o # 7))

3-3. EBRER

AWFEORE R, R T2 Lk, 794 A b
OF I, BZEO Y — 7 &G, ESOME, £
~ T3y M AT T VT af NDNRT A—=FDF
NTHD, 774 A b, BETHEOLZHITHEATID,
EHRA~ TRy b AT TV T afNDRT A—
X OFEFRTH Y BLEREIZB O TT, KoLy
—E— ATOWHAZHEZR TE T2,

4.F+0

KoV X —E—LDOHHNEREZIT o221 E
HOTI v a BB THIENTERNoT,
IR E LTE, EEFICERA~ 7Ry NOATT
Vo7 adVOMNENRTNTLE 7272010, IR
HAaf e, AT 7V 7afvonRd A—=20¢
NBRELTLE-TWVDEEEZLND, TI v
U E R T EIURX.CMC &Rl L= RE 5 LA
TEHEES Z LT, MABIS N HECTE 5 LIRS
nas,

5.2 30k

[ B2 A — Y —mElE o —1L 2 FE—A
— &\ PR EMEO MR —" U T ¢ 13,P65~
P69,(1998)

RIEANIZE FRk 16 FEE LR A 7 r b
Vo A= — o 7 — U U FIZBET B
[3]H.Ikegami ,”"CMC #f4¢ / — K~



[P-03]
Coo BUERFEHHRET L —FRIICED 3 R Co RNV w—DIER

A OEsE, BIE B L EE, IR R
A ARRFZE T8 I TR (T274-8501  TEEREAMVETE S8 & 7-24-1)

1 LI
AAXEY REBZDBIERFO> L W0bD Cy R Y ~—DOERFIECIT, SRR IR TR
LD L ORI THH[1], Fex ik, BHEETL—Y (FEL) ZHWTORBRIEIZE Y FERE 3 Kot Ce A
U~—0O&E HiE LT D, 2 E T/ UL 7 IROFEHTH) 5x107° Torr, 600 MPa )+ /1 FCFEL % B4 L,
Coo 3 F DR Y ~—{t&4T>72[2,3], Raman 533, XRD [T ORI R Y ~—_ki FEL #1250 < (KA
L 450~500nm T bR Y ~—(bLMEET D Z EBRbhoTz, L LN bum 4 — & — O EEH T LR
V~—bidf Z 2oz, Zhuk, KRIL O 72 O R E BB NERIC M D> TR T 56720 ThHh D, RY
~— kD, KRB DL EBEZDE, BREOAOKISITLRTH S, AHFIETIE, Cq & FMRIC
ARG, HIEEZ IR 5 & FREIC FEL 25325 &0 ) EBRGIEZ AW TR Y ~—(b&fTo 7, Ak
T, Coo D FHFRAE SLD L FIFEC FEL FRIHC X o TR Y = — (b3 2 572, BRI A1~ D IR D
DEEZBE LS TEWY, 72 Cod FIEARIENRE WD, Htum FE DR C oAV E R CrER AT HE
EZTWD,

2. B

Coo JRIEREIZ FEL RN 452 L2 Lo T, 3RIT Ceom Y ~—Z{ERIT 52 L 2L 5, FEHEE.
KOS FEL O E 22 S B CEREIT- 72, AU ~—{tE %, Raman 7056, X MREHTE24T 5 2 & TR
L7,

3. RBTIE Natural mica
B 1 ICATERR THW S HE 2 7R, Co 27845 L2 20 X 20 mm?
5 FEL R CT& D{14KIZ72 > T\ 5, PBN /LY RIZ Cg

( #EE 99.95% F7oIE 96% K Z At K-cell IZL > T

AR SH, WFIT—%2F ¥ R —RNICAI, Fr N

— MDD A 472 FEL 2 067% X 7 — TRE S8 T R

HHC LIS L7z, R~ A DEBE 20620 mm® (2 oo
v hL, y#—T 1 BHE, HL< Hiomz iikg#m s windo
Llze BMREFEMBRVT =y FL, Fx >/ 3=0OHIZ  FEL

ATz, =R F Ry 7EHANT, 10°Pa A—F—F T Optical

BIER A T o717, MR e — 12X 0 k%A 3000CE T mirror

IEAL ., RO T 7 M R%E 1 Kiffl{To7z, T,
FHEEEH 2 VT, ZnSe DB 2 —R— FZi@ L CHIE L
7o L HMGRE & FERF I CEVER B Ag X—A R T 1 FEL W& U728 5 Cog 4

Pefih X CTHIE L72REE OB Z & 0 | BARIRE ORE A S 7

1To70e EMGREZFTLOMEIC LTz, Cq D& & FEL

MR A FIIRFIC 30 [T o7, FEBREFE R 1 1277,




T RITA PR . .
o \ W ‘ FEL % L— PR
R, AR ) SR )
. (10” Pa) . (nm) (mJ/pulse * cm™)
(C) (C)

F40 341 1.2 42 - -

F40 1350 346 22 42 1350/450 ( 3rd ) 4.36

F200 330 1.5 205 - -

F200 500 353 2.0 202 500%" (3rd ) 0.398

%1 P 1500nm @ FEL /30 KRR 7 4 )LAHIT@L 3 fEOEFRKOAREY H LT,
%2 FEL O L —Wi8E % MG mifE CEl - 721,

ERL L 7= 2 AR Y v — 7 BHEE S A7 A(SIL, SPI3800N, SPA-400)% AWCHRiEaBIZ LT, #l
£3E— RIX DFM Th 5, Bk Raman /3035 (HoloLabS000R ¥ = 77— U H—F 7~ VHHK S AT 4)
ZAWT R Coo 0 Pt OIRENE— FEBI5 L7z, X #EHPTEEE (XRD) (RIGAKU) TiE, BEICHEES
1] DA% - 10 4 FFAIG L 7=,

4. EBRER KR OB

R L 723 Bt o R E TR G A K 2 (TR T, HEiR
R 40°C ((a-1),) (a-2)) TiX 50nm THh o7kt
DEFED 200°C((b-1), (b-2)TiX 500 nm (727,
F 72, 40CTITRLF- DA E R > 72 3 T Bkl R
Thotz, 200CTlE, AT v 7 LT T ANMERT
T, ZTORAT v T E S 0.80nm & Ceo(0002)iEi [
b & ZIE— B L7241,

— AT, FEBRIRE O ER-E &b, PREEEEDS
BIML, A7 v 7l L TH 7 IS8 Lk
FZDH, ZOBEAE, M2bWIRLIZE Y RAT v
LT T AENRREICH H b D,

2(a-1) & (a-2)F L O(b-1) & (b-2) D FE R4 % ik
LT%., FEL MU OFEIC X 2EWER R0
O?LCO

FEHOEE 40°C TIERLL 72308 Raman A7
MLZR 3 12T, SRHE FEL U 72 U, S580E 2: Ceo D # 1Hi 5 (a) 2 i 42°C (b ) 283k 42°C,
FEL A ®H Y TH L, (@IETT 4T NT V=7 FEL FHH Y | (MR 205°C (b) HAk
F— R Ag() (b)ITr Z TFLE L FE— K AgQ2) JEFE 205°C FEL 4t dH 0
Thb, EREE 493 cm” (48R ) BTV
Ag (1) EET— FOE—27 8, FEL B 24252 LICk D E—I3ENTAY, 519 ecm” ( 328 OITH -7
E— 7 NHNTZ, 72 FEL 25425 2 L2k -5 T 4g Q) IREIE— RO —27 23 HERHIF 1469 cm™ (AL
) DHIREEE 1461 em™ ( FERR ) 12V T P LTWD I ERDbNoTz, ThiE, Co ILEBEOFLIZHND
Ag (2) IREVE— R385 F D | AMANZAI D Ag (1) IREVE— RSB E -7 VW) T EZR LTS, Tl

00a [nm] 1464 000 [nm] 1410

[hm]
oo [nm] 985

(b-1) F205 (b-2)F202_500




P77+ ARV ~—DF —% LHELITH BH[5],

FEMGRFE 200°C TYERL L 7=70EtD Raman A7 bV &K 4 (2R $, FEL BEOFEICED LT, (a)dg
Q) IRENE— ROE—27 28 1460cm” FHIICHNTEY | (b)dg (1) IREIE— RO E—27 HIREMEL 220 4y
LTV, E72. M5 ICX 4a)DFERRT/R LT FEL % BB L7238 Raman A2 ML ERT, 3 50D
E—7 DERADETHDHZ ENbholz, E—IMEIZZNZh(a)l454cm™, (b)1460cm™, (c)1470cm™ T
Holz, QD=7 DIFENL, R ~=—LEDEW Ceo R Y v —NFELTNDZ ENbh o7z,

300 70
L(a) - — F40 r(a) - — F200
250 L ——F40 1350 60 i ——F200_500
200 >0 L
r 40
150 F
L 30
100 - 20
—_
- 50 ﬁ 10
= < i
< 0 n 1 n 1 L 1 L 1 L 1 L N 0 N 1 N 1 N 1 N 1 N 1 N
— 1420 1430 1440 1450 1460 1470 1480 >, 1420 1430 1440 1450 1460 1470 1480
2100 w25
‘B L (b) - — F40 =t - — F200
o ——F40_1350 8 20} F200_500
o 80| = _
= =
— 15}
60 - L
i 10+

5

S
S
—

| t I\
! I Wl AN I iy W
20k H‘ 7‘ 07!“]’\’ ‘v\," \I"‘\,\ \.\’, J \\I"\'
L 1
0 PUR N NV R NS M I T— -5 PR R E VR RS ER S RS [
200 250 300 350 400 450 500 550 600 200 250 300 350 400 450 500 550 600
Wave number ( cm'1 ) Wave number ( crn'1 )

3 FEHGEE 40°C TIERL L 7253kt (a)Ag(2)

4 HERGREE 200°C CIERL L 7=atkto
& (b)Ag(1)® Raman A% kL X U (= kBt

(a)Ag(2) & (b)Ag(1)?® Raman A-~<7 /L

3000 —— -

70 g T - = “F200

ol - = -F200_500 ool |2 ——F200 500
= 50r ; 2000 |
= aol s
2 5l Z P g
w 2} (=3
S § 1000 + < g
Eap o o E i . . :
Pt a P V2 S o \ N - | J ° ° =

10f Eb{// <X 500 P -

0 @ --m-z-z-7” C N T

1420 1430 1440 1450 1460 1470 1480 IV AT VL. Y.V I o b

-1 10 15 20 25 30 35
Wave number (cm™ ) 26 (degrocs)

5 1 FEMRIRE 200°C CTERL L 7230kt D (a)Ag(2) 6 : FEMOEE 200°C TER L 7=30kto XRD

L (b)Ag(1)® Raman A7 kL AT L



VESRL U 72500 JEARIEE 2000C T XRD A2 ML &K 5 1 oRT, Ko, B iid~ A B RO v —
7 %R LTWD, FEHRIEE 40°C CIIBME SN #@EN fEd b L Wi o 7o, 77 » ZETIEENL
Molc, FEL WU L72alEE S U LTV 20l BRI 20 MEEIC Y — 27 Bz, $£72. (10002 ) T,
(0004) [, (0006) MHEIZE—7 NEALTND ZEND, FHiTz Cqp MIKITAGTREMETHL Z LMD
Mmooz,

# 2 1T Co DFEMEAE, F200, F200 500 DiEifflELZ i EinsLic, EHHDOES Co DOEEMEH LY
KL< 2o TRV, HERBOM/NERRTE -, T, Co DAY ~—{b L. RGN LIz EEK
rEEZLND,

# 2 XRD HERR L VB L7

(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. LW

REFRBIERBR L V. 40°C, 200°C OWMFEFIREIZF T, FEL FRFHC K 2 R E H OFRITE O 1T
W ERbho T, HRIEE 200°0C Tid, A7 v 7 - 77 AfEEEZA L TEY ., XRD BHND Cq AiEMmIL
LTWDDNRDhoTe, HEHIRE 40CTIX Ag (2) IRENIE— FORENEA L, B — 7 (BRI M
L7, Ag (1) IRET— KOOI BE L7, AR 200°C O HIKEEM O v — 7 (LiE1X 1454em™ & 72
D, RU~—LEREGN ERDMoTz, LLEDORERIT, Co DRV ~—{bZM< R L TND,

7. BHEICHEK

[1] (R RRE], ABREE © BB 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)
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[P-04]

R—NV =R EHW-EREF L —TEEIZLS 3 RT Ceo RV ~—DERK

2Rk EE L BRR

SEE /NN BERR . AW EsEC R R

1 HARZE TR TS LANIEE (TRERAE T3 G A 7-24-1 401)
2 AARRZH T EOERE W TR e (TG T #E G5 7-24-1 401)

1. IZL®HIZ

Coop WAV ~—%ERT D &, B TEICIZF A YEY RiTfRFEESND sp’
RS G SFELET D (¥ 1), HEZERD Co M3 F A YEL FiEA TH U
&L HEpOBER LD, o, FRITIIERTORMEE Lo E
FEZRIR &\ O R Ky

T2 O THME  KIVEICE Lo, BIE, HEE,
LR OMENEOND LB AT,

Coo 2 3 WITHNZIAREG LT 3 RIT Ceo A U~ — 1T, SIMRIRE O
I BET (~800°C, 15 ~20GPa ) ' ToOSEMA R TH D, —J.
EHBIX, /9774 MCA—IL R—E 7952 LT, KR - (KE
ot L CEMEEARAESE, 7T v A4 vy ReflE Lz B

AWFFEO BHE, HHE LV —Y (FEL) ICX 2T Cyp & 3 WKt
R 2—bSHEDLEZAIZH D, LI, Cy ICHMEONEERIGCEZ ] EE
I RESEFIZOWVWTIEHA LT R > Ty, ERAEMEEZREL TS
FEL % FWAUE, SR B IRIMC D72 D IRFH O BHR O H ) AR O E %
B Co I[CHRINT 22 NS, 72, Co IIRA LT B SV oi#k (3
UH) ERBEHFICESTT 7872 L LTHER S E, Co DTFRALF—RE

bz bbb L, BESEIEET D L0 58 LWFIEERET 5,

2. BEOHFFERE

2 12T~ U B DR R A R T, 1469em™ FHIICELL
% Ag(2) IRENVE— RIZHEH Lz, Ag(2) REE— R EiT,
Cop PHRFIRTNEEBROHFLIZMN D X O ITREIT 5%
— FC, RV w—{blc k2 =27 o7 bR@E STV B,
2(a) 2% 450nm @ FEL ZMRE L7252, X 2(b)
(21X 345nm @O FEL % PR U722 7R"3, R 450nm @
FEL MBHHZ LV dg(2) =277 3.0em’ | L IBAY T v
Tl 8.0ecm” ~AFA~DOE—27 7 N EMHR L, EE
345nm @ FEL BHEEOY 7L TiE 7.6 com™ L, BAY 7
LTIE 97em” ~A F RN —2 7 P EER L, £7-.
345nm @ FEL BHH% OV 7B\ T E— 27 O34k
L7, ZAUTRGHERRBIRETE DA TG L TWD T
WIEEEzT, ULEORREI S FEL BEHZ LY Cg AV
< —ALIENEZ T2 Z EIFH LN TH B,

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 UL D T~ o3 YR ERE 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 - &

FREEE X 3 1T, Co MRDAZDH T E | Cq & I, % mol th 1:4 TIRA L 2 FEEA HIZ
JFBkE U7z, sUBHIEZED (10°Torr ) THIE (600MPa)d 5 Z &2k 0 ERLL 7=, EBREIEAF 1 17T,
Bulk &EFLELTHDbDIFENZNT B EZI L, 77 2B (15, # o 7 AT DOFR—FT
T ==L (130C ) #1771 &I L—FRE L7 E D TH%, Band Pass Filter ( LLN BPF ) &\ TR %
1Tofeizh, MR ITmENMELS , ZOMEZFHIT 2 Z LB o7z, FHIEREICIT T ~ v o e,
X BRIETAEE 2 L7z,

Press g FEL
L 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. FERRILE
* 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




3. ERARER - BE

B 412 X BREGHEEORE R AR, BPF ZHWCIEEZ 350
~600nm F T 50nm Z|ATELEE L —FRKFEZITo7, ZOR
R BEEEO L —VFRIH%O (111) HiZBWCE e Ok %
R LTz, ZORERING Cg 53 FDICHHEL RIS DR DR %
e L,

B 5 {2 Raman 73 GHIE DR R ZR~T, BB TRT LT,
AWVRENBRLIZT B L THIEZEIT o 7o R. AV RO TR
TN F—M~OE—T D7 MR TE 5, E—71% 4 DI
SELTEY ., FD 1469, lem”, 1461.0cm™, 1454.5cm™, L
TIEH DN, 14475em! ICHhE—27 2R THLENTES, £
7oy AWVAUCIESL 2 & T, MEOHD, 7 r— RMEAiHERTE
Do AWVEPRZRWVEZICBWTHHIEEIT o720, 2D X572 K
ERE—I T NIRRT LI ENTE Rrole, 72k
WCHWRB S22 Enb, ZHUTESHITIES 208K Y ~—1k
LTWDDTIERWNEZE R 2, thoH 7V THREILCEDICH
VBT E | FERICE—2 V7 RBHERTE T,

140

O  :Irradiated Cg,
m : [rradiated Cyytl,

L33
ol SEEE & EERE s SEEEEEEER R m--O----
8 [m}
Qo
E3g2 n o
g ]
3
281
=
-
300 400 500 600
Wavelength [nm]

¥ 4. FEL 3 & ZREH %
XRD HIERE R

1469.1cm'!

120 -
100 -
80 -
60 -

40

Intensity [a.u.]
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Coo MEA~—%TGRT D L TAg(2)E—2 R 9em™ ~A F AU~ 7 h 5 LD@ENRHHP), =
M Coo D THIOIEAREGIZ L0 FRBEA T DIRENFIROEBELEZ1T D720 TH D, Co 25 3 WA



UV~— b L7256, Ag(2) E— R EDRRET 7 M 20 BEICITR > TW RV, XA ~—+ ) ~v—
X0 M TFRILEDEET D720, ~A4 T RUAl~OT 7 FRITEINT 2D EEZXL, 2FED, 2O
7 RENPREWVIZE, 3 It Cg AU w—IZESNTNDHEBEZLND, SR, ~NBT VIt ORMmE
L—HRUR 2 FRFICAT O 2 &I K 2 mEREOM/N, BRLEAVWRIZE TS E—2 7 hoBINE, i
EOT AN 3 RIE Ce NI —DEMICAZNTHD Z L ERRLTND,

4 F LD
X AT OREE L O | IR OM MO BN 5 = b AHER LT, T I HEORE L b
Ag(2) FBE— ROETFAF—f~DE—2 27 FaRR L, SABORMEND, L—ProiRiR
RIS L D HRERS L. AR FUTEDRALND 2 SOT Fa—F #FEFHATFS 2 212 LD, Ce
DR Y ~—{LBE A EE LT,
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BTT /T A RAERAEBR LEI—R T ) F2—T O EHIH

RIS SN
2 AARRZFHT A

1. It

71 —7R )/ F = —7(Carbon Nanotube: CNT)(%
W Z 2 A1), PR EREERI 2R, &
VN R & B IR B TR & R R O[3]7e BV o T KF
WMEHL, xRy H~OISHAR/FS TS
BT NAA~OIGH E L TE, EEYS u%7ﬂ£ﬁ%ﬁ
DT m—T 4], EREFHHIRS]. EREERK DR
HBRI6172 ENZET Hiud, CNT %:ﬁ?%ww’ AT H
T DO, CNT OALE, &, B, KEEE

ﬁﬁﬂﬁ[}?ﬁ)%% %, ﬂi%xﬂfﬁﬁkﬁ(Chemical Vapor
Deposition: CVD)EZ W4 &, CNT 13k ik L
T D BB R T 5[7]. Z OFFIEL. CNT Off
&, BEOHIEICHHATE 5, CNT OERIL, fillf
PR DOEZRIZHEIT 58], ZHLEFIHT 5 & CNT
OERHENTE D, £72, CNT OREFIZES
s 2z &ick v, EBHOHFAN _ﬁaﬁﬁkééﬁ%
Z L RHEEETH B[9].

AHFGETIX, 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 Te, — I EB R L OBANET SV O T,
Ni filtffi%, Mo T HUE 3R i A3 HL 57T C 0 A48k
FALT %, LoT. "F—=U 72X > TREHHM
D WRE—UEROZTO CNT OISR E 25
72, CNT OELAIFR L, 5RWES 2 HIINT 2729
77 X~ CVD {EE AW, £ LT, IR
Bicf] L 7= CNT(Vertically Aligned CNT: VACNT)D/E
Rz 7=, £7-. PECVD Tlx, CNT DER &%
FEDHIEIZ DWW T b ET L7c o THET 5,

2. FEBRE

T Hi4R JE JE (Mo) & A& (Ni) X, on-axis RF ~ 771
by Ry 2 AEE A D CAEENRG x 5 mm?,
JEE: 05 mm) BIC/ER LTz, #—F v b bEERE
CTOEHEL 55 mm & L7z, 258 O 1T 3.0x107 Pa,
FRIELE Ar 7 AJE 2.0 Pa TiT7e o7z, 458 IR IC
TR EIC A Z NV~ A7 (JEE: 30 pm) &2 iR iE L, 4
JBNE — (BB JBIE: 200 pum, ¥+ ¥ 7 100 pm) %
ek Uz, 2. A X R FBIEBRICAST 514

A RS
1 HARRFZRFBEER TP 20 R - T RIR (T 274-8501
EREE T IEH LR (T 274-8501

LA g2
TR ARG T E S 5 7-24-1)
TERMETTEEE 5 7-24-1)

AT D720, RIIWRT IR T 4 &S —
7y b — EARENICHR A L“C/\E/\(W’*‘/%:EEH% L7z,
2T, M OIERKOLEMO K5I, AHREFD

jirﬁlf)\ DR, &R —/mfﬁﬁﬁ:vx 7D
H|Z[EA S 1% shady side, A1 & 5 IZFEav 72 v Al
Z sunny side EPFESRZ & &35, 7o, fERIET-
ZNEND /Y — T Point A~L L NEIZA R D)
52 LT D, BEOMIEREOEAGRE, RF &
RMBHE X Mo O#5461% 120°C, 50 W, 10 nm/min,
Ni DE1L 70°C, 20 W, 3.6 nm/min Th o7,

CNT (%, £ CVD(Thermal CVD: TCVD){% & 75 X
~ CVD(Plasma Enhanced CVD: PECVD)#:% H\ T
R SE T, @FNY— U BIE LA CVD
B OMNISEIE AR, Hy: 10 ccm. Ar: 200 ccm D
HAEBANLIRN D 600CE TMEL L7, TCVD &
T® CNT fliF L. CHy: 20 cem. Hy: 10 cem. Ar: 200
cem DH A%EEANL TIT-o 72, AERFIX 30 min,
AJE1X 100 kPa & L7, PECVD 1T CNT il 1%
PR C d D BRIV X ICE R 7 v — i A F A S
TR o Te, FRANT L &R/ — [ OEEE
LD, ERO—FITIE~—A MR M LT, 7
7 ZA=1%, 5 mm BT R RE— AR I 250 V DT
ZHUN L CTHA SH 7, CNT SR EHTIC, Ha: 50 com,
Ar: 50 ccm DA AT 1 77 A~ 34 ST
(Pre-treatment), Hil} T, C,Hy: 5 com 23 A L C CNT
AR SE 7z, BRERIE Smin, &/EIX2kPa & L
770

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

1 7O



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

3. EBRRRAUBE
3.1, @RANF—UEBERIGRIRE LI —R T
/ F =2—7 (TCVD k)

]2 12 CNT R ERIDOBE /% — 2 D AFM &%
T, K 2(a), 20)FFENENERESY — 2 DEES
BEANZ—PLEBRILIZ O TH D, M 2(c)iT
2(a). 2(b) DM EL T Z XK LT b D TH D,
2)DEMITEIE /X — > DIFAET D51, A
FFELRWGFT Th 5, @B/ F— 2 DER T,
18 S A9 30 nm FRE DK X 72 NiBL T 2MF(E L T,
Z O TR &893 nm FRE D/ X 7 Mo RT3 24k
FEL T\, &R/ 37— uis(X 2b) Tk, F
W23 EISR -2 T ISIFE L Tz,

B 3 |2 TCVD B2 &Y CONT &R S H7-fED
SEM 4% 7~7, X 3(a). 3(b)iZ Point D O, [X] 3(c).
3(d)I% Point K D% — RO 2 RT, £ LT,
X 3(a). 3(c)i shady side D% 7~d, BOA4 L34
JBNE— 2 DIEET 5T CTh S, X 3(b). 3(d)iX
sunny side DR % R T ARDIE T NBIB/NF — 2 DAF
T LB THDH, CNT IZTOTHOEA bR Z
—VEROBNDERE L T\, ThEhod
BT Wenr13(a) 17 pm, (b) 2.6 um, (c) 29 um, (d) 19

Substrate| Patterned metal layers

I
0 22.52 nm 4

(a) e 3 mm
(b)
on Patterned metal
) ; m

Substrate

" Patterned metal
N~

0 17.31 nm
(b)

X 2 CNT R ERT D4R /N Z — 2 D AFM 14
(@B Z — L DEER . (b)Y % — 2 Hid,
(o) E S AT ORI

um CThHotz, BETONRL—2D W E L O D
DEH 41TRT, KIS L—TR LIfERIT &R <
H—rk, ACRLULEMERIT AN — v Hoxy v
9, ZOXKDG, sunny side @573 shady side -
DY Wonr WINENWZ ERbND, £, Wenr 135
P X0 ®7e D Z L5, Wenr 138/NT 2.6 um
ThoT,

CNT D@J@/ S — B TORNBR L, CNT
D RIERCRL 7 D B B RE T 5 T2 I FEBL LTz,
AFM BIZOFE R, Mo FHIBO LR 1L, /% — 1 1f
DT T, "=V ERTIImEL TV, Zh
1T B AR ZEED shadow effect D72 TH B,
Z @ shadow effect DR % X 5 1TR”T, ARy &
ST, ANy 2RO AT ANTHEL SN D
e, FRx A CERICARNT S, 70L&, %

—
| 30um %

(d) Point K, sunny side .

(c) Point K, shady side B
X 3 &F/SY— U AERIEC T ¢ v E I 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



— VBRI A7 ORI HEEN TE, 20
AT OB N5, Mo DSJEH E VEIR Tl
DARERNZ /20 . REIZMIWABN D, —RICE)R
[FlEDOBIANET R 2D P2 T H#E O T Ni
VBB (b LT < W, ZR 1T O AL EIR O A Ni A3chE
FAb L7=72, CNT D@ R NFEH LT,

X 4 |23\ T, sunny side D Weny DED/NE L 7
ST=DIE, 7 4 N &K o TR O NS EDHIR S
U, shadow effect (2 & ¥ BRIE 37 < 72 B REIK A Bk <
RollchThD, ANy ZFETH 2.0 Pa DIRE, A
Xy BT ON-2)H ATRE 6.6 mm F2E Th - 72,
THUE. T4 OREED S mm L0 bFMITEN,
Lo T, AN T NEMRICARNT AL, 7
4 VDM ZERELCHET 52 LD TELMEDR
WHIREIN D, Lo T, @B % —EREO
shadow effect D&% 7 4 X > TR+ 22 &
NTE, BIREEOBRMELZETZ LN TE T,

32, HdRmIZHEE
(PECVD %)

B 6 12, PECVD Rl EAR ARV & & G Jd /N & — ]
(R —Z M EBATT 2R A" T, B 6(a)iTER~
— A MR, AR E TR VA BIZEV TR
EI®b0, K 6b)IaRE ¥ —r LA
NEET D L HITHR—X P2 L TRE S
LD TH D RN—A M EBAT Lo 256  CNT
FREET, W ONORL - BIFETLDHTH-
7o $RA—R NEBAT LGS, SF Y — 2k
5 VACNT 25k L7=,

PECVD THIH S35 DIE, FICFEME o g
BT D, EINL7ZBIEO KIS 1E Z DR ¢
T4 2%, ZOREEBREEOE S X, Child-Langmuir
OIEHITHRAE S bivd, ARIOFRMETTIE, Z0E
S1E021mm Thote, kLT, F2AR— BEHRHE HEEE
25 mm CThotz, Lo T, T AXAEREIED
ko CTHEKREFHICEHIIMENDESRIZ, 50
V/mm F2EE2 G 1 kV/mm B2 F THsR S D Z &

BA L —RF ) Fa—T

" (b) i i
X 6 PECVD BF DERAN— 2 AT DOZIHR

(a) $5— 2 R 72 L

DD, TCVD HIZAA 7 AEEZEM L7721 T
ILES 2359 < . CNT IZHEERL A L 72\ [10], PECVD
TlE, BOEGSEIM STz, FEEALH L

72 CNT 2MF b ATz, Lo L, FRIBEGH O /E £ 13 0.21

mm FBRETHLH, BiRESE ¥ — L DEEE

ELRVWEA, JEZ 0.5 mm OAREKENR ETIET T

R BFA LAV[11], £ - T, PECVD 1T VACNT

R SE LI, il LT T A~ BN

5 KD L Al AR S TR MLERD D,

£l BREEETIAET D5 A 13, EH T

WL, P2 & B L= GBS — U iliE T 5, 2

DEBICEVBED ANy 7 ) o TROMBREZ |

Ni filtlfE Dok M S 5[12], L > 7T, TCVD

ETIHERE Lo R F— 0oL TYH

VACNT A3k L7z,

[X] 7 |2 Ni i D EEE & Pre-treatment BFfi 2 2k &
H72HKFD SEM #4474, VACNT OEAIT Ni EE
73 3.6 nm T/ 30 nm, 36 nm T/ 50 nm, 360 nm T
1% 80 nm T¥H > 7z, Pre-treatment FFff] 2 2L X2
& . VACNT OE AL L7z, Nif&EA 3.6 nm D
854, Pre-treatment BFH] 23 0.5 min ClE 50 pm™,
T2 90 um>, 5 min TiE 20 pm™> Toh -7, Ni [EE
28 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 FFE 2% 1 min Ti% 30 um™, 5 min

TIE35um™> ThHho 7=,

Ni JENEL 725 & (CNT DERNKE L ol
Ni [REERNEL 722 & | B S DRI DER S K
&< 72 %, CNT [T L HHIWED S DITRR L
72N, Ni R & CNT OEARITHAE] L2, Nifi
JE73 3.6 nm DA, Pre-treatment IRFff 23 1 min DIRf
(2 VACNT DFEDIRRIZR>To, T D R E
IR ORI AAL » 1B+ TR < g
PEDPRLT- 23D Te o T2 T2 D B FE N L= &5 %
77 F£7-. FEEFRD Pre-treatment TiX, 77 A~I(Z
KXo TNINANYZY T ey F TS TEN
B LTz7=, CNT MR L7edro> 72, Ni RN
36 nm D4 B X Pre-treatment B[ 2% 1 min X ¥
b Smin DHBKRENpo7z, ZhuE, Ni DENBZ)N
S7=DT, EFEM Pre-treatment 21772 > CTH 4312
Ni 3> TWe7eHTH D,

1 min



Pre-treatment Time
1 min 5 min

0.5 min

7R 40 nm, £ 50 pm

3.6 nm

36 nm

v

360 nm

Ni catalyst thickness
7 Ni filtfEfFIE | Pre-treatment R 2 2k X W 72850 SEM 4 (scale bar: 300 nm)

4. FEoH

TCVD 4% VT Ni/Mo 78 ¥ — > DEE AT D Fx
PHEINAE L7 ONT Z2/FR L7, 2 2Tl A # 1
~ A7 @ shadow effect & &JBFRITDENIEDOE X%
FIF U, &Jd & — B 0> 7 7C Ni fililit S5k 11k
W7, ONT Ik 71k L= fiiiE D B B E T 5
7289, CNT ORI ENET Lz, £z, AR H
Wilc & —7 > b =57 ¢ &8 L CTERIC
AT D A8 BRT- DA EZHIR L7, 2 DR H.
CNT % fx/NC 2.6 um OFERIGRINEE S®5 2 &
MTET,

PHND&%%wT VACNT % {E# L7-, VACNT
EREISELZD R C o D FEAR AR L & & B
WL@%EA&~/%%@§&T%<_k#MET
Ho7-, VACNT OELIL, Ni filtlitORE % 21k &
HDHZ LIk o THIETE 7=, VACNT DI
Pre-treatment DORFf A2 2L X ¥ 5 Z & THIEITE 72,
VACNT DOEREENI K & 725 Pre-treatment FFfE 1
imﬁﬁﬁﬁ<&ék§<@oko

PLED X 5z, Z4E TIZ CNT OALE., Bln,
E\pi®%ﬁ%#é_&#?%toﬁm%%V~
#(Free Electron Laser; FEL)& ST L7273 5 246 D
HE 7 a2 %2475 2 LICK V. CNTDOHA T VT
4 BRI DIV EBRFHEDE) —72 CNT /7 LA %
BT HZENTEHEMMFLTND

HEE

AR D T EE T 1-5i /& 1 Bh e B OSSR
BRI (No. 15360173, 18560314) DAL 252 1 TAT
bz, 72, AWFFEDO—EBILSCE RN il
oy 4 THEEEEO R L L TiThbhT,
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[6] M. Nihei et al., Jpn. J. Appl. Phys., 44, 1626 (2005).
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(2001).
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[11TH. Okuyama et al., Mol. Cryst. Lig. Cryst., (2007) In
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[12]Z. F. Ren et al., Science, 282, 1105 (1998).
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L—FT7 T —va VIRIZE D Al F—7 ZnO FEHE T DOER

IR AREY SR

ZOHIE R gk

I HARKZHE T2 ES TSR (T101-8302 T H XA B 5 1-8-14)
2 HARZ R EBH T2EFZE R (T 101-8302 T I X4 FH &I 15 1-8-14)
SHARRFH TEMES TFR (T101-8302 X H KA H A £1-8-14)

1. [FC®HIC

Zn0 1 n B OBIEIRT 3.37eV DT A R FF
¥ o EERTHD, T F Y P rOFBETRLF—
2N 60meV & R&EL, ZoxXy b —BEREIND
ENTHEEMR L, DRISFEETIHEDRNFET L LT
EHSNTW5, BIE p BIC SrCuz0s/mn JEIZ Zn0 % [
WIERRFRFMER SR &0 ) MER©1XH B A,
SrCuz02 1FKFIZ LY 7o T SN HHEERH Y |
N REx v 703K 26V ThH AR NFE T EER LT
bEFER—NVOEBEEEINY FF Y v 7OHRN
SrCusO02 THZ - TLE I, EZTAY FF v v 7 NIE
124 L\ LaOCuS & ZnO (2 &k 0 3N FETF2IERIT S 2
EIFHTHDENZ D, £, ZnO I E RIS
DT EICRVBIEREAETE D, Fa X RE R
DMERLATRE TR L OHIEI N R S TH 5 PLDIEMIC L Y
Zn0 O EIT>72, ZnO X Al % R—7 &8/ n o
Zn0 DO ZITVN, FI~DFE L WM 2 8%
FREE 2 3 L 72,

2. EEAE

(2:1)  Target bulk M &%

ZnO ® Target bulk {22\ Tl ZnO 1Zxf L Al.Os %
0,1,2,3,10wt% A L7y K%Z 80t THAMEMM L7t D
AL, 22 PLD B X o TRl & B bt
L7z,

(2-2) PLDZAIZ& B EREER

HIRERI T BRI E £ Figl 1R d. F v U3
X —Ro LD 10-5Torr £ CTHER Lok Ar 7203
0z gas Z ¥ A L 102Torr FRPARIEIC SHANT & 0 &
1064nm ® Nd-YAG L —V % L8R 20mm oL X
THIEL., Trv o NNNOERMEICERE SN2 Target
bulk (2 L—H# 7 L & 10d/em? THRET 5, B Sh
Bt END T T L— 3 v L A& 20mm ISR [E]
ST AU 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

BEE, WA ERY S, Zn0 @HEIL 7 €L T 7 A ThH
B2 BRI & VT 400°C T 20 FEREBVLER A fi - 2
L TR bR SHT2, FOMODEIEIZ OV T Tablel 12
RLTCHEY 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. EER#ER
(3-1)  PLDEICE YR LT= Al F—7 ZnO EED
E2i

Fig.2 (2J5IC PLD 3% AW CER L 72 ZnO D
XRD JEFRERIZOWTRT, AlOs DIRAED 0,2wt%
DWW T, ZNFN002)HE1 R S5 TWD 2
ED3D cHfLA L7z ZnO OFEFEMPRE L TWD Z &b
M5, 3,5,10wt% L IES B A2 I & B2 #BIE ZnO o v
— 7 N TRV E D AlOs RIS L v fE sk
FPTTEALT 7 ATHDEVZ D, Lo TYAG L—HiC
&% Al F—7"ZnO #HEIFERIZIU T AlOs DIRA &I
SWtN AN HMY) THDH EEZOLND,

Table 2 |2/ L /- > EDX HIEHESIC OV TR
9, Target bulk 2 Al:Os DIRAREEZHEMEIEDZ LT
LRI Al OFIGREINL TWD Z &b,
ZOZEMND bulk FORGEOREGEELEEDZ &
THEIEHIZ Al DR EEMIEDLTENTRTHD &
Wz 5,

Fig 3 \Z/ERL U 72 @M D PL JIIERE RAZ DV TR 97, ZnO
D IHD(ALO; IRE 72 L)OWt%IZ DV TIiE 380nm i1
ZnO OTH T kU3 G()DNBE IR TE D03, 1wt%ik
AT D E(@DTF M UFEADBRBLTND Z &b



5o 2,3Wt% D H DIZOWTIEHT7212(b) () DIEFENE L T

=
2 A ]
w . "™ ~
[
g UL s
[ N I N
|
) “/\ N 0wt%
g lg 2 ZnO simulation
lv L1— Ll =
30 40 50 60

2 XHRET I (XRD)#E R
Fig.2 Analysis of crystal structure of ZnO thin film

# 2 TRAF—HO X AT (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%IEBA L72 & DIZHOWTIL B S - 7236 130
RBENTR 2Tz, FETAHLERBO TR LN D (d)D3E
Seid O RalC L 2R TH D,

(3:2) RT AN v I XBIZEDBXATF SEH
ARKFZE A AR DT A N v 7 X#iGS
(P XR) FAEBEIIRFAEBENICS W OKESMIZ—
WIS BT B =R VX — i oz, = xb
X B XARIAGIRSE (DX AFS) JIENATRE
Thbd, ZNEFFALT, PLDIEIC LY ERIKEL 72 ZnO ©
ik L Al F—7 R DA E OB AT 25 =
EEAMELTND,

—_— .
@®© @ ALO;:10wt%
o e ]

T O3

N - | ALO;:0Wt%

300 400 500 600 700 800
Wavelength [nm]

Intensity [a.u]

3 PLDIETHIELT- Al F—7 ZnO ® P L #:

4 PLDIEICE VD A7 b st BICEE L 7= ZnO
L In{EOEE

I T I T T ' I T I

- Zn0:Al (2wt%)

W

W
.Zn ‘/\/M\,J
| |

—t— T T n T L L
100 200 300 400 500

Intensity [a.u]

5 PXRICEYWXAF SHIE LT ZnO #iEDC C
D {5 0> — 15

PLDIEICE D AT P U BRI L72Zn0 L 2> b
—MIHWE In EOEEA2K 41257, £/, Th%
PXRIZLVYXAF SHIELCCDEBO—FIZX 5
\RT, Zn E DR TIE X AR D = L 2 — D3I 0D
Ec=9.663 keV LL L2702 L RINARICH X TNWAD Z &
Db, Tk LT, ZnO < ZnO:Al TrxW s
JECORIDFERLNTR Y | RIS B R = %1% —
TIERIED LT > THE L TV D, Zn KR XHo =
X —ZRINT 5 &L NRBE T DO RE 2L, KE
FELTROH LTV, Z0L XRBICHEET L0
AlJFFIZE D HEFDPBELSN TR > T DMEENAE



U, THOMEEBT— A FAEM S TS
HEIND, 1E> THLRET DO T DOECF DR
HEZIRETE D, /A XPKE L EREZRIEEEZ TS5
T OB R ZIEIX L, R L—V 7 &2 {ThRiTh
72 57200, RS Al O K =712 L - T3 LUV
BEOEBRBD L TND,

4. i

PLD JAIZX Y ZnO % BTl FAZ D U/
FIZ AleOs & Target bulk IZIBA SHE D &L Al R—E
LY PL HIEREO B — 7 RIS HFEICT T
FENF, £-. PXRICEVXAF SHIE LRSI
BOTEMERC Al O R—712 L » T LUWEHIREE D2
RO LNTVD, 5%IFIN6O pn HOU A ¥
Y v THEEKO pn BEAEITV. B O RER O
HENEFEMTE D ELFETFOT A AMeEBFE LW,

X mk
(1) 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)

(2) K.Ueda, S.Inoue,S.Hirose,H.Kawazoe,and H.Hosono.
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Fig.1 Experimental configuration of PLD system for thin film
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Tablel Measurement condition of PLD method

LaOCuS ZnO
Gas pressure Ar 10?2 Torr 0 10 Torr
Substrate MgO (100) Sapphire (001)

Substrate temperature RT 400°C
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Fig.1 Experiment equipment of PLD method
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Table 3 Quantitative analysis of thin film that gave the

Ogz,Hs2 plasma processing

Atomic %

La O Cu S

Omin 25.3 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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* Crystal Orientation Analysis in Enamel Prism using IP
Micro-XRD
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* 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;2)xBa14TiO; 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;»)TiO3, some  sold
(K12Biy2)TiO3~(Na; oBi;2)TiOs and (K;Bi;2)TiO3-BaTiO;

showed  high

solutions  such as
are  synthesized and reportedly
electro-mechanical coupling factor (Kp) 0.4 in both
systems [5,6]. In the case of
(K»Bi;»)TiO3-(Na, ,Bi;,)TiO3, planar bismuth titanate
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, +4BaO — 8(K, ,,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.



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 (K12Biy2)12Ba 2 TiOs,
respectively. The (K;,Bii»),3Ba;sTiO; powder and the

(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.

Y
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;,TiO3;, minor
secondary peak was observed in (K;,Bi;),3Ba;3TiO; that
is synthesized by equation (1). This secondary peak is
enhanced in the same composition that was synthesized by

equation (3).

K12Biip)ysBaisT 03eq. @)

A
K1BiniBaiT 03eq. Q)
MU K 1B itp)2sBaizT03eq. (1)
A

10 20 30 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 BisTi;O1,. In the synthesis
method of equation (3), simple oxide of TiO, is used and
simultaneously Bi,0; 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

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. (a)
(K1/2Bil/2)2/3Bal/3TiO3, (b) (K1/2Bi1/2)1/2Bal/2TiO3

@

445 45 455 46 46.5

29

crushed

445 45 455 4 465
29

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



Microstructure of the sheet specimens are shown in fig.

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

material. The obtained high aspect ratio powders were
identified as tetragonal perovskite by XRD and a small

amount of secondary phase were detected in

(Ky2Biy)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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Fig. 7.1. Schematic density of electronic states for a semiconducting single-walled
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= carbon nanotube. Van Hove singularities are labeled with “v” for valence band and

\/*\ (i) HiPco 4c? for conductionsband, along with subscripts giving the sub-band index, Vertical
: S arrows show intense optical transitions for light polarized along the tube axis
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Raman Shift (cm™) S.Maruyama, et al. New J. Phys. 5(2003)149.1

Alg Radial Breathing Mode (RBM)
Figure 4. Raman RBM spectra of the samples compared in figure 3, measured
with three different excitations of 488, 514.5 and 633 nm. At the top, the Kataura
plot calculated with yp = 2.9 eV and a._. = 0.144 nm is presented with the
horizontal lines of the corresponding laser energies.
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S r I ‘M J.Otsuki et al. Langmuir 22(2006)5708

Figure 3. Array of Ce(COPP); (20 uM) at the 1-phenyloctane—
HOPG interface. (a) 50 x 50 nm?; tunneling conditions: /= 2 pA,
¥V = —1.3 V. (b) Magnified view (10 x 10 nm?), highlighting the
square shaped molecular images. (c) Molecular models consistent

with the STM image. Alkyl chains on the upper porphyrin rings are
omitted for clarity.
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FIG. 2. Simultancous SFM images of the same surface area of STO, 7,
=800 °C, reveal (a) a map of the topography and (b) the lateral forces. The
normal loading applied between the tip and the sample for imaging was
estimated to be F,,= 17 nN. The topography data were corrected by fitting a
planc along a single terrace to align the terraces horizontally. This allows us
to analyze their vertical separations in detail. A profile, outlined by a dashed
line perpendicular to six steps, is plotted in (c), beneath which the corre-
sponding friction contrast along the same line is drawn. The lateral force
contrast reveals two values, which correspond to a friction contrast of 90
+20 pN. Only when the friction contrast changes from one terrace to an-
other are they separated vertically by a (n+5)-UC step. The TL of STO is
schematically outlined and correlated with the colors according to the
atomic model in Fig. 1. Higher friction — the blue area in (b) — corre-
sponds to the SrO TL, and lower friction — the yellow area — corresponds
to the TiO, TL (pss0/irio,~3/2). The friction contrast images clearly re-
veal a map of the lateral distribution of TLs.

SrTiO; SO/ TiO,/ StO/ TiO,

J.Fomoeyrine et al. APL72(1998)1697
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FIG. 3. (a), (c) show a set of surface potential profiles for a BC TFT with a

FIG. 2. Topographic (a), (c) and corresponding surface potential images (b),
(d) for BC and TC TFTs. ¥,=—10V for (b), Fp=—35V for (d) and ¥;;
=0V for both cases. Labels § and D) indicate the source and drain elec-
trodes, respectively. The solid vertical lines indicate the edge between the
contacts and the conducting channel. For the BC TFT, length (/)/width
(w)=10 um/100 gm. For the TC TFT, the //w=16 p#m/300 x4m.

Vo=

schematic of the device at the top for reference. For (a) ¥p=—10V and
40 to —40 V. The profiles are artificially offset for clarity of viewing.
For (c) Fo=—10V and ¥=0 to —20 V. The channel length as defined by
the lithography is 10 gm. The outer dashed lines indicate the edge between
the contacts and the channel. (b), (d) show a similar set of profiles for a TC
TFT. In this case, the channel length was ~18 gm. The profiles in each
device were taken at the same spot in the channel. Zero bias profiles are not

subtracted from any of the data shown here.
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Input requirements:

CW modelocked Nd:YAG oscillator
Power:

Pulsewidth

Wavelength:

Stability:

Beam Diameter:

Polarization:

Output characteristics:

Energy (@ 355 nm
Macropulse width
Repetition rate

Beam diameter (mm)

Polarization

#BEL
Jzoomw Il FRRE 8
50 ps nominal
1064nm
<2% RMS
2-3mm

Linear, horizontal or vertical

=71.5mJ

20 microseconds
125 Hz

2-3mm (nominal)

Linear, vertical

89.25MHz
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Figure 2. The conventional X-ray diffraction patterns for the
Graphite (Left), Calcite (Middle), and Fluorapatite (Right) min-
eral crystals. The vertical axis was scaled arbitrary and shifted
for ease to see.
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