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DESIGN SYNTHESIS & APPLICATIONS OF NEW

(THIA)CALIX|[n]ARENE DERIVATIVES

Kunda Uma Maheswara Rao & Fumio Hamada
Dept. of Applied Chemistry, Graduate School of Engineering & Resource Science, Akita University, Akita, Japan
E-mail: drkuma8@gipc.akita-u.ac.jp

Abstract: New Phosphonated (Thia)calix[4]arene derivatives such as C4A-Phosphonate (2a), de-fert-Bu-
C4A-Phosphonate (2b), TC4A-Phosphonate (4a)and de-t-Bu-TC4A-Phosphonate (4b), which were modified
at the lower rims of C4A and TC4A, were synthesized. IR, 'H-NMR and Mass spectral data characterized
the structures of the synthesized compounds.

Keywords: Calix[4]arenes, Thiacalix[4]arene, diethyl chlorophosphate..

Applications: The following applications are under investigation for all the new compounds.
Evaluation of selectivity of new derivatives towards rare metal extraction, crystal structure and metal-

organic frame works (MOFs)

1. Introduction:
(Thia)calix[n]arene and their derivatives synthesis have attracted serious attention in recent years because of their tremendous

applications in the broad field of supramolecular chemistry.

Calix[n]arenes, an important group of macrocycles formed via a phenol-formaldehyde condensation. These are third famous host
molecules after cyclodextrins and crown ethers and exist in a ‘cup’ like shape with a defined upper and lower rim. Calixarenes have
hydrophobic cavities that can hold smaller molecules or ions and belong to the class of cavitands known in Host-guest chemistry.
These compounds form complexes with cadmium, lead, lanthanides and actinides (1). In addition calixarenes are applied in
enzyme mimetics, ion sensitive electrodes, selective membranes non linear optics (2) and in HPLC stationary phase (3). In
nanotechnology calixarenes are used as negative resist for high resolution (4).

Thiacalix[nJarenes have been the focus of attention in recent years because of their structural analogy to the classical calixarenes (5).
The presence of bridged sulfur atoms in the macrocyclic skelton of the thiacalixarenes instead of methylene groups in the
calixarenes opens new prospects for the design of host molecules. Due to the presence of sulfur atoms in thiacalixarenes, increases
the size of the molecular cavity than calixarenes, which allows binding with metal cations (6).

The structures of various types of calixarenes and thiacalixarenes are shown in Fig 1.

Rare metals such as platinum-group metals (PGMs) are using in automotive catalytic convertors to minimize the harmful gas
emissions (7, 8). Since the availability of PGMs from the natural resources is limited, extraction of them from the industrial waste is

an important aspect. Even though many commercial reagents available for the extraction of rare metals from the leached industrial
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waste solutions, selective metal ion extraction is an ever-challenging objective (9, 10). Hence continual search for the new

extractants, which are selective and efficiently extracts rare metals from the secondary sources, is necessary.

R
X /©\ X
OH Calixarenes: X =-CH,,m=4,5,6& 8

R OH HO R Thiacalixarenes: X =S, n=4,6 & 8

OH R = tert-Bu, H
X X
m.n
R

Fig. 1: Structures of various calixarenes and thiacalixarenes
2. Results and discussions:
2.1. Synthesis and spectral characterization of 2a & 2b:
2.1.1: Experimental procedure for the synthesis of 2a & 2b:
To a suspension of 1a/1b (0.0005 mol) in acetone (20 mL), K,CO5(0.004 mol) was added. Then, diethyl chlorophosphate (0.008
mol) in 10 mL of acetone was added drop wise. The mixture was refluxed for 24h. The progress of the reaction was monitored
using thin layer chromatography (TLC). After cooling down to room temperature, the solvent was removed under reduced
pressure. The resultant material added CHCls, and then washed with IN HCl solution. The solvent was removed under reduced
pressure. The crude powder was obtained, which was recrystallized from 1:3 CHCL and Hexane to give pure product 2a/2b.
2.1.2: Spectral data of 2a:
"HNMR (600 MHz, CDCls): 7.13 (s, 2H, Ar), 6.70 (s, 2H, Ar), 5.04 (s, OH, disappear when D;O added), 4.38 (d, 2H, bridged
CH,),4.27-4.38 (m, 4H, P(O)CH,CHs), 3.39 (d, 2H, bridged CH,), 1.30-1.38 (m, 15H), 0.87 (s, 9H); FT-IR: 3560 (OH), 1273
(P=0); Maldi MS: 921 (M"):
2.1.3: Spectral data of 2b:
"HNMR (600 MHz, CDCLy): 7.23 (d, 2H, Ar), 6.78 (m, 3H, Ar), 670 (t, 1H, Ar), 5.48 (s, OH, disappear when D,O added), 4.48
(d, 2H, bridged CH,), 426-4.31 (m, 4H, P(O)CH,CHs), 3.48 (d, 2H, bridged CH,), 1.38 (t, 6H, P(O)CH,CHs); FT-IR: 3530 (OH),
1270 (P=0); Maldi MS: 697 (M+2), 719 (M+Na):
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R R R
K,COs3, Acetone
y
Reflux, 24h
OH 4 OH CI) on )
P/
~
0” ok
1la: R =rtert-Bu 2a: R =rert-Bu
1b:R=H 2b: R=H

Scheme 1: Synthesis of C4A-Phosphonates (2a & 2b)
Inthe'H-NMR spectrum, presence of two doublets for the bridged CH, group of 2a & 2b supports the structure shown in scheme
1. 2a shows resonance at 1.30-1.38 represents the overlapping of tert-butyl group and methyl protons of phosphonate group.
Another resonance also appears at s 0.87 as a singlet for the tert-butyl group. The methylene protons of phosphonate group resonate
as a multiplet at 4.27-4.38 and 4.26-4.32 for 2a & 2b respectively. IR absorptions for hydroxyl and P=O groups for 2a & 2b
appears at 3560 & 3530 and 1273 & 1270 respectively. Maldi mass spectra gave molecular ion peaks at their respective m/z values.
2.2. Synthesis and spectral characterization of 4a & 4b:
2.2.1: Experimental procedure for the synthesis of 4a& 4b:
To a suspension of 3a/3b (0.0005 mol) in acetone (20 mL), K»CO; (0.004 mol) was added. Then, diethyl chlorophosphate (0.008
mol) in 10 mL of acetone was added drop wise. The mixture was refluxed for 10h. The progress of the reaction was monitored
using thin layer chromatography (TLC). After cooling down to room temperature, the solvent was removed under reduced
pressure. The resultant material added CHCls, and then washed with 1N HCl solution. The solvent was removed under reduced
pressure. The crude powder was obtained, which was recrystallized from 1:1 CHCl; and Hexane to give pure product 4a/4b.
2.2.2: Spectral data of 4a:
"HNMR (600 MHz, CDCls): 743 (s, 2H, Ar), 4.39-4.48 (m, 6H, P(O)CH,CH), 1.39 (t, 6H, P(O)YCH,CH)1.12 (s, 9H, fert Bu.);
FT-IR: 1282 (P=0); Maldi MS: 1264 (M"), 1287 (M-+Na):
2.2.3: Spectral data of 4b:
"HNMR (600 MHz, CDCls): 6.98 (s, 2H, Ar), 6.80 (d, 1H, Ar),4.354.41 (m, 4H, P(O)CH,CH), 1.38 (t, 6H, P(O)CH,CH;); FT-
IR: 1266 (P=0); Maldi MS: 1040 (M), 1063 (M+Na):
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R R
K,COs3, Acetone
y
S Reflux, 10h S
OH 4 <|3 om 4
p e
~
07 ok
3a: R = tert-Bu 4a: R = tert-Bu
3b:R=H 4b: R=H

Scheme 2: Synthesis of TC4A-Phosphonates (4a & 4b)
In the'H-NMR spectrum, methylene and methy!1 protons of phosphonate group appears as multiplet at 4.394.48 &triplet at 1.39
for 4a and multiplet at 4.354.41 & triplet at 1.38 for 4b respectively. The presence of all aromatic protons for 4a & 4b in the same
environment support the structures shown in scheme 2. IR absorptions for P=O groups for 4a & 4b appears at 1282& 1266
respectively. Maldi mass spectra gave molecular ion peaks at their respective m/z values.
Conclusion: In this study, we successfully prepared four new derivatives of (thia)calix[4 Jarenes. The applications of the
synthesized compounds is under investigation
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Table 1. Conductivity enhancement of PEDOT/PSS films by ' ' ' ' '
solvent vapor treatment at 35°C for 60 min. 700 L o
Solvent Conductivity (S/cm)
Dimethyl sulfoxide (DMSO) 420 600 - © N
N,N-dimethylformamide (DMF) 326 T 0
N-methyl-2-pyrrolidone (NMP) 236 @ i " o i
Methanol 391 E‘ 400 |- o 5 |
ethylene glycole 233 g o
ethanol 144 E 300 P .
H,0 28.1
Nitromethane L7 200 - )
Propylene carbonate 17.0 o |- |
Acetonitrile 16.9
Chloroform 16.6 0 L ! I 1 ! !
Acetone 15.2 0 10 20 30 40 50 60 70
Tetrahydrofurane (THF) 12.0 ) . . time (min)
Ethyl acetate 7.9 Fig. 1. Effectof immersing time in methanol vapor on the
fiGte 6.2 conductivity of conductivitiy of PEDOT/PSS films.
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Fig. 3. Macroscopic morphology of the PEDOT/PSS
films measured by laser microscopy; a: untreated, b:
Fig. 2. DFM images of the PEDOT/PSS films. DMSO added, c: DMSO vapor-treated, d) methanol

vapor- treated.
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A2 2 ALIRIE KoONDOsF R B3 b -2 AR L 0 b EiEtEZ R LT,

F—U—FK:Nb &4 2 YLK, BR<aT2h A LAY, BEE(LKERR
BB

KA : Nb F 4 VEAKE, BRIEKRERER E LTHRAT SROBR{EAEE LT
DREHVEOMEESHTLVSS, FHARICKYERLESAKIE, —clAZETS

CEITFEAHY, COMABBERCERDIBMEICEREEERET S L RIS
had,

L B

JERANT T 2 A MUYEEY) KNbOF 1, <1
TATA MEERE & AEAEEE N EAE RS T
Ruddlesden-Popper B Dffigbt#iE A & % (Fig 1) . %
7=, KPR 5721 TR E MR 2 IR
D77 A MEDEE, muA NERNP SO
HZENEENTNS Y, ZHE TS Of A
FIALT, 7% b Y XAF VR PmEEER & 0
HOEAREERIEDZ Elck b, BRIKA A
VIEE AT DA TRES RO, A VSRR E
RRETNG 2,

—F, Nb B A VLR, EEELKE (HO0,)
Al L U BB AT B Ll b 70 5 = &
PEESNTVWS Y, 72, KNbOF KA Nb ik
ELTHELND A VSR, BEMEKFEE W
7oA V7 4 DR AR LTl Z A3
B 62> TS % 20D KNbOF Hik4 v
T2 AV ZHARBRRICB T DHIFLER A = X L%

EBZ2DE, OSBRI KNDOSF (TR E LTk
L TWBHZ EnD, KPTHRAIZTZZ 7 AR
{E U723 & S EiEMEAIR L O TEOS & s LT
HEEZOBND, ZDOZ NG, ¥MiRE L
LavA KRS AV SHARDOERKREITO Z &

)

)

Y ]
Fig. 1 KNNbOF DiEEAiE
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T, KB —RF A TELAERDOIR S e & 2
77

Z ZCAWFIETIE, miEtE Al A B &
L T K;NbOsF *ﬁﬂ{%%&wktljffﬁ"# LCagA R
Wik & L, KNbOF =21 R, TEOS, P&
PEAIZ D CHHR A Y 2RO G A T2 T2, 15
SNTZ A Y ZFEIZHOWT, HIfERB IO 7
1A AR USSR EIZ DWW TR L, B
KD KNbOF 05155315 S UK & OiFNE % Ll
L7,
2E B
2.1.1 KNbOSF 22 A RESIRE HBEFEE Lz X Y
ZHAEDOERR

KoNbOSF A RIEiR (AR 2 m A REKR) 1,
KoNbOSF 37K 5 g % 500 em’ OZRRAKIT/H L 24 h
BRE, 1 um DAL T LT 4 VA —TAHilT 5
ZLICk PR L, Zoan A RiEiE ICP 3
HAIHARIT V5347 L, 42.1 pmol-cm™ 0 Nb 258 %
NTNWDHZ ExMER LT, 2RO ARIE, LT
DFIMEIZ L VAT o 72, HBEEEOE LN
CTMACI: Si:Nb:HO=1:x (x=0, 05, 10,
20, 36, 72) 1y (y=025 05, 1) :1700 75
Loz am A FERIE 14, 28, 56 em® & ZKEEAK, 02
mol-cm® C,TMACI 12 em’® 35 X T TEOS 0, 0275,
055, L1, 20, 40em’ZE&/"F 775 ZAaNTR
ALl ZORAWZ 50 CT3hiBEL, Gbh
Tk % i, W, 225 500 °CC 3 h BERR
L7z, BbizikhE X #EWrE (XRD) , @il
TUEE TIRIEE (TEM) 2212 X 0 i 2 554l L7,
F7o, EBFERWHEEICI 0 RS (BET f#) |,
HIFLE A (DHFRMT) % 3Red7=,
2.12 K;NbOsF iR E HRERELE Lz A Y ZHED
Bk

HFRIEEIOE /LA C6TMACT : Si: Nb : H,O =
1:72:1:1700 (224 R¥iE 56 cm’, TEOS 4 cm’
DL E L& LV &% X912, 02 mol-em®
CiTMACI, TEOS, 7KE7K, KNbOsF ¥Rz RA L
R E RO L > TA Y ZH R E ST, 5
DIIZ A Y ZAK%E SiIND & FKGid 5,
22 V7 u~Fk L OBRHEBERT X 5 st
i

A7V 2a—FIZT® =V (B 475
mmol, 7~y (RUGEE) 25mmol, iz
fbksE ER(LAD 2.5 mmol BXL T, BIET, 150 °C
T 1 REHRE L 72 A V2R 10 mg N2 #EA L
50 CT2h#HE LT, 2Dt%, OB X v fili

o BE LT, RBARIERE T A e~ NI T
4 —=lZ LT LTz, 61T, EBERAK 01 g
Z3 b U 7 2OKEE (142%) 5 em’ & 1 mol-
dm” ¥k 3 om’ DIREGIAIKICINZ, FAREET bV
7 LRI E D E L, HO0, DR %A RDT=,
MERLBR
31 A Y BHEDOER
TEOS BT E LT, uA RiFHiZ 56 om’ &
L, TEOS # 0, 0275, 055, 1.1, 20, 40cem’ & L
TAYSIRDOEREST- T2, Fig2, 31ZENTN
BERET#% DBl XRD /3% — > %7Rd, Fig 2 &
D, TEOS ZWIIET AT LIV RN T A THE

A\ d=4.8nm TEOS 4.0 cm®
[A\___ d=4.0nm 2.0cm®
3
3 ) d=3.9nm 11cm’
=
é A____ d=4.0nm 0.55 cm®
[
\___ d=3.6nm 0.275 cm®
o
28
o
LNL?L 0 cm®
1 5 10 15 20 25 30 35 40

26 (degrees) CuKa
Fig.2 JOAK%#& 56 cm®, % TEOS BT
\/oNT-£ERMID XRD /53—

(1BERAT)
N\__ d=4.7nm TEOS 4.0 cm®
_ |~ d=4.3nm 2.0 cm®
=
s
2 | 1.1 cm®
g
kS
0.55 cm®
| 0.275 cm®
1 5 10 15 20 25 30 35 40

26 (degrees) CuKa
Fig.3 JO0/F&i& 56cm’, & TEOSET
[onT=4ERMD XRD 15—
(BERRAR)
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EE U CHREAHT T& 722y, TEOS 2J 5 &
=2 DMEAFEERNCRE) L 1.1 cm’® Tk 2d-S
ELTHREMNMTITHZENTE, Z0Z &b,
TEOS IMIEIZ L »C, A HEEIHST 2R
&N T 5 Z o7, ZiuE, TEOS iR
IMENZE L 705 2 L THBIBE AR EZTERT 5
FIEEVERI SR LT & B2 b D, BERE
ko> XRD 2% —> (Fig. 3) Cl%, TEOS 20, 4.0
em’ IZB W THEAERIC B — 2 2R TE 7228,
TEOS 0275 ~ 1.1 em’ TIER. B0 lz, ZDZ
LD, TEOS DD 7S CIIBVE EMED E
U B EREDTER S AT, BERIZ LD AV HEED A
hiztEzons,

Fig. 4 |2, 1572 A Y ZAARDZE RS S5
TR &ML T A7 T, TEOS20, 40 cm’ TEHAL
Te AV ZALIRE, FEXHE plpp =02 ~ 04 128V T
HEROBEMNR N, F7-, DH IEIZ L DT

350 T

w

o

o
T

—O— TEOS 0.275 cm’ ADS
—— DES

——TEOS 0.55 cm’ ADS
—-— DES

—O— TEOS 1.1 cm’ ADS
—— DES

—Z5~ TEOS 2.0 cm’ ADS
—A— DES

V" TEOS 4.0 cm’ ADS
v

Volume Adsorbed (cm®g™" at STP)

0 0.2 0.4 0.6 0.8 1
Relative Pressure (p/p )
2.0 ———r—r—rrrr
(b) —* T TEOS = 0.275 cm®
—— 0.55 cm’
15k —a— 11em’ |
—h— 20cm’
e 40cm’

dvp/diogdp (cm®g'nm™)

Pore diameter (nm)

Fig.4 J0AR&# 56 cm’, %& TEOS &
TRLNI-ERND (a) RREE S
RIRE (D) HARED

Ko THR LIRS L VK 2 nm DA Y fLE&
BT HZEDPHERTE, LEOREEND, RIE
(2 & 2 TR ERIR S et 3k 2 22 7 i FLEE
BWERTHA Y ZHAMEESLT-DIZIE, TEOS 23
2em VL EVEETH S LHEER S NS,

WIZ, avA RFEREORETE LT, TEOS %
40em’ & LT, v A R 14, 28, 56cm’ T
ST AURDORIALINE & HIFLE > i % Table 1,
Fig. 5 \& 9, WU T, FmEiEMEA»
BIL 72 s TR LTZ2 ~3m DA VILEFETAHZ
MR TE -, &HIT, 2o FEHKE 14 an’ T
BoN=ZAUETIE, 21 mm 2RI L5 10
~50nm DA VILEATDHZERH LIRS T,
ZDOLHIRD TEM 4% Fig. 6 (2T, TEMBIZIC
LV, ¥tF ) A— M O—RRI TN EE LT,
TR R L CWD Z ERER I N, &5
(2, BEEE LRI R oz 2 &b,
10 ~ 50 nm OFFLITRI T-RIBRICHERT D D EE
Z bbb, ), zuA REHE 56 can’ TELIE
A Y ZFUURIT 100 nm PLEO—Vki- TRk ST
W, aaA RIEEBDIROEFICBWT, —k
RO A ZW/NEL 72 T2BHIZ DWW TIRD K

Table1 TEOS4cm®, EIA/KE&KET
#/oni- A/ S EOMTL I

a0 bE  LHLREE RERMFLE
(cm’) (m’ig) (nm)
14 619 2.1 21
28 701 23 —
56 711 24 —
2.0 .

¢ an(R%% 56 cm®
* 28 cm®

= 14 cm® T

-
(6]
T

dvp/dlogdp (cmsg'1nm'1)
5

o
()]
T

Pore diemater (nm)

Fig.5 K:NbOF OO Ki%&% 14, 28, 56cm’ T
AN BFGOFLES R
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Fig.6 TEOS4cm® JOAKE# 14cm’T
Bon-2H40 TEM &

INTHEE LT, 2o REKIX, TEOS OhNKsy
fii « HiFO S EIEET A2HEZ L OEB O
o D=, ATA REHENZ 28, 56 e’ D
WAL, TEOS MU SO LK E e — ki 7%
BT 6 b D EFE 2Tz, i, anA NEEDS 14
o’ DYFETIE, TEOS DMK R « EEA IR
DHEE SIS W, RIFRRESEE T R
=V ORIADER LN D EHEER LT,

32 V7~ ORI X 2 iy
B3]

Table 212, TEOS 40 cm’, =1vi1 REK 14, 28,
56 e’ TEOLNIZ A YV EAURLE, SiINb Al L
7~ EDT 7 a~Ft o OB SR ERE RA
Y, Table 2 KU, WO am A REEHETH
BN A Y ZHRICBNTYH, vZankdtro
HR LA 40% %R L, ZFLIK SiNb & bl LT
Wi LR L e o7z, T, avuA RER» %
EZ G L2 & T, {EHERETH D Nb H3E ok
LizZ bizka B2 on5,

WIZ, &avd FEKRECHELN-ZUK%E H
Wb ZORERET D L, Wb B0, #s(k

THRK) 80% &0, vra~Fr LRI

2IEREREL hol, £, TRFL VI uAFY

VOBRPERIT I v A REEREOHINZ R E L

T2 Enn, AVEZHMRZEEND NoHDHWIE K

IZE - T, HO, R ARE T L7 a0 hfiR

FIiehiEETnb EEx bbb, LEEB-T, =

1A RERNOHRLILD A Y ZILETIE, 1HMERE

DR L2120, AOREE L <7220y HO, DH

ORI D 3R Z S ERZ LTS Z &

REEND, O, REREE RO ER E

DUCERAEPERG S O Fif bz K 0 iz E

VEMEE R T Z E R HIRR SN D,

4.5 =
KoNbOSF 22 A R¥EEiR%E Nb & LC, #illze Si

AVEHKREARK LIZ, 2D & & an A, FRKRIC

£oT, ZILKROMADMEEZREICE D2 L03D

Motz E£72, Bl A Y ZHUKT HO, 2

LA LAETE M 2 5 2 & D BEREIRANTR O

Fefbfibiit o U CHIfFCTE 5, SHIZ, 2rA N

BB LI DAEED J53, VR {EsREs LU=

R VBRMEZRT 2 LD, S%iEEE{EKFED

H iz s+ 2 2 & TREARAIEMEOR EN R

IAEND,

3 W

1)K. Toda, S. Tokuoka, K. Uematsu, M. Sato, Solid State
lTonics, 154-155, 393 (2002).

2) M. Ogasawara, S. Kato, H. Tsukidate, T. Akaogi, Y.
Moriya, S. Nakata, Chem. Lett., 33, 1138 (2004).

3) M. Ogasawara, S. Kato, H. Tsukidate, T. Akaogi, Y.
Moriya, S. Nakata, Chem. Lett., 34,208 (2005).

4) 1. Nowak, B. Kilos, M. Ziolek, A. Lewandowska, Catal.
Today, 78,487 (2003).

5)JM.R. Gallo, H.O. Pastore, U. Schuchardt, J. Catal., 243,
57 (2006).

6) RAMEAE, FKHRFRFBEE L7m0(2009).

Table2 TEOS4cm’, IR/KEH 14, 28, 56 cm® TRALNI=AVSAEE LU SiNb ZfisstE U THL V=D

TRIEEME RGBSR
JAARE yanxtty H,0, IRE o0ty VST Py ek
(cm?) BrEE(%) ErL (%) EIRE(%) EIRE(%)
14 40 80 40 16
28 39 79 28 20
56 39 78 19 20
SiNb 24 60 20 21
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FEREAFVERSABDEMEDFHRE

/NBFERE D, /IVEISTERN Y, N >
(R Fp— s EVRA - FRT WY TGRSR LR )
katos@gipe.akita-u.acjp

BEEE - RWFECldE4eE (PLPd, Rh) O HEN DR &b EmWPET 2 biEME %2 R
TR OB, FICIEMERCTH L2 ELBOMELZ N LS50, B4EAHET
LR OB e U CHERT ABIEMMBHER 21T 7. A7V —7 132
NETIZTREA NUTF AT 2 NZEBL, La A M7 A ) &R A A
VEEBRT L ETHRESAMET S EERLTWS., REEIIT ALY LEE
RN ARFRWNE M A 532 2 EBMIFFCE D, ANV RBEGH LET K
A N A FRE A R & U7 B R AR O R ALK R LIG MEREAG & 17 - 7.

F—U—F: AR, VR, T8 F A bR, il

SR

INETIZ, WL OO T %A NMUYEWIESEZ B Uil 2R L, =5
H A% RNTZRHME 2T - T 5. ZOREE, 1k BB AR & L CRIf ST
DTV R P L O S EWEET R WEEE AT A Z AR LTEY, &bk

DRARLORRET, @RS AROTIREOBRRIC L 0 @R b it & 5.

WEEPHRE © THET AYLHIflEE) « RRBH 2007-144412,  THED A LHIfkAE) « H¥BH 2007-
144412,  THEW AL OV OGS E) - FBH 2007-117852,  THESRT 2B
FbdSE R OMEAAS ) IfE 2011-113859

PEH AP E ENDEERD TH D IRLKFEMHC), —{LIKFR(CO), EFRMLPINOX)EFLT D120,
HEEICI L4 (P, Pd, Rh) ZIEMEREE L7 oo S ST g, o, = oo BHFRsmgE
IZBWTIE,  “MEEMEOTR & 722 5 B BOEHENT & Mg L ~OLOmANE e EotERgn B
EVVD, WD T % 2 DOREE RIRHIARRT 5 Z EARD DILTW S, BIE, —sofititorkhem
ZHAIE LT~ ORE % OBEH ORI THOITE Y, BEEWRAEOSC)Z > CeO, Rtk V) 0k
SBROLHCENHIT D0 T A DA MR BER SN TS, TAh Y BEEREAT F A MY
AR AR S Uis Pt fRBEE CHs BRLEUGIZS L CEWEMEZ /R L, TEMERBURIED, T4V 135
SROBLEMEEMRNE S RIRICA S Z LSS L Zhug, To8F A MRS A A~ O
FMEDO DY CHRBEEMED ] HIZBHRATHD Z L2 RB LT\ 5, AWFIE T, K0 @iEtEafidito
FFAZHPE L, 748 ) HEeR I bEREEEORWT VD) &R EER Lz, T/3% A M
ALagSigOn FHFF Pt (A = Li, Na, K)ZFHHL U, CHeJRBEIR M2 RF L7z,

2 X B

ALaSicOs (A = Li, Na, YDA U EERESENEIZ K> T To 70, HIFSEEIE LT, LaOs, SiO 38 KUY ACO;
(A=Li,Na, K)& F\ /2. HFEEEIOIRAEIE 1T Lay0s:SiOsACO; H(mol)Z A =Li, NaDFA1145:6: 13,
A=KDEHE1T45:6:2 & L7z, BFERZERRS, #2857 0Ly ML, 2257 800~1200CC 6 £/
VX hAEITBERE, I, FERBLA AR IR AT 572 BER ORI TR X BRERTEXRD)Z L 0 HHEE 21T
ST BHITE ALagSisOx (2, PHHEFFRED Imass% & 72 % 1 9 12 PUNH:)(NO,), KV Z 5= L2250 600°C
T 3 h OEERETT, HEF P2 157-. £7-, GHLIISIZRT 5 ALagSicOx FIRDEENZ DUV T
AT 572 ALOIZ[RIERIZ Pt Z4HEFF L 72 PYALO; & ALaSicOx A FLELEAN 11 1 £72% KD IRE L7kt 23
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BTz, CHe Oy U TR 2 il Gt FA | % T
PR S g 2 T, il 01 g 12X L,
C3Hg(1500ppm)-0,(9000ppm)-He(Balance) i & 4 A % i
500 cm’/min (W/F=0.012 g * slem’) THisd L, 200~600°C
DIREFIPH T T 72
3 WREER

Fig. 1(Z PYALagSisOy % JH\ V= CHeO, SUSIZEBIT 5
CHg B VR OIREERAFIE A 75T, A = Na, K DAL
200°C LA F DRIRIE A IR RBL L7z . di(bEn
50% 2T DR (Tso) D F511E A = Li (240°C) > Na
(197°C) > K (190°C) TH Y, EA LTV H U EED
EREHEDN NS WEERIRTH T,

PYALagSigOn (= CO, 2 WA ALBR L 7= fidihi 2 F N7z
GHeOy I H31F D CHg Ha b3 DR LR fF M %
Fig. 2 (T~ CO, WA LR U 7= filfit ClIRALER D
B HANIEMERBIRE DS 25°Crik 7272, Betes
ATHD CO ITHHEES FITWET 22, Pt BIZiTiE
EAEWAE LN EnD, IR EOWIAA CHs
PRBEEPEDORBUZ A G L WA I ENBEZLND.

Fig. 3 1T PYALOs+ALagSi¢Oss IR A il 35 L TY PYALOs+
ALOs A A N2 CiHeOp SUSIZET 5 CoHg s
{EROBIERAFEE /Y. bl & LT KLagSicOys %
WG D CoH B bR DIR AR EME % [RIRF R T
KLasSigO % iRA L7l c 3T ALO; Z1RA LT
fibfit XV BAKIE T CHs BR(LIEMEDSRBL L=, F 72,
ALagSigOn Z1RA LT fifEoD CHg e LI E D FE BRI

DFFiIE A=Li 275°C) > Na 250°C) > K 200°C) TH V) ,

PYALasSicOs & FHV 2 CHeO, BUSIZI1T 5 Tsg DIFH
ERILTHST-. DI D ALagSiOx DHEFEAIZ
BT GHe 23EMAL 41, 300°CLL FOKIR T C3He
VU Z e L CND 2 EnEZ b,
A % B

T ERERT ™2 A N A BEEAR: Pt fil
AR, CoH MGG ME A 514N L 72455, 300°CLA
TORIRIZIBNT PYALO; £V b CHg $n{bR %
IR ZERHENE IR oTn T, T A N
A BRHEAR O IE N BT GH, DNSEH b S Tns =
EDRB I Tz AWFIEIZ LD T oRE A N A R
R OMAR 22 2 5 Z & CHREEMEOFE123 AT HE
ThHdH I EWRESNT-.

X i

1)M. Ozawa, J. Alloys Compd., 275277, 886 (1998).

2) H. Tanaka, M. Uenishi, M. Taniguchi, I. Tan, K. Narita, M.
Kimura, K. Kaneko, Y. Nishihata and J. Mizuki, Catal Tod,
117,321 (20006).

3) A.Ono, M. Abe, S. Kato, M. Ogasawara, T. Wakabayashi, Y.
Nakahara, S. Nakata, Appl. Catal. B, 103,149 (2011).

100 W—@—@—-@—M
;'\; 80
5 ?[ T
E 60 ﬁé I
]
Z 1
g 40 —O—Pt/LiLa,Si0,,
el // —+Pt/NaLa,Si,0,,
o 20 }L ——Pt/KLa,Si,0,;
ogﬁ

100 200 300 400 500 600
Temperature (°C)
Fig. 1 PYALasSicOx5(A =K, Na, Li)% FiV V72 CHeO, G
BT D CGHH LRI LA

100

< 80 //

S J

D 60

(]

g 40 —8—PtiLiLa,Si,0, |

T [ l -8 Pt/NaLa,Si,0,,

o 20 / ——PtKLa,Si;0, |
opﬁiﬂ)
100 200 300 400 500 600

Temperature (°C)

Fig. 2 CO,WEAER D PYALasSIOx%(A =K, Na, Li)& U
72 GHgO, UM Z 31T 5 GHgRRfb =R DR EE (R AT

100 F,m 28—
= X
§ 80
&
‘» 60
4
g —O—Pt/Al,0,+LiLa,Siz0
g 40 —{—Pt/Al,0;+NaLa,Siz0,,
) —/—Pt/A1,0;+KLagSigO5
T —@—Pt/AL,O,+Al,0,
(5’ 20 ——KLaySig0,,
0d—a: Sg}l

100 200 300 400 500 600
Temperature (°C)

Fig. 3 PYALOs+ALaSicOys i A Al A =K, Na, Li) % Fiv 7=
GHeO, B I B GHG R L ERDIR BRI
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EEERITRESUNI 7L A FROER LA 7 LB

=

H

=

wmo— MR, ek R AL, @ OK fa A, R #

(5 2057 —7)
hara@ipc.akita-u.ac

BESE - Ni JeA4 BB 2 B L L7z HE 72 5 ONZ Al OBENTIZ X 0 B EIED @V Ni 70 2
A REEOERIZ T o 72, & <IZ, Ni T/ F A RIERICBIT 5 HE OG AR S Ofli#l 2R Aa 7z,
IZ, ERLIENIT AT A NEa—T7 o o Z73BHZ W T ER, BV 7V otk
TR Tm, FOREE, HEAWNENICEA S NI TV 2T A FIERE WY A 7 Wikt 2695
ZENDroT,

F—U— RN ERUEENE Ni7AVIFAR, i#ka—FT 47, ~NT7=0 A

SERM

BE, ¥—v o7 L— R ldmigba—7 4 v 71L, AEMREFEEE L, BZES T A~
BEHETERIENTWD, UL, ZOFETTIEEDNZ NI TR, &z A iE<L,
TGy aR hbEy, —F, AECERAT AREEENTAL, Ko X N OEESRE, AlD

D=7 4 IR EERITE S, Lo T, RFETHB LD T —7 ¢ I MERIS I
Db, THEMCEMESND 2 LMK SN, AFREIT, Ak 234R8, ISTOFS 27—
PRRZ A T IR S, BIE, ZOFEZREFHGETTHD,

1. [XL®IC

AT RV — AR ClY, PR AE LR W57, BREET AREOERIEBK 5T\ D, REE
T ADEIRMEIZ R, HEERE AT D IEVE ST (LA 575 2—T 4 VRSB L 725 TN D,

Mg 2 —7 ¢ o ZhEE e LTI, @ ALO, BiFEA 4T 5 Ni 7L A RINELETH D,
UL, Ni 7T A RIZOWTE, WA 7 2500 D8I C ALO, FRBEARIBE L, Mgt Em:< 72
D VWO RENS D, ZOREZ RS DI21E, Ni TV FA R~V BOFEMEROEINNEZTH
52, LiznoT, DEOFEESEZ G NI T4 RIEYA 7 VT CEetrt 284 52— 4
Ve LTRSS,

Ni 7L ROa—7 4 70201, ZHETPW L BERE EREESFH SN S, Lo,
WTNOFELIEBNEMETRE A N, Fo=v 7 aRx RENE W RERH S, —F, EE513D
NECTLiea—T 4 7 7avATHLEIHEACE VNI TAI A ROa—T 4 v T A TET, &
HHEIIAERZ R L 32 Z LN TH LD, TEMEGES AL 3SR BENr Sy, LT,
A OISR A AR U TR ERRIB L OV AL 28I L, &SRB L2 &S NI 7V NIEZ K
LC&REY,

AT, IEERBRO—DTHS HE IZHFH L, Va2 ik s U7z BERrEImEIC LV HE 25T Ni
TAIFA NEOERZBIE L, £<IZ, Ni 74 RETIZEITS U OSHEIERS 25 = &
ik, MiHA 7 VPRI RIE T HE O S HIR S OB L Ti~T-,

2. EEBA*E
HMEHZIL, 77— 27 B X 0 /ERLL 72 Ni-10at. %Cr-8at. %Al &4 & H L7z,
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LS, HE OFHARS ZERTNG TV T A RBEORIBET v A48, @I HE OFHREE b RS
TL57mEAT, G@ LICHE EHTZ 0.6 ks {77288, N fMT& 3.0 ks 1TV, O AL HHTZ 3.6 ks 1T
o7z, O)IIEAEEZ 2 BRITRS T 57 EATHD, G4 LITN BT 2 0.9 ks 17V, RUT HE FEAT
% 0.6 ks 21T\, TO%Ni T2 2.1 ks TV, IRFRICAL T 3.6 ks To72, (OIFEAEEZ 3HHEIC
T D7 A Th S, A4 LT Ni FBHT % 1.8 ks 71, KUNT HE BT 0.6 ks 2970, ZO% Ni &
Brae 1.2 ks 170y, HfRIC AL #fT & 3.6 ks 1To72, (DIFEABERHIESTH7 AT, G4k Ni
BT 2 2.7 ks 17V, IRUNTHE BT 0.6 ks 2170, ZDH% N T4 0.3 ks 170, fiefk AL IZAENTA 3.6
ks {T>7

Al 38 KOV HE OIS YT /VAHRRD NaC1-KC1 FFIZ AIF, 368 X OVHEF, % 3.5 mol %N L 7= famiti 2
S U7z, IR 7T50°C & L7z, AL, HE OENIL, HWEMZ T —1.4 V BXV—1L8V (s
Ag/Ag"(0.1)) & U CEBMEMZ L VIT-72, Ni BB T, EBFRICY v Mg (600C) Zfi L,
20 mA/cm® DFEFEFTFEMFIC L AT~ 72,

A 7 BRAGERERE, 1150CORRP TIT o7z, b 1150°C £ THAlR, Z ORI 3.6 ks fREFL,
ZDO%ABEESIF NI T Z EIcivam L, Zha 1A 7 e L, ik 60 1 7 L £ Tkl
EiTo7,

3. HERLER

3. 1 {EE LN 7ILI T4 FIRORRES K UMLK

2 @~@iz, M1 @~WMIRLZEN7 o A TER L NI 724 RIEOWEGE (SEM 55t
M) &R O T A UaHTRERE R, ARk E S EM G4 EIZ 50~60 um JE X D72
SNz, (@ et RTBWTIE, HE 25T 0 Ni 70 F 1 FiEE TS SRR Sz, HE &
EiemEl I HE & Ni Ok S, AL IXTZEAEEENR o7, HE ZETerEkOIMINT NiAl B Rk S
ni-, ®), ©, )7etvx7TlE, H 258180, ZONEE CEmIT S, Hf 2512138 8 at%h
DHf W& ENTz, HE ZETEOMRIIENLAL BASER Sz,

3. 2 YA UIILERILEE)

318, @~ 7avATHERLZNI 7T A FiEEEa—T ¢ 7 Lzl 1150°C, KEH T
WA 7 M LRBROFERZ T, HiROT-OIZ, AP Ni-10at. UCr-8at. %Al H4x & HE 25 E 2 Ni 7L
A NEEZa—T 0 7 LIRBIORER bR T, RIS SB IO HE 25 £ 20N 7T Mg
a—7 ¢ 7 UTRRECHE, BRI ORBEC L 2EEMD 2R LT, b), ©BED () 7FmvRXTE
LR T, FRRICERRO N BIE S, L, TROOEERDIL, RUEASEBION 25
2V N TAITA PEEZR a—T ¢ 7 UISRBHE D b/ h&EoTe, —T75, (@) 7a e A TR E A
BHCIE, BEERONI D 59, BAFARTY A 7 MM EE R LTS, PLEORERNS, Ni TS A R
I HE 288 S, Hf SARSZES THZ &L, Ni TAIFA RiEa—F ¢ > Z3EIOmY A 71
FRLIER @< 725 2 EMbnoT,

3. 3 HAHNLBIEHBREDON 7ILIF4M FESLUVERT 2EMEREDREE

412, @BIOW 7r2ATERL NI 7oA RiEa—T ¢ Z38ED 60 Yo 7 ViR
BOWNREE L T A VN RE T, bAoA 7 V(b2 R Uiz, (@) 7 et A TER UK
WIFESK 60 um Da—F ¢ L IBENEEL S, T RIS ALO, SRR DB LR AR LT 2 &3
DD, ZOaA—7 ¢ 2 TERIZITR 20 athd Al BNEFENA TN D, Ni-Al 2 eiREEI LY, ZOBIENI
RS NLAL ICR VR STV D EHER SN D, —F, () 7 me A CTERINIZRETIL, JESH 10u
m DI—F ¢ U IPENBER SN, ZORENCIE A 7 MBR(GREBRIC B D E B DK E oD T,
a—7 ¢ VIR Te o7 DIE, BLEIRORIBE L FAEROBR Y IE UICRNT 2 EE 2 5b, E5IT,
a—T ¢ U IMERICRIT D Al BEER 15 ath Th o7, DX D72 Al BEEORUNE, AL, RO FIEE &
ROV IRLNEZ 5722 L 2R LTS, FfEHIIZ, 60 1 7 AVRICIERL S - A —/uid
NiALO T & U HRk S 4172,

3. 4 HAYIELRRBICHES I—T 1 VIR EBIERIBEDOE(L
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512, (a) 7 a2 TIERENZEED 2, 5L 00N10 Yo 7 /Ui akBrig OB R & T 1 G
REarT, Ao L i, e a—T7 ¢ VO EREICER SV B GAEOESNEHES b 2 L
Bond, T, BMEEBROERR T If G4 T0 If N2 O a—7 ¢ v 7IFEE LOEM&4H1C
LI 2R LTS, ZOHRICEY, a—T7 4 V7ROV ED B WERESND Z 8125, 28
KOV5 Yo 7 VBB D 2 —T ¢ > TIEOREFIZITK 40 athd AL NG FN, 10 Y1 7 Mig(bakBaig o
I—7 ¢ U UEOREEITITHT 30 athd Al BEFENDH, S DIZT—T ¢ VI RIS 72 ALY, KD
ERDFRD BIND, S HIZ, 5 BLUN10 Y1 7 ittt ORe L R LRl B RE. F oaEHIc A
DVIALTEY, THIERE L DBEENEWVEEL 2o TS, 0L ) BREWESEMETa—F ¢ v 7z
DEGEND I OFIT LD EBZ LD,

X612, (d) 7oA TERENZZREIO 2 BL N0 Y4 7 /W% ORI EE & T A L 4hTHs 5
oty 2 A VBB T, a2 —7 0 v IROFR T < ISHEW HE 23Tk 72 @G80 Hivd,
Hf Z2&Te 2 D@EERL & a—T ¢ o ZBEOFREEBICIL AL 2356 456 athd TN Tn5, EHIZ, a—7 4
VMR RIZIE ALO, 2 BREA TRV LA LT, 10 1 7 /W bttt <l =—7 ¢ v VIROER
T EH e 72 HE SN 72 < 7roT-, MALEIIIEL 720, BLRET ALO, & HFO, 2 HAER S 47,
Z O HFO, I XRMEDITEHAFAE LTz HE SATED a—7 ¢ > ZREIIERL L= B BSER(L L2 b0 EZD
N5, ZOREFCIILEEORBENBRER SNz, ZOFEE S, BRI T2 ALOKIF & HFO ki
DISIRHRIE DIENTER T DI OREIC L D EHEE S LD,

PLED I HIZ, Ni 7V A REOGEMLEZ HE GHEES S EN 58T, BERmEEICRIT 5 1 R
FEMMEL, EWIA 7 VBBIEIERSGED BTz, ZAUuIstL, Ni 7o REOEVILEIZ I &4 )E
NEENTEREFCIE, RIS T 5 HE IR & <, Wit 7 VbM< Ze o 7,

4. F&OH

AW TR ONT RS X FRRO LB ThH D,

(1) Hf ZABOES ZIEZ 7= Ni TV ST RIS, Ni, HE 33 X ONi 0 3 BEEOEHTICIT 5 11EA & 31H]
HONi OFNRHAEZE 252 Ll v ER ST,

(2) Hf SABENPEOLEIZIZR ST NI TV A FiEa—7 ¢ o Z3EHEIE O A 7 Ui et 2R
L7z,

B) B\ A 7 VB b EZ R LTe NL TV A R —T ¢ 73 BRCIE, AL, DR D E A TED =
PR LRI ERR S A7z,

5. &

() J. L. Smialek: Metall. Trans A, 9A(1978)309-320.

(2) F. H. Stott, G. C. Wood and J. Stinger: Oxid. Met., 44(1995)133-145.

(3) M. Hara, Y. Matsuda, M. Fukumoto and T. Narita: Oxid. Met., 70(2008)295-306.

(a)  Hf(0.6ks) — Ni(3.0ks) — Al(3.6ks)

(b)  Ni(0.9ks) — Hf(0.6ks) — Ni(2.1ks) — Al(3.6ks)
(c)  Ni(1.8ks) — Hf(0.6ks) — Ni(1.2ks) — Al(3.6ks)
(d)  Ni(2.7ks) — Hf(0.6ks) — Ni(0.3ks) — Al(3.6ks)

" . B
A \ v H Ni | Ni
(a) (b) (c) (d)

X1 HFEBRBESEEZHT-DODON T A IFA REOER Y 1+ 2
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- 13
T SH— 40 =i
20 i e 20 |
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Distance, d /jum Distance, d /jum

K2 @), (b) ©F LR LIERT 0t 2 Tk S N T VS A RSO G L

T A HHTRER
(@) o (d) Nwo,
Coali Substrate Coati Subsirate
0.1 10um 10
|
E
E 0.05F i
s (a)
E 0 100 f wol {
3 ® Ni 2 8 | Ni
En.as g % g i
= ‘E 0 E 0
-] o Al é
-0.1 L L 1 1 L S = HI’ ' Cr
10 20 30 40 50 60 0 ‘
Number of cycles 0 50 100 150 0 50 100 150
Distance, d fum Distance, d /jum

3 @~(d)7 2 ATERINIZNI 7L I 1 NE X4 @B LO0Nd)7 2 EATERI NI T LR

=T 1 L TREOA 7 VRGBT S FA R —7 ¢ 75K 60 A 7 v
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(a) 2 cycles (b) 5 cycles (c) 10 cycles
Al,O, . Al ) AlLO
|__Coating |Substrate 2(}:"imitlns:l Substrate Coatin Substrate
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10um 10pm
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1004 — 101 100/ —
Xgo i - R 80 R g0 Lol N
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5@ 7R TERINAENIT VI A
HREOWIH SR & T4 LV otER

Nz —7 ¢ o 758EID 2, 5BIN0YA 7 10HA 7 VERL,

(a) 2 cycles (b) 10 cycles
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—
1 1
& Reol |
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QO B0FO:  coosowasestenso h!l
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0 20 40 60 80 100 0 20 40 60 80 100
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BAMESEIR I T/ AT DS R & T DRI

ARk, EAJ)I4, Liu Liwang

(CHE AT B T2 )
ishio@gipc.akita-uacjp, takashi@gipc.akita-u.acjp

BEZE @ PERE 22 AR A SO AR o0 8 15 5 FE RS SRR BRI R O B 1T 1, — il
FHEW AL DR E B RSB L 72 5, AFFETIX, A7 U —om kb
KABEAT % EBLT 5 7= OfEfiisr bt & LT, ek T b fafi b2 @y FeCo &
&R Lic, AMEHT, B FEHEICL > CTEFRERAZEANTDH 2 & THFF
IR E e — W R B G Z2 BT 2 2 LR TR SR TWD, AIFFETIXE T, FeCo
& Llg FePt L O TEAICE 2= E X I Uy VREICER L, E£4H0E A% KA
77o FEBRCITHASM MgO SR HIC/ER L7z FePt 23> 7 7 & LC FeCo M % plfiss
L., EFBERDN ca=1.07 BEBEBAINTWD Z &2 MR Lz, BT,
FePt(10nm)/FeCo(0~3nm) TIEEEALEZ A L THH . WL @RS G - &
TR EZ B L CnD Z Evbo Tz,

F—U—F:E&B&E (Fe, Co) -AdiFk (Rh, Pt) &4 HAIGE, =v%
T v VR, BET S Ry b, BRPET ORI

SER% :
AifgtiL, BEERE (Fe, Co) rADitE (PR NoRbEeMdEEsEAMET o L
T, ZHE TRV EBKE S - S22 EZH L LS L3200 ThH D,

BRE MR E OIS IROFE S EHE-O IR, 7 A, T/ INTLAEH
RIPERAC L > T, HERF—T7 7 /Y —TdH D,

AR =TTl BEPERIEOREE T/ R DGR & £ DORESUGH, WONTRESGEHIIZIER LT
IR D TN D, ARERYZRIIFERREA I ONCHTFEH R IFLL R O ) ThH 5,

(1) L2yFeCo X T* L1oFePt-bec FeCo (235 H L 7= #iiiss A ARk BT~ % FERRERF4E
USTRESASRRI T = 7 b 5 S A PR A A1)
- HifEhh FeCo MEDIERLL —HliZE DN+ LlgFePtbecFeCo HAMEIO AL WFLFE, (LFFE)

(2) FePt SBHIHI G-I RBHE - RORBHEAZ LA/ T Dy b« XZ—0 K« X5 ¢ 7 ORI
(NEDOHF-Z7 T o b 5 SeERIPEZEBATRIL F2E)
* Lo FeP+M (M = Rh, Ir, Ru, Mn) 5-&EEOERL - 5 Ky NEBIOIERL (VY 7T 7 41—, 4 F
VD) - gREME—FEREMARZE L A 1 = X AR

@) R HIIEAR T DBRRE
o« POV ARGSHEN AR ) —h B E ORISR - WEREIKZ 100pum A7 — WP IME U 7= —2hR
HIEEEE ORI
AFaClEEIC ERE 11 L2gFeCo 2 O L1 FePt-bee FeCo (235 H U 7= o BRI BE4 2 Fersifze ) 1opd
THRREERET D,
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FePt based granular films for thermally assisted recording

L. Zhang and S. Ishio
(Venture Business Laboratory, Akita University)

zhanglr@gipc.akita-u.ac.jp

Abstract: L10 FePt has been proposed as a magnetic medium suitable for heat assisted
magnetic recording(HAMR), owing to its high magnetocrystalline anisotropy and moderate
Curie temperature. In this study, FePtX granular films were deposited on glass substrates at
high temperature for heat-assisted magnetic recording. For segregant X, we investigated C,
SiO,, TiO; and their mixtures. FePtC films allows for high coercivity Hc(39.4 kOe), high
degree of order parameter S(S > 0.90) and well-defined [001] crystalline growth
perpendicular to the film plane. FePtSiO, and FePtTiO, films show lower coercivity than
FePtC films. To enhance the phase separation and realize the isolated columnar structure, we
mixed the segregant materials of SiO, or TiO, with C. FePtC/FePtSiO, bi-layer structure
films show higher coercivity and smaller AHc/He than FePtCSiO, films.

Keywords: FePt film; heat assisted magnetic recording

Practicability:
l. We successfully fabricated the FePtC films with very high coercivity on glass
substrate at high temperature.
. By using mixed segregant materials, FePtCSiO, and FePtCTiO, films show higher
coercivity than FePtSiO, and FePtTO,, respectively.

. FePtC/FePtSiO, bi-layer structure film was found to be effective to get higher
coercivity and smaller AHc/Hc than FePtCSiO, film.
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(a) Schematics of a HAMR system include thermal and magnetic field delivery, as well
as properly designed HAMR media; (b) illustration of HAMR recording scheme. *

*Heat assisted magnetic recording, in Proc.
JEEE 96, pp. 1810-1835 (2008).
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Effect of FePt doped with various additives

Additives Reference Effect
1. Appl. Phys. 92, 6104 (2002) Increased amisotropy field and the
1&!;’.:!1“;[.—:.'-! Mater, Sci. f_’ng. B 8!,91 .[ZLKJZJ n.:ui;uelic amsolropy, ) )
J. Appl. Phys. 103, 07DS02 (2008) Enhanced the L10 ordering of FaPt
1. Appl. Phys. 103, 07E116 (2008) thin films
BN . Magn Magn. Mater. 246 207 (2002) B doping could reduce the exchange
Appl. Phys, Lelt, 91, 152502 (2007) coupling
TiO, Appl. Phys. Lett. 93, 032506 (2008)
1. Appl. Phys. 99, 08F007 (2006)
Appl. Phys. Lett. 92, 132508 (2008)
Cry05; 1 Magn, Mater. 320 3169 (2008) )
MgO:Si0, | J Masn. Magn. Mater, 239 310 (2002) Oxides could segregate the grain
T 1. Appl. Phys. 104, 023904 (2008) boundaries, easy to form columnar
J. Magn Magn. Mater. 320 3071 (2008) stucure. He decreases with the
fraction of oxides mcreases.
Ta, 05 1. Appl. Phys. 108, 074730 (2009)

I, Appl. Phys. 93 7166 (2003)
ALO; Appl. Phys. Lelt. 76,3971 (2000)
Appl. Phys. Lelt. 91, 063120 (2007)

C doping films allows for high

Appl. Phys. Lett. 91, 132506 (2007) anisotropy isolated small grains but
C 1. Appl. Phys. 108, 07BT32 (2009) prefer layer-by-layer growth
1. Appl. Phys. 108, 083007 (2010) accompanied by the C diffusion up

to the film swrface.
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FePtC single layer films
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Summary

~ FePtC films have high coercivity He(39.4 kOe). high
degree of order parameter S(8 = 0.90) and well-detined
[001] erystalline growth perpendicular to the film plane.

r FePtSi0, and FePtTiO, films show lower coercivity than
FePtC films. FePtC8iO, and FePtCTiO, films show higher

coercivity than FePtSi0, and FePtTO,. respectively.

» FePtC/FePtS10, bi-layver structure films have higher
coercivity and smaller AHc/He than FePtCSiO, films.
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The transformation of structure in magnetic recording material

simulated by using phase field

Liwang Liu', Takashi Hasegawa?, Shunji Ishio?, Ken-ichi Ohsasa®
('Venture Business Laboratory, Akita University; *Graduate School of Engineering & Resource Science, Akita University)

liulw@gipc.akita-u.ac.ijp

BE 2 As phase field method enables us to model complex microstructure changes
quantitatively, and it is possible to search for the most desirable microstructure of magnetic
material used to store information. So in our work, we will model the microstructure evolutions
quantitatively using the phase-field method based on the currently experimental results, so as to

effectively study and control microstructure of magnetic materials used in magnetic recording
and other magnetic devices.

% —7 — F: Phase field, microstructure, magnetic materials, ordering

Sk

1. The phase field method is a powerful tool to simulate and predict complex microstructure evolution in materials

science.
2. Itis possible to search for the most desirable microstructure by using phase field method.
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1. INTRODUCTON
In order to further improve magnetic recording area density, the grains used to store
information must be decreased to small enough. But the shrink of the grains volumes will
result in weak information stability. Thus to resolve this problem, vast of experiments have
been done recently.”"® However, the work to fabricate very small magnetic grains while keep
good information stability is extremely difficult in experiment. This urgently demand to
improve the experiment methods and resort to be guided by simulation research, moreover,
there are few simulation works especially microstructure of magnetic recording materials.'"?
Therefore, the purpose of our work is to simulate the microstructure of magnetic recording
materials using phase field method. So as to predict and instruct the experiment work better.
As for phase field method, it is a useful and powerful tool for understanding and
modeling phase transformations and microstructures evolutions across many field in materials
science. The advantage of phase field is the temporal and spatial order parameter field defined
in a continuum diffused interface model. At present, the phase field method has been widely
and successfully applied to the formation of materials microstructures. Such as dendrite
growth, solidification, spinodal decomposition, the microstructure evolutions'> and magnetic
domain switching in magnetic materials and magnetic/ferroelectric heterostructures.” As for
our work, we mainly focus on and will continually focus on simulating the microstructures of
magnetic materials, especially the microstructures of magnetic recording materials and
magnetic domains variations.
2. RESEARCH OBJECT AND COTENT
Firstly, we model the microstructure variations in FePt thin films by using phase field.
Upon this basis, we further model the microstructure variations in FePt-C thin films and FePt-
MgO thin films based on phase field method. And in future work, we will study the change of

microstructure and magnetic domains in magnetic thins films and in magnetic/ferroelectric
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thin films according on phase field method. To realize these works, we must solve the

continuum non-linear evolution equations defined by equations (1) and (2).

dc(r,t) SF

ot _V(Mvéc(?,t)) M
op(r.t) SF

o M, Sp(r.1) @

c(r; t) and @(r; 1) are the order parameters for the conserved and non-conserved fields, and
c(r; t) and ¢(r, t) are also commonly called phase field variables in the phase field method. A
and M, are the mobility terms for microstructure changes with respect to each order parameter,
and these are usually described as a function of the order parameters, but in many actual
calculations, the mobility is often set to a constant or to a function of temperature. F'is the total
free energy of the microstructure, which is defined by the sum of the chemical free energy G,
the interfacial energy Eq,; and the elastic strain energy Eg. For the magnetic materials, the
formulation of the total free energy of the system, particularly with the addition of the
magnetic energy, certainly, the magnetic energy include the Zeeman energy from an external
magnetic field, the excess exchange energy in the magnetic domain wall region, the
magnetocrystalline anisotropy energy, the magnetostriction energy, and the magnetostatic
energy.

3. RESEARCH PROGRESS
Recently, we have repeated and simulated the order-disorder transformations of
Koyama’s work." In this research, only consider chemical potential energy and interfacial

energy. The calculated formula finally can be simplified to the formula (3).

oG, E
LR Y A e
ot Os os Js 3)

=—4AG, s(1-s)(1+s)—x,V’s

The calculated parameters listed in Table 1.

Tablel: the parameters used to calculate order-disorder transformation.
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Temperature 500K
Driving force AG,=200 J/mol
Gradient coefficient k=5.0x10" J:m*mol
Lattice constant 0.3563 nm
Partition number 400
Calculate area 400 nm x 400 nm
Time increment 1.0

The simulated results are shown in Figure 1.

fully
disordered

ol i
=500 t=1000 t=10000

Fig. 1 the two-dimensional simulation result for the ordering of the abstract materials.

Figure 1 shows the two-dimensional simulation result for the microstructure formation
and the ordering of the abstract materials. The black regions refer to the degree of disordering,
while white regions refer to the degree of ordering. Numerical values (t=0~10000) in the
figure indicate the aging time. In the initial stage (t-0), the phase of materials is in a disordered

state. With progress of aging time, the ordered phase increase gradually.
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4. THE NEXT RESEARCH PLAN
In the next step, we will repeat the result of Koyama'’s work, which researched the
microstructure changes in FePt nano-granular thin films using the phase-field method, as
shown in Figure 2."" And then, upon this basis, we will combine currently experiments to
model the microstructure variations in FePt-C thin films and FePt-MgO thin films based on
phase field method. And in future, we will study the change of microstructure and magnetic

domains in magnetic thins films and in magnetic/ferroelectric thin films according on phase

field method.
a)100s' b)200s' d)700s'

Fig. 2 Simulation result of the microstructure changes in FePt nano-granular film."
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T, [FM ORFIERICHBEDOWRMITHE & D Dy OIEEEENCB T 25 M R4 15
LHZEeREHNET D, £IT, HATEMBEMM & X8R5, R EOKREREZ S
DG B B I B, ZORBERmE» BREIEIC L - T Dy 2465, 600
~800°C DFfi # DIRJET—ERFH OBILIE A i = & T AR L7z, 20 L5
Dy %3 A L7=ilEHZxt LT EPMA IZ X5 EESHT 21TV, b L —HP—JEICls L
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Nd-Fe-B KR T REEREORG & LT < OETHINCFIH SN CE 7, BEEESCA A VEE
OEIFIHOBLENG, SHRHIUE EBENWIFIND A 7Y v FABHFCERBEIEOE—2 55
~OISHIZES T, A% o% 9 OEAERB IS TN D, HEFE—X 0 ~0mHIZIE, 100C
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Low-temperaturs fabrication of BiFeO, based multiferroic thin
films with (111) orientation and formation of composite femmo-
magnetic and ferroslectric domain structure by local electric fisld

5. Woshimura, . Sugawara, J. Lu, G. Egaws, . Kinoshita, H. Saito

introduction i
Problems about the writing system, structure, and materials of
curent HDD ~. |78

«Larks o aheetric anaigy Is very large .

i increasing the recordisg demity.

dipe recsemn of wellisg s is B
ouil du 1o s complicaied siructere.

=Mk metals such as P1, R i ane
used i largu quaniiies.

AKITAUNNERSITY
Mew writing method, low enengy consumption, and bow cost are needed
for new HOD = magnetic writing by =lectric fisld
Magnetic writing by using electric fiebd in multiferroine material M2 .
e i A Purpose of this study
Hew wrting mumn-dl far new HOD ottt e (12 To obtain multifemoic property
£ bl = ; ] mngoumertisow | e for (111} oriented (81, .Ba e, fim
| Y i Mtak i | EREN (T P pr— fabricated onto non-single crystalline substrate
< PRLTIN ) WL "':::m‘";“ B with low temperature (less than £00°C)
[ Momene writing : ;
T thinfm e e - | by using sputiering methed
H;,Tr*-és—rﬁ—ﬂ| o st 1 (& T camry out the magnetic writng by electric fisld
ki “NCbie et T R
§5 o bt | {anr::tp * X'E-EC-— lems L
: " SR g |
= = = -Fahrication of {111} ariented und [
T)'plnai muRrErTOlc matenal © (81,53, )(Fa, Mn)0y = materal of seediayer. Tabrication femperature of undenayer
To apply the (81, Ba )[FE..Mrg.hO, to HDD .. +Crystallization with low termperature ;l
{amm of (1 I- ot e .| = VHF piasia imadiaton procses durng sputiering e 1
o Im:-r-s ngle crys lEnle S;mla;.;h;“c S optimum pariial pressure of C, during sputterng - ;.r‘.oz
ow temperature (less t il har aotual devics preducton ; o 3 P
»by using sputiering method magnetic weiting by ekectnc field a_ﬁ
is needed. = MFM and EFM measurement
Experimental procedure 2 il

Flim preparation

~Bubsirate: BVBI0;

=Flim confguration: T1, Ta/ PLJ (Bl 238, Fe0y (x=0, 0.1, 0.2 0.4)

8o 100 v 1000 e § 00 mm

sDeposkion: MagraTon Sputisrng mamod

“Target: (S, Sa,Fey (e=0, 0.1, 0.2, 0.4},
TL Ta, Pt, Fe

“Target - subsiraie distance : 70 =120 mm

=Ar = Oy pressure: 10 mTom

=0y addition: 015 %

“Rotafion speed of subsiate |15 pm

“Deposkion tempembare : 200 ~500 T

“¥HF plasma radiaion power: 08 W

Measurement

X-ray cHffractian (XRO)

“Energy dispersion specirosoopy (EDS)
“'brating sampie magnetometer [V EA)
“Fermoeiecinc tesling system

=Scanning prove microsoope (SPM)

UHV Sputtering System for Thin Films with Ordered Structure
and Very Thin Multilayers

40,88 WHz
(WHF1 r-sity anmaa
may 600 T

=Tk

s e

Fiai .
Sputwed L
o | AP DY

Hering oathode Plasm

10 targets for one cat = 1 tanget for

Proosss gas - thlmu‘rlml‘"pﬂu =
Maximum cubstrate tsmperature - 820 'C Targat
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Results Lk

Fabrication of Pt underayer with strong (111) onentation
Iething exivi Ty EN 1) Sty

Acceleration of ordering of BiFe0, film by VHF plasma iradiabon  &n2
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MFM Image
(bafore applying the D woll
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Topographicimage

EFM Image MFM Image
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Summery
We successaully fabricased (111) orientated (Bl B3, JFe0, multifemoic thin
fims, which are suitabie for device applization, onto 3 non-single-crystaiine
subsirate at lower subsirate temparature.
(BlggEa, ey (100 mm) M, - 60 emuicm?
T 400-S00) T P, . B pClom?

Pag: EW N Sang £
i i b Luge : 107 Al

Pt {100 nm} 300 °C —=|
Ta 5 am) AT ——=H

r MBI ASIEE

Wie algo succeed o demaonstrate the magneds recording by apolying local
elecinic field In (Bl BajFe0, muidiarmoic thin fim.

"1 {111} orizniation
| FWHM : 2.0°
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Magnetic writing head of hard disk drive

Recent hard disk drive (HDD)
+High density
+ High recording speed

oil \
Return yoke | Gap

\‘ :’ Write pole v

i R Writing head
: +Small write pole (<100nm)
Recording:Jaysr m + High magnetic field {> 10 kOe)
= /) +"High frequency (~GHz)
\ Magrxweticﬂux /

Magnetic writing head
Visualizing alternating magnetic field from magnetic writing head is

important for developing reliable HDDs for high speed and high
density recording.

Evaluation of magnetic writing head
with magnetic force microscopy

Oscillation

Cantilever

(r

Magnetic tip Advantages of MFM imaging
v Available in air
Magnetic flux H- iHhead v Non-invading

\ """""" | v High spatial resolution
Write pole N\

Return yoke

=
~~Gap Ex:K. Sueoka, et al, J¥ST, B9, 1313 {1991}
R. Proksch, etal, APL, 74, 1308 (1999)
Magnetic writing head M.abe, etal., JAR, 89, 6766 (2001)

MFM is capable of detecting alternating (AC) magnetic field with a few
ten nanometer spatial resolution without invading head properties.
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Alternating magnetic force microscopy (A-MFM)

Hard magnetic tip 5 P ——
r Fo k : Spring constant
BaEE F, : Excitation force
] N/\,/ f.sc :Frequency of cantilever
oscillation
z(t) z : Cantilever vertical deflection
Hac F., : Tip-sample interaction force
% HZ<: AC magnetic field
(__writing head ] | )
d?z(t dz(t
m dt(z) + my ( ) + koz(t) = Fycos(2mfyg00)

Under ac magnetic field H, = H,cos(2mf;, )

E, = M,(3H,cos(2nf,,£)/82) Mz=Const. ][]

’ Ak, = O, /02 = M,(0%H,cos(21f,, £)/07) e

2
m ddi(zt) + my dz(t) + (ko + Ak, )z(t) = Fycos(2ntfyscb)

Ref: H. Saito, et al., JAP, 105, 07D524 (2009)
W. Lu, et al., APL, 96, 143104 (2010)

For ko » Ak,

z(t) = Zmy 7 SN2 fosct + 5 Ak COS (27 )
- F
e sm(gifos_ctﬁ Mm}’f {cos(2m(fosc + fm)t) + cos2 (fosc = fm)OD

Carrier FM

VAVAVAER:

Magnetic field

Tip oscillation
: «© MWW

o« M,d2H, /02>

From FM side band intensity, perpendicular magnetic
field of a few 100Hz can be detected.
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Limitations of A-MFM in measuring AC
magnetic field on a writing head

Mechanical resonance frequency (and also the bandwidth of deflection
sensor) limits the detectable AC-magnetic field frequency up to a few MHz.

AC frequency ~a few 100Hz 1= AC frequency ~ a few MHz
fosc = _ . MHz(@f1st=~300H2)
[l i - b v—
. [N B - ford=6,3xf1=
fosc=Fn ;.' \\.fc}s{_'l'fm 1 fosc-Fm=Fist fasc
’ LY
AR = N A
" “‘ 3 f ;;:_-._ \'\v;‘( - b rid # %, A

1+ resonance = * 2w resonance’

|H'ad Gap
.

L poe @ . saito, et al., JAP 107,
4 3 5 09D309 (2010)

g 05 um
g —

Magnetic moment of hard magnetic tip sometimes is reversed due to high
magnetic field from the head. This causes the image artifacts.

Mz M=
Bz Write pole P Hz  Artifact A
- 0 2
t
| H
Normal With magnetic reversal He>Hz

Aim
We propose a novel technique, high frequency A-MFM

enabling detection of sub GHz frequency AC magnetic
field.

Key idea
Frequency downconversion using generation of difference

frequency

v AM-modulation of RF magnetic field.
—Easy experimental setup
v Soft magnetic tip
—+Escape from the image artifacts problem
-Easy fabrication
*High Ms

: —
Demonstration

Imaging of perpendicular magnetic field component on a
perpendicular magnetic writing head.
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Block diagram for RF magnetic field
measurement with A-MFM

fOSC
fL.‘bC_fm 0sC m ] ulul J Julu u
| |'F| HE FM demodulator
f
:
% Excitation Lock-in amp
Piezo Ref. i A ”
ef. in
Soft
magnetic tip (¢
Modulation
sig.(<100Hz) \/\/’
Lift ~10an | Vfm
I
Wiite pole AL AM RF current Ifer v
o = (sub GHz) Hz
In Al D | Directional | | RF oscillator H (out-of-plane)
coupler P
Perpendicular magnetic l-lOdB
writing head

Current monitor

Preparation of soft magnetic tip

DC magnetron sputtering system In-plane M-H curve of FeCo film
Rotation 1000 : ! ' '
Sputtered
atoms _» Si Cantilever G 500l 4
‘ tip 2
=
FeCo target E o0
E 500} H(90) |
H(0)
-1000 FeCo Film b
Typical SEM micrographs of 600 -400 -200 O 200 400 600
FeCo-coated cantilever tip H (Oe)

Hc~220 Oe, Ms~1000 emu/cc
(FePt hard tip:Hc>10kOe, Ms~600 emu/cc)

Easy magnetization axis //
100nm tip longitudinal direction.

Radius of curvatures ~ 40nm

Si cantilever tip was coated by a 30nm thick soft magnetic FeCo layer.
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Experimental setup

L-tracell SPM system (Hitachi-hitec-science)

_Cantilever holder base

Vacuum suction tube

~ Cantilever

i

[ o

From SG "
 ——
—.—-——:'

Directional
Coupler

A-MFM imaging of RF magnetic field

on a magnetic writing head
Profile across the gap(A-A")

Hz(lock-n X) image the gap .
= B0
B Gap § 1
. 3 E
Write pole= Return yoke +4.2 E 3|
\ 1 . T
20
A------,-- —=x V 5
-2
! R
1 -1.6 0 100 200 300
1 Distance (nm)
B _100nm .. Profile across the main pole(B-8")
\_- ------ —/’ ‘é 4
' : o 3
] T
Write pole ~~~~77“ %~~~ Ho1
Ret k '
Magnetic flux gkl g 0
-InF<20mA S a
-faF=700MHz, fm=70Hz, AM depth=90% 0 100 200 300
«Lift height=10nm Distance (nm)

Perpendicular magnetic field image shows a clear magnetic flux flow
from write pole to return yoke.
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Fabrication of high-coercivity FePt-MgO tip and its application to
AC magnetic field imaging of perpendicular magnetic writing

head by alternating magnetic force microscopy (A-MFM)

Fu Zheng', Shinya Yasui®, Genta Egawa”, Yukinori Kinoshita', Satoru Yoshimura?, and Hitoshi Saito”
(*Venture Business Laboratory, Akita University; “Center for Geo-environmental Science, Graduate School of
Engineering & Resource Science, Akita University)

fzheng@gipc.akita-u.ac.jp

BEEE . FePt-MgO films were deposited on Si tips by using the very high frequency (VHF)
plasma irradiation assisted magnetron sputtering, in order to improve the magnetic property of
the home-made magnetic force microscopy (MFM) tips for evaluation of AC magnetic field
of perpendicular magnetic writing head currently employed in hard disk drives. It is found
that the MgO addition to the FePt film and the VHF plasma irradiation remarkably enhanced
the coercivity of FePt-based films. The coercivity increased from 9.2 kOe for pure FePt film
to 15.9 kOe for FePt-MgO film with the MgO addition of 16.0 Vol.% and VHF plasma power
of 15 W. AC magnetic field images of perpendicular magnetic writing head were obtained by
using alternating MFM (A-MFM). A clear amplitude image with high amplitude signal at the
main pole position were observed by using FePt-MgO tip, on the other hand a blurry image
with very small amplitude signal were observed by using FePt tip. This is due to the
suppression of the tip magnetization rotation by head field. The FePt-MgO tip with high
coercivity is found to be effective to measure the high AC magnetic field for current
perpendicular magnetic writing head.

% — U — R : high coercivity FePt-MgO tip, very high frequency (VHF) plasma irradiation,
perpendicular magnetic writing head, alternating magnetic force microscopy (A-MFM)

KRRk :
. We successfully fabricated the FePt-MgO films with very high coercivity by using
VHF plasma irradiation.
. The home-made MFM tips with a Si tip (DF-40, SII Co. Ltd.) deposited with a 40
nm FePt or FePt-MgO coating for observing the current perpendicular magnetic
writing head.

. The cone-shaped FePt-MgO tip was found to be effective to measure the high AC

magnetic field for current perpendicular magnetic writing head by A-EFM.
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I .INTRODUCTION

Magnetic force microscopy (MFM) is a popular scanning
probe technique for investigation of the nano-scale magnetic
domain structures of magnetic devices like magnetic recording
media due to the high spatial resolution of the static magnetic
field.!"! For MFM observation, the MFM tip is the key element
in detecting the magnetic signal. Therefore fabricating a high
quality MFM tip is one of the essential points. Commercially
available MFM tips always consist of an atomic force
microscopy (AFM) tip, coated with a thin CoCrPt layer. There
have been many efforts to prepare MFM tips, such as synthetic

antiferromagnetic coating with sandwich  structures, T

6
1 and carbon nanotubes

focused ion beam (FIB) trimming, !
coated with magnetic films.[T¥!

In addition to the fabrication techniques of MFM tips, the
MFM measurement techniques also play a crucial role in MFM
studies. Recently, we developed a new MFM imaging method
for detecting AC magnetic field which was named as
alternating MFM (A-MFM).””! The A-MFM uses a frequency
modulation (FM) of the cantilever oscillation by applying an
AC magnetic field to a mechanically oscillated tip, and can
measure the perpendicular component of the AC magnetic field
with respect to the sample surface. Previously, we observed AC
magnetic field image for a perpendicular magnetic writing head
by the A-MFM with a conventional FePt tips with
high-coercivity.'™'"] However, the amplitude signal of AC
magnetic field decreased when the AC current was very large.
The factor for this was due to the change of direction of tip
magnetization from perpendicular to in-plane against the
sample surface.

In the present study, we fabricated FePt-MgO films by
using the very high frequency (VHF) plasma irradiation
assisted magnetron sputtering method to increase the film
coercivity. We also fabricated a new FePt-MgO MFM tip with

very high coercivity for perpendicular magnetic writing head.

II. EXPERIMENTS

FePt-MgO films with the thickness of 20 nm were firstly
prepared on Si substrates with thermally oxide layer to
investigate the structure and magnetic properties of coated
material. The FePt-MgO films were made by two different
ways. In one case, a FesoPtso target with MgO chips on it was
used, in the other case, co-sputtering of FesoPtsq and MgO was

used. The volume fraction (Vol.%) of MgO was adjusted by

40.68 MHz (%)
\ Heater
.-"'10rpm Substrate
Pl
SUB: el
4% A A 120mm atoms g r

Target*
/

13.56 MHz&

Plasm

Target

Fig. 1. Schematic image of the VHF irradiation assisted ultra-high

vacuum sputtering system.

changing the numbers of MgO chips, the sputtering power of
targets, or the target-substrate (T-S) distance. During the
sputtering, the VHF (40.68 MHz) plasma irradiation!"? with the
electric power (Py;,) of from 5 W to 20 W was also used.
Figure 1 shows a schematic image of the VHF irradiation
assisted ultra-high vacuum (UHV) sputtering system. After
deposition, the FePt-MgO films were annealed by using a rapid
thermal annealing (RTA) system at 750 °C for 10 minute. The
microstructures of the films were determined using x-ray
diffraction (XRD) analysis. The magnetic properties were
measured using a vibrating sample magnetometer (VSM). The
MFM tips were fabricated by coating cone-shaped Si tips with
FePt-based alloys under similar conditions for films
preparation.

The A-MFM was based on a conventional scanning probe
microscope (JSPM-5400 (JEOL Ltd.)). Figure 2 shows a
schematic image of the A-MFM. The cantilever was oscillated
by using a piezoelectric element, and the AC field frequency
modulated the cantilever resonance. The cantilever deflections
were sensed by using laser beam deflection. The AC magnetic

field measurement was achieved by the lift mode after

Amp. Phase
1

Lock-in amp.

Signal Ref.
>®

Writing head

Fig. 2. Schematic image of the A-MFM system.
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topographic measurement. A phase-locked loop (PLL) circuit
for demodulation of the frequency modulated MFM signal and
a lock-in amplifier for detection of the signal output of the PLL
were used.'M1 A1l of the measurements were performed in an
air atmosphere. The oscillation frequency of the piezoelectric
element was near the resonant frequency of the tip (250 kHz).
The value of the frequency of the cantilever with the MFM tip
was approximately 256 kHz, and the value of Q was
approximately 500. The lift height was 8 nm. A current
perpendicular magnetic writing head with three surrounding
shields were used. The writing head was driven by a sinusoidal
AC current with a zero-to-peak amplitude of 40 mA and a
frequency of 100 Hz. The amplitude of this study is larger than
the case of previous work."™ ! The home-made MFM tips
with a Si tip (DF-40, SII Co. Ltd.) deposited with a 40 nm FePt
or FePt-MgO coating were used. The magnetization direction

of the tips was vertical to the head surface.

III. RESULTS AND DISCUSSIONS

Figure 3 shows 6-20 XRD patterns of FePt, and
FePt-MgO (16.0 Vol.% MgO addition) films without and with
VHF plasma irradiation power of 15 W, respectively. All of the
films showed strong FePt(111) peak, which means the
deposited FePt-based films were preferred (111)-textured. Due
to the lowest interfacial energy of FePt(111) plane, the FePt
film deposited on amorphous SiO, substrate favored to a (111)
texture growth. We also noticed that, for the pure FePt film and
FePt-MgO film without VHF plasma irradiation assistance, the
(001) diffraction peak was not observed. For the FePt-MgO
film with VHF plasma irradiation assistance, a weak (001)
diffraction peak was slightly observed. In addition, the film

fabricated with VHF plasma irradiation assistance shows a little

FePt(111)

‘ePt-MgO with VHF plasma

FePt-MgO

Intensity (arb. units)

enhanced (111) peak intensity comparing to the films prepared
without VHF plasma irradiation assistance. In our previous

study,?!

a VHF plasma irradiation process during sputtering
deposition can effectively accelerate the formation of
crystallization and ordered structure of Fe,(Mn,Cr)Si Heusler
alloy film even if the film is not performed the thermal
treatment, and consequently, the film formed highly ordered
structure with a low thermal treatment temperature of less than
300 °C. It is believed that the VHF plasma irradiation process
can also accelerate the formation of L1, FePt phase. As we
know, the high magnetic anisotropy of FePt films is obtained
only in the chemically ordered state. Therefore, the high
coercivity of FePt films accompanies with the formation of
chemical ordering. The dependence of the coercivity on MgO
addition and VHF plasma irradiation power will be discussed.
In order to make the magnetic moment of MFM tip
perpendicular to the sample plane, the easy axis of
magnetization should locate in the film plane. Therefore, the
in-plane hysteresis loops were concerned in this study. Figure 4
shows the dependence of the in-plane coercivity of FePt-MgO
films on the volume fraction of MgO addition. The inset shows
hysteresis loops of FePt and FePt-MgO film with 16.0 Vol.%
MgO addition. The coercivity gradually increased from 9.2 kOe
for pure FePt film to 17.0 kOe for FePt-MgO film with 35.0
Vol.% MgO addition. It can be seen that the coercivity was
remarkably enhanced by MgO addition, which can be attributed
to the isolation of FePt grain. Like the other kinds of additives
such as SiO,, C, TiO,, Ag used in preparation of FePt-based
films, the roll of MgO addition plays the same effect of
magnetically isolate the FePt grain thus enhance the coercivity.

Figure 5 shows the in-plane coercivity of FePt-MgO films

20 . . : . ' . .
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Fig. 3. 6-26 XRD patterns of FePt and FePt-MgO films.

30

40
20 (degree)

50

60

Fig. 4. The in-plane coercivity as a function of MgO volume fraction in
FePt-MgO films. The inset is hysteresis loops of FePt and FePt-MgO
film with 16.0 Vol.% MgO addition.
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Fig. 5. Dependence of the in-plane coercivity of FePt-MgO films on the

VHF bias power. The inset is hysteresis loop of FePt-MgO film (16.0

Vol.% MgO addition) with VHF plasma irradiation power of 15 W.

dependence on the VHF bias power. The inset shows hysteresis
loops of FePt-MgO film (16.0 Vol.% MgO addition) with VHF
plasma irradiation power of 15 W. For the FePt-MgO films
with 16.0 Vol.% MgO addition, the coercivity gradually
increased form 14.5 kOe to 15.9 kOe with increasing the VHF
bias power of from 5 W to 15 W. Further increasing the VHF
bias power of up to 20 W, the coercivity decreased to 15.2 kOe.
The lower power (power density) of VHF bias might cause the
enhancement of atomic mobility along the film plane,
consequently the ordering transformation of L1, FePt phase
was accelerated. This result supports the results of XRD
measurement of the films as shown in Fig. 3. The higher power
(power density) of VHF bias might cause the damage by
relatively high ion bombardment, consequently deteriorated the
crystal structure and promoted the formation of disordered FePt
phase, as reported in the FePt-TiO, (Ref. [13]) system. It is
noted that the coercivity of FePt, FePt-MgO film (16.0 Vol.%
MgO addition) without VHF plasma irradiation assistance, and
FePt-MgO film (16.0 Vol.% MgO addition) with VHF plasma
irradiation power of 15 W were 9.2, 14.0, and 15.9 kOe,
respectively. These results indicated that in order to obtain the
high coercivity of FePt-MgO films, formation of highly ordered
FePt phase and isolated FePt grain are needed. The dependence
of the coercivity on the bias power for FePt-MgO films with
35.0 Vol.% MgO also was investigated. As shown in Fig. 5, the
high coercivity of 18.0 kOe for Py,s =5 W and 19.5 kOe for
Priis = 15 W were obtained. These values were much higher
than the value of 17.0 kOe for FePt-MgO films without
substrate bias. From these results, we can say that the VHF
plasma irradiation with low power density seems to be
applicable for acceleration of FePt ordering transformation.

The FePt and FePt-MgO (with 16.0 Vol.% MgO addition

‘-\-..“‘
Main pole

-

(a)

FePt-MgO tip .

Distance (nm)

Fig. 6. (a) is topographic images, (b) and (c) are amplitude images of
the AC magnetic field for a magnetic writing head, (d) is down track
line profiles of amplitude signal of the white line in (b) and (c). The
images (b) and (c) are obtained by using the FePt tip and FePt-MgO tip,

respectively.

and VHF plasma irradiation power of 15 W) films were coated
on Si tips under similar conditions for films preparation. The
A-MFM technique was used for the measurement. Figure 6(a)
shows the topographic image of the perpendicular magnetic
writing head around the main pole region. The main pole and
the gap were clearly observed. The amplitude images of AC
magnetic field measured by the FePt tip and FePt-MgO tip are
shown in Figs 6(b) and 6(c), respectively. Figure 6(b) is the
corresponding image of Fig. 6(a). Figure 6(d) is the down track
line profile of amplitude signal of the white line shown in Figs.
6(b) and 6(c), respectively. The amplitude image measured by
using FePt-MgO (with 16.0 Vol.% MgO addition and VHF
plasma irradiation power of 15 W, H, = 15.9 kOe) tip was clear
and had high amplitude signal at the main pole position. On the
other hand the amplitude image measured by using FePt tip
(the FePt film with coercivity of 9.2 kOe) had very low
amplitude signal at the main pole position compared with the
case of FePt-MgO tip. These results indicate that the FePt-MgO
tip with very high coercivity can effectively image the AC
magnetic field without signal decay due to the rotation of tip
magnetization. Consequently, the clear amplitude image was

obtained by using FePt-MgO tip.

IV. CONCLUSIONS

(111)-textured FePt and FePt-MgO films were prepared on
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naturally oxidized Si substrates for the study of MFM tip in this
paper. The coercivity of FePt-MgO films increased with
increasing the MgO addition and also increasing the VHF
plasma irradiation power, which can be attributed to the
improvement of magnetically isolation of FePt grain and
acceleration of chemical ordering of FePt crystal. FePt and
FePt-MgO (with 16.0 Vol.% MgO addition and VHF plasma
irradiation power of 15 W) tips (relatively films with coercivity
of 9.2 and 15.9 kOe, respectively) were fabricated. For
measuring the perpendicular magnetic writing head, the clear
amplitude image and high amplitude signal at the main pole
position were observed by using this FePt-MgO tip. We
conclude the cone-shaped FePt-MgO tip with high coercivity
was found to be effective to measure the high AC magnetic

field for current perpendicular magnetic writing head.
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Development of Soft magnetic thin films
for tips of Near-field MFM by frequency-modulated magnetic

force microscopy

H.Qi',F.Zheng ', S. Yoshimura >*, S. Okayasu %, G. Egawa >°, Y. Kinoshita * and H. Saito™
(‘Venture Business Laboratory, Akita University; “Center for Geo-environmental Science,
Graduate School of Engineering & Resource Science, Akita University, *JST/Adv. Meas. &
Analysis, Japan)

hzshw il.com

WEE : Several kinds of soft magnetic thin films had been successfully fabricated by ultra-high
vacuum(UHV) sputtering system, which can be coated on MFM tip with high spatial resolution of near-
field MFM (NF-MFM) system for observing high-density magnetic recording media. And compared the
the magnetic properties of different soft magnetic thin films by vibrating sample magnetometer( VSM) and
atomic force microscope(AFM), the proper amorphous soft magnetic film with high moment had been
obtained, which was one of candidate materials for high-resolution tips. By taking advantage of these films,
the present near-field MFM method combined with the new soft magnetic tips open a possibility to detect
magnetic field near sample surface with high spatial resolution and gives a very useful feedback for the
development of advanced high-density magnetic recording media.

F—TU—F: Nearfield MFM . soft magnetic films . tips, hard disk

Amorphous soft magnetic film with high moment is one of the candidate materials for
high resolution tips
Provide an effective way for detect magnetic field near sample surface with high spatial

resolution
Gives a very useful feedback for the development of advanced high-density magnetic
recording media
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Introduction of Near-field MFM

AC magnetic force
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* Near-field Magnetic Force Microscopy

(NF-MFM) is one of our newly developed
Alternating Magnetic Force Microscopy
which uses a frequency modulation (FM) of
cantilever oscillation induced by altemating
magnetic force with off-resonance.
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* NF-MFM uses soft magnetic tip which is
driven by AC magnetic field.

* NF-MFM can detect magnetic field near
sample surface with high spatial resolution
less than 10 nm and high sensitivity.

* NF-MFM can detect the direction of
perpendicular magnetic field and polanty of
surface magnetic charge.

H. Saito, R. Ito, G. Egawa, £. Li, and 5. ‘mshimura,ﬁ
J. Appl. Phys., Vol. 109{2011) 0TE330 iy

Performance of NF-MFM
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Purpose

#Tofabncate several kinds of soft magnetic thin films for MFM tips with high
spatial resolution of Near-Field MFM (NF-MFM) system

#Tocompare the magnetic properties of different soft magnetic thin films

#Toget the proper amorphous soft magnetic film with high moment as a
candidate material for high-resolution tips

Experimental

v Materials: FeCo, FeCoB, NiFe, CoZrNb
v" Preparation system: Ultra-high vacuum{UHV) sputtering system

v Method: Different kinds of soft magnetic films with the thickness of 30 nm
were prepared on Si substrates with thermally oxide layer

v'Characterization: Vibrating sample magnetometer(VSM), Atomic force
microscope(AFM)

M-H curves for several films fabricated on Si substrate
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Surface roughness for several films

( 300nm X 300 nm )

Fe-Co

H., H, , M, , R, for several flms

Film He (Oe) | He (Oe) | Ms (emu/ce) | Ra(nm)
Mi-Fe 15 35 780 1.38
Co—Zr—Nb 3 28 720 048
Fe-Co-B 4 18 1150 027
Fe—-Co 200 300 1550 160
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Summary

We have fabricated soft magnetic thin films for tip with
high spatial resolution of Near-Field MFM (NF-MFM) system
for observing high-density magnetic recording media.

@® Amorphous soft magnetic film with high moment is one
of the candidate materials for high-resolution tips.

Future plan

@® Development of a new evaluation system of

magnetic property of MFM tip.
@ Development of high-resolution tips is also in progress.
@ Observation of high-density magnetic recording media.
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KA YT ROBEED & THIR B & b OBEETRIEDMRWVEOBLH 7> b BN S ZEM 0 5 13<
HELo W E WO RS D, XH1Z, CVD IEHICBWOEEEN KN b0 720, XA 'R
AR S D FRIIER ICRIFRIC D22 LV ) S 5,

EHDIL, CVD IEO—FETHY, KRN TTF L —BEOE T RIF—RYRBERIZ L 5 21 '
RARIZHER LCa 7, REERIAY, Mx R TEMICARIRBEEZALTRY, ZORBERICL 54T
T REBIEEZRWC, BY 7T (Mo) B HIcy A Y ey REBEOAKREARACEY Y L
LR D, XA YT RERZICHEWNT, GREBEAEE I I 0 Fim <@L CLE o MERH 5,
22T, FmE < BEOIR A2 ZRE LB e A ROTEE LT, A A YRV ROGHGRH SO R T
% 3B S W5 SEEGRIEARRE L CE -, ZORHEZIGH LT, WC IR KE FIoREERIEIC
X0 S < BEZAIH L 72’ HEESRE OB E A YoV REBEOAK AT T&Tm, L LR, &
A YEY FAKIIS, BREROEE I ha—A 3L 20 Z A Y'Y FEREDIATAT, &5
(2, BUSIHIC & D i< BEZ P95 2 ENEE LW S WS T RER A L, 22T, BBERICE - T
WC MR ER E~D XA Y e RREIRE G D 2 &N AfRERRE S AR R L CERZT1TY 2 & ¢, iR
FKHOWE = ha—ANEG LY, BELZWEDH A YEL NEZEEZSGOLND 2 LV AlfE: 2 B
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BRAEERE Ue, 20 2 BEEAEROEY, BIEGEGRFICHMRERmIRE 2 2 BRI LS4 A vYEU R
DEREATI FETH D, ZOHECLY, XAYEL FEBEEZART 52 EWNATREL e~ 7228, Fmix
BEZOWTEI 72 Bit21T-o TR 5T, X525 R BEHCBEI 2HENLETH 5,

Z T, AWFFETIE, WC FEHEER FITBRBERTEIC L 0 FURIE < BEZH0HI L7228 S, BEEmE OB\
AVEY FEBEZAKT L2 HIE L, 2BBEAIEEZHWSY A YEY REREIT, EOBRIRA
T HRMEE S BV TR 21T o 72, 2 2C, WC ERFRE ORI X 2 Bk R RO ), &
B SV DS < B A MIET L B 2, BIEEE U UL 21T R I OIERE & 285k S 7=
R EIZHE AT REREZITo TE 72, E5IT, 2EMEERIEICRIT DRBER PO AL S WC FEiER
[ E COMEE (R 285BI BO TR S EEREIT> TE e, 22T, Hiio /2B o5
AR LA D2 250 S BEARRETTY, 2 ORI & DR 2L AN AR B IS i 13 < Bl
ED &9 125 % RT3 A U AT 272,

KEREE

FAEE 2 X 1\ R T, REORmIRE 72— EIZR27®, FROR v 7 238K ULnHEIT 5, RO
FIREEIL, FERMI ORI REEFHC X DV HIET D 2 LN TE 5, WAFMEEIT 100X 100 X
55mm’ OFAR v 7 22 L, ZOR v 7 ZAOHITHEAKE T LiAdx, BTN B/ANR 7 TR
HL7, Z2°C, B 10mm O 727 (W) MHEEEZGAHOIEE LTRy 7 20y ZiEL,
T—T M7 TV THEIE LT, ZOXAED EIZ WC Hti 3535 ST AR AT 72, ZOBE, mElERR
B L<AT D 12O FM & AEDORNCBMSEMED B Ag ~X—A F28A L, 473K THREIZIWCBVLEES LTz,
BHFOR v 7 23 ETFBERE/R 2T — RI2H 0, HHVKE & B OMERA 2 2 5 2 & TR
REEEZ(SEDLZENTE D, AT —VIUIAT v B TE2—4 PO 6By, FIA4 3%
MLTCAT—Vay ha—F 2Lk > T ETBEZHIET 2 Z LN TE 5,

Radiation Mass flow controlle
thermometer
Burner
) Flow meter
Flame
WC substrate
Wrod /4 :
Cu box \ Stepping motor
. — T—
Cooling—3»N, | —>
water ] I
Stage )%:\ | Driver |
N Stage
Flange controller
\\ H

Fig. 1 Experimental set up for synthesizing diamond on the WC substrate
by acetylene-oxygen combustion flame.

Hz IR
ARFERZBNT, HEbkE UTEL 10mm, JEE 3mm OMIROZ o 72T 51— 4 K (WC) ZAf#
AL,

2 BBPEERE

PRISERIEIC D WC Fsiigiim b~ % A v REBEERIZHEWT, FEEFRmOBEE = o —/LnE
G &0, BELIDWEDZAYEY NEEEZGLIND Z & 0NARER 2 BEE AL AR R L C&E T, 2D
2 BB RIEIE, G BRI IR IRE 2 2 B C b S A VB ROGRKEIT O FIETH D,
ZOFECEY, EREEEORE DY b —LRTREE 72 Y, BARO MR ER AR5 2 L 8T
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&, PORELIWEDOH A YEY REREAGKRT 5 Z ENAGEL 72D, OB, WC OMEHHEL v E
1 BpE% 1273K, 5 2 BRfiE % 1223K (LS XA YEL RAKRE T2, ZOB, 51 BETH DU
B PR A Ak U CHEE RIS 2, 1< Bl 5 Z LSRTREIC R D LB AT,

SEERS
AIERCTHNDZAVEY ROGISEFER 1ITORT, 22T, BEHRA, TEF LT AONELE
WX BEIHI O 7= O O R Tdh 5 0.90 & L7z,

Table 1 Conditions for diamond syntheses on the WC substrate.

Reaction gas CyHy + O,
Film surface temperature 1223~1273[K]
Pressure lOS[Pa]
C,H, Flow rate, F, 70.9[cm3/s]
0, Flow rate, F, 63.8[cm’/s]
Flow ratio, Ry = F, / F, 0.90

ZZC, WC FEAREE OB X 2 HRERRIPEOZE D, ARSI BIEO T < B 2% KIEd
EEZ, RELE U TERBR A PO BRI OIFRE L B L S AR ETT- 72208, (L#uEiy, WC#
iz Ty F 74252 E3AREZR Murakami 3SR (927 28D U o 2 Ks[Fe(CN)g] : 10g, 7K
feft7 Y 7 5 KOH : 10g, 7K : 100ml) |2 WC kAR Lo F > 7 &IT572, Z ZClE, Murakami %%
I WC FERA2E S, Jgm B2 S Lz, 202 &2k, WC HR & GRSzl
FEEn s, (Z<EEEMHIT 5 2 EANATERIC/AR D EE 2 b, F70, Murakami ARIC X5 BRI
WERES, BRTAIR (B2 H,SO, : 3ml, @R {k/K3E HO, : 88ml) &AWL A2 T~ 7=, UL, /390
MCo)DBREEATH 120 TH D, Co lL, XA YT RARRFHZEM G & BRI O HEE haE L,
FEOBEEREDKTORIKNE /2D 7T 7 74 FEAELSEDL LN Z N> TEY T, BRINRICE
PACFIERIZ Z > C Co #BRETHET, 77774 MNEOAERENHIT S Z ERAMREICR D B 2D
N5, ZOBS, (LFAEEEAT D R OFEINC L A R REO LN SRR R T B E D X H 728
Ba KATTDIRETT 5728 Murakami %8RI K AWPEZ 10min & 20min, FRARIZ L HUEEE 10sec &
20sec EZ2MbIHT, T OBEOIEROFTHLEEZTT 5 KRS A 5K 212779, Murakami $A1ZIZ L 5 HpRoOAL
PREEMN] A 10min, BERVRIRIZ L 2 BRIP4 10sec & L7728 D% Case A & L, Murakami A% &
% HAROAFERE A 20min, BAVRIRIC & 5 FR O FALBRE# A 20sec & L72b D% Case B & L,
Murakami &I X B FAR OB % 20min, BEAAIRIZ K 2 Bt OLFBEER % 10sec & L72H D%
Case C & L7z, ZZ°C, Bil-72REREFE O & LT Murakami /&R K 5 B OO AUEEREH 2 20min,
BAYRIRIC X 5 RO LR %~ 20sec & L7=b DEBEL, “4% Case D & L7~ F7-, BBERIC K
LTy T T D%, HAYES REROERZE U 025um OX A 7E L R—R FEEN LIAATE
T b O HMR A AT, 30min BRI CRE(F LR A i L7,

Table 2 Conditions of pretreatments for the WC substrate.

Treatment periods by Treatment periods by
Murakami’s reagent acid solution
Case A 10[min] 10[sec]
Case B 20[min] 20[sec]
Case C 20[min] 10[sec]
Case D 10[min] 20[sec]

ZIT, 2BEARMUEEZWTERREZIT O, K2R X0 27 v F Lo — R OBREER T 0 B0
5 WC HAfgerm £ COME (DD o 22 SETHA VEY FERETITo7e, ZOBE, £3ITRT
L0 ICALIEEE S BISCBW TR LS TENEIT 12, ZORDIEENEILT 2L, 1 vES N
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A GRd % 2 &N ATREZL TR T NI DI MAAL L, ARSIt L O 1% < Bl 282 &

ETZEBDProTNDY,
Acetylene
feather

Rod

Fig. 2 Distances of the flame inner cone from WC substrate.

Table 3 Conditions of the two-step synthesis method for the WC substrate surface.

Film surface temperature Inner cone-to-substrate distances : d

Case 1 Case 2 Case 3
1 step:1200[sec] 1273[K] 7.0[mm] 7.0[mm] 7.5[mm]
24, step:1200[sec] 1223[K] 7.0[mm] 7.5[mm] 7.0[mm)]

= B’

ARFRTHND 2 BBESRIEOARIFRIE, 5 1 BME% 1200sec, 2 2 B2 1200sec & LAREIT 72,

OB, #F2, 3OEMFIZED XA Y'Y REBESHROFMLELTH D WC FEKZE i OB O IFH
(Case A, Case B, Case CI L NCase D) &, FSEPEICISIT D ELEEE (Case 1 ~ 3) AL ST
BESRIEIZ D WC FARFRE~F A YE L REIEOERAATY, BTLERRHH & & B30T 2 B RO 22
(LD E RS L < BELZ & D L 5 7B RT3 ) RE Liket 21T 272,

Z I T, A% Case A, B, C, DDOFMHTIToTZBEDOAREIED X < Bz W CofE R 2 ZF N2
F4, 5, 6, TITRT, ZOB, Case A ORIPESEEICHWNT, KEHFEO H.OEEEZ Case 1~3 O
TS BAREIT->72H D% Case A-1, Case A-2, Case A-3 & L7-, F£7=, Case B, C, D DRijALERZ(:
IZBWT, [FRELS, BBEPSO LIRS Case 1-3 DS TS AR AT 72 b D% Case B-1-3,
Case C-1~3, Case D-1~3 & L7z, EHFICZEBWT, IX<HEEEL 21%, 13 <BESRA3 b HIC Rk -
TWHRIETH S, PE<HEE 1L, BIEDSEM HIESLL F> TOARETH D, 1X<HEE I, X <HfE
DA U EICRRIERNIZ & A ER- TRWIREETH D, T2, BENE L I3EBEOMENE L7
WREETH 5,

F4mD, Case A-1 TIFFERITITBEEZIIHITH Z L3 TE 7o, Case A-2 TIE, 846%DHERTIx < Hff
ZIHITCE, EFICEOHER CIE BEZIIHIT 5 Z LIS TERD, 154%DHER TR BERRET 5 L0 9
FEF L 7p o7, RIZ, Case A-3 TlE, R3%DMEFETIXBEZPIHITE, Case A2 [FIEE, FEHRIZE W
TIEL BEZ IR CE 7208, TT%DMERTIIL BN RAET D LW I BRI -T2, F72, £5, 6, 71D
Case B-1~3, Case C-1~3 72 5 TNT Case D-1~3 I[2BWTCIE, BRI BEEIHIT 2 2 L c& /-, ULk
D MDD, TXTO Case IZBWTEWHERTCII BEEZIHIT A 2 L8 TE T,

WIZ, B LT BIROWE DORFEAAT 9 7280 X #RIETEEE > 27 & (XRD) ZHWTREZITV, A
Bl SAVTZ BN 8D K9 It B h 2 T TN D B EEE T o7, Case A-1, B-1, C-1, D-1 THMINIKL
5D XRD R #KI3, 4, 5, 617, MLV, BRENIEEEL, A1 YELy ROGEEZRTZA
YEY R, ROEDE—7 28T D5 LN TED, LnLRRD, Case B-1 THIRI AT LMET
I, Case A-1, Case C-1 3 LW Case D-1 TAMINT-EEL Y &4 vEL RU1D)ED E—7 H3i< 72>
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TWAZ ENbME, ZDZE LV, Case A-1, Case C-13 XU Case D-1 THRL I /- A Case B-1

TERSNIEELY 4 YE ROERRWI &b,

Table 4 Results of delamination of the synthesized films in Case A.

Case A-1 | Case A-2 | Case A-3
Non delamination 100.0% 84.6% 92.3%
Half delamination 0.0% 0.0% 0.0%
Delamination 0.0% 15.4% 7.7%
Abnormal growth 0.0% 0.0% 0.0%

Table 5 Results of delamination of the synthesized films in Case B.

Case B-1 | Case B-2 | Case B-3
Non delamination 100.0% 100.0% 100.0%
Half delamination 0.0% 0.0% 0.0%
Delamination 0.0% 0.0% 0.0%
Abnormal growth 0.0% 0.0% 0.0%

Table 6 Results of delamination of the synthesized films in Case C.

Case C-1 | Case C-2 | Case C-3
Non delamination 100.0% 100.0% 100.0%
Half delamination 0.0% 0.0% 0.0%
Delamination 0.0% 0.0% 0.0%
Abnormal growth 0.0% 0.0% 0.0%

Table 7 Results of delamination of the synthesized films in Case C.

Case D-1 | Case D-2 | Case D-3
Non delamination 100.0% 100.0% 100.0%
Half delamination 0.0% 0.0% 0.0%
Delamination 0.0% 0.0% 0.0%
Abnormal growth 0.0% 0.0% 0.0%
g g The synthesized film in Case A-1 g g The synthesized film in Case B-1
5 — 5 ~
: < S : S
= || = 8 > | e d
@ e - B =
g 2 o 3 2 é
= 8 (9] IS 9] a8
[a) a £ o
L T L
) LMJLMJ S

30 40 50 60 70 80 90 100 110 120 130
Diffraction angle 2 6 (degree)
Fig. 4 XRD patterns of the synthesized film
in Case B-1.

30 40 50 60 70 80 90 100 110 120 130
Diffraction angle 2 6 (degree)
Fig. 3 XRD patterns of the synthesized film
in Case A-1.
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g The synthesized film in Case C-1 g g The synthesized film in Case D-1

Intensity a. u.

g; Diamond (111)

Intensity a. u.

% WC
Diamond (111)
%Lamond (220)

%Diamond (220)

USSCS N 60 1110 W S S WRIY G- E—
30 40 50 60 70 80 90 100 110 120 130 30 40 50 60 70 80 90 100 110 120 130
Diffraction angle 2 6 (degree) Diffraction angle 26(degree)
Fig. 5 XRD patterns of the synthesized film Fig. 6 XRD patterns of the synthesized film
in Case C-1. in Case D-1.

LD Z Lns, FA YT FEEAKOFLIETH L WC FERFRE DL FABROR &, HBPE
T % A 25 L S ETORBERIAIC LD WC BRI~ A Y& FEIROGHZAT > 7oA, A
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TN EL S L < Bff SR A T2 L o T,
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1. IIC®IC

BLE, FEERBIREID 1 > LTHA LY B
PDERENTWS, ALYy RiZFEIIHFFD
TNANN—=ZWERRXAZTOAY /3 I o
LCTWb, AT R, #it, kéeF=
—AVDRAEMTHY, BEF 2 — AP 10~
1Swt% & £4Ld & Sb, ZOEF 2 — A 3R
B g =D B TiEa<, RILKFEEFE LT
B ERH e SICRIARRIAEN D72, Zh=IZ
SHEL. BT 2 MLERDH S,

FA NV RPHERMEICH 561X, BRI
O CERIE S AL, BUKSOIMBER AL, e e
Fa—AENHLTND, I, DEHEED
728, HREAAIRLT L ) RIEOEIMIFTH T
W5, ZOHEEFBKE X OEARMZIT 5 729,
R RXF—HE L BREANPBRESIND,

B TIE, BEF 22— A U OSBERR ClRE R A
FIHT 2 Z &T, B R Ei LR RV
X—[ENAEETH D EREINTND, FFiT,
ZUH VIR E 72 DB KFZ RN & 20~40kHz O
TSR BB A 2 B 5 2 & Ty [EIY
ZHEEOM & =R X —IHE DN D &l &
NTWo, 22T, BEEETT VO NVERPH
FFCE D 200kHz BL LD R EERABE I 2 W TA A
NP2 RSO ETF 22— A VAN OMFE 21T -> T
T, L LR n, ZOEIINEIZEEN. - 72 FF K
DR ORI 2Tz, AR CIIE SN Tk
J iR L AKEOEEI AT S 729D, 200kHz
H LML KEOREZRF Lz, £/, A¥
— 7 — % T B 7 1A 28 kHz B E I &
FWTOBEZ T B R L 7=,

2. EBRFE

FERIEE O 2 X 1 1R T, EEEEA I
A A2 & 28kHz 33 & O 200kHz O #3512
a2 o, BE IR AELEE O X 200W &
LTz, FT7. BUKIEIEA X —F —% AW HERIC
TITolre HFH « TAN—ZEDOFA VLY R
CKifE 3~5mm) % FEERFEL L L THW . BRI,
85°C DA A 7K 60ml (- A1 LY K 2.97g &
NaOH 0.03g # A5 Z & CIERR L=, £7-. &K
OIREIXRAGEREEZFIH L TR Lz, £
A B — T —Fii JOEERRA 21T 9 A, &
HERE T NI A (Ar) T20RiER L7
(100ml/min) , #D#%, A¥—7—F#
(750RPM) 35 L OB H I IRST (28kHz, 200kHz)
Z ArZHEK T 15 o T o2, 72, H0, (0-
1000ppm) (FEEE B REHANCIRIN L7z, ALPR%,

KENZFE LT ETF 2 — A 2RI L, MRSt
TRICEEZHE L, £O%, BAEESIICT,
MR 2R LT,

l T Gas flow

Hot water

Solution

"~ Oil sand

Transducer

B 1 SEEREERE OB

2. 5B O

3. EBHER

31 EFa—RAU R
AEBRTHEATLE2FANY L FRDOEF 22— R

EREFAEESPICCEM LR, 123wt% T
HDHZ Enborolz,

32 REF—F—HBIC X D058k

AFIZ LY | KEIZ ER LTSN ETF 22—
AUNE, OTDLRD ORI EET, FD®D
SEESNToE T a— A ORMELZEN Lz (MR
LIZEWIE Y, e oaa ' NN L 2E
9 5) . BEUL7oKEEEY (EFa—A 2+
W) ICHEZT b D% BT 2 — A L EIE
DA = AN TS Wl B B )| R b o () 2 A
ICEENDETF 22— A U E(123W%)II5T 5 EF
a— A VA EZEINE L L,

85CITHIT D AL — 77— OGS (K3) |
4) | [EERITH 6%fRE TH o7, 72, H0, D
R % 100, 1000ppm &AW CTH | BEEERE
RO o7, UEORERLY . MEEICEN
TAH—F —HPICB W CRER L kE & O AR
TR B0,
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3.3 BEHBHICRI 508 L7 (28KHz H,O, 1000ppm) . i@E&{l/KE D53 fiE
85CIZBNWTC, TAIVFEHKRUCTHBERRFEZ »OAERTIBEI ARBOFESNRKEVWE bR

TolBEDEF 2 — A EINFERZK 3105RT, %,

H,O, RN DOBA X, 28kHz (2 F31F 5 [EICE I

39.3% T, MifEIX 090 THolz, —J7, 200kHz DY 100

Ak, BIXER 24.2%, HiE 0.89 Tho7-, AfaTIx O Stirrer 0.81
FUE L TRV, IRIRIRE R LR X5 2 LTl 80 | |O28kHz 0.2
INFEB I OMEOH ERR 6N, ZOEEAE LT, #8200 kHz 0.79
BE LRI EF 2 — A OREMEF Lz g 00 |
T, WoOBBENMEEI N0 EEZOND, Fi,
BEN IS 21T DB O HO, IBE 5 < 5120
T2 A3 CIRIURITHM L7, H,0, 1 % 1000ppm 20
352 ET28,200kHz &6 6288\ T H[EIVER T 0.90 0.91 0.89
80%% #4727, #5I7 28kHz TIX. MEES 081 L BAF 0 . — -

(=1
o
—_

R (%)

40 0.90

B

0.89

AR LT, ZOHEBE LT, HO, 34 A i 0 100 1000
FEHR CHIGT DI E TERINIZIWRET 22— Rk TN (ppm)
AUVOEVIZHET A EICLY, RIEZBOREN

INEL D . BEF a— AL OKEA~D ERB L OV B 3. 85°CITI 1T D E s L O A iz
WERRLEEEZONRS (M4) , Zhicky, & BT a— A VR (e )

R LA A vt v RITEE I L 2 HBEE
MaZ g3 <z, EERm LLZEEZZ LN
%, H,0,100ppm (233 T 28kHz & 200kHz D [H]IY
KOHEFT/NEL o 72, 200kHz [T RNE W2,
& 5 —EOEBIZ BV CRERMLKFEI DA LR
WNE V% <EAET 5, FORRE, 28kHz T
200kHz 13578 D —>—21Z X 2 HEEER 550 &
INTVEN, ZOERT LRIEEN LN, R
BT 5 E 28kHz E B BRWFERIZ o7 S HERI S FE— .
nNo, HEIZ, EF 2— A OREICAE LT A 4, BF a— A UERIAERE LA
OV THRE L7, S5IIEFa— A 28BA L ¥ (Hzo2 lOOOppm)

HITAT L — N EERO EicBE, ZOTHHE
RHAZTEALIZEDTH D, BWHRIL pHI1 DT L
HIVERTH D, HEifEHRLL 2 A, E#iEk
KENOAR LIZRIANT A VY FEOEF 2 —
AVNAE LT L BRI ANRETF 2— A T
MELIERERISETWHEZ D, EFa—R
VREIAE LI KT m bk FE O 0 iFEH b Rk
L7EBETIERWNEEBEZTWVWD, ZOMELZEE
FHAKENBEROERIC LV EEST HZ L TH
BEOI T & W o TeBEER Z EA L, A v
RNBOET 2 — A OFIBEEEET 5 & Bbh b,

Flo, MELEKIAOFENHBEL - EF 2 — 2 v 5. ©F a— R Nif 35 LTBENT AR
% RS LM ZH S TWD EEZLND, WORET (pHI)
3 SR

A CREB L KFEOIFRIZIAA VT R0
B o— A BRI IRATH Y BIIRIL, FHEAE
% FFICEIER 80%LL b, HEE 0.8 LU b & ERL
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BERRAAVIEFTLEN S ORIEICET 58K

#K S, hEe—L AL Rwb
(LR ZERD
suzuki@gipe.akita-u.acjp

BEEE - HARKRESK TIE, ERIC L0 g T O KSR ik 2 TP, B8L%2
T 4T~7 2 —)VOEMICHEKIMRA L, R ENEAE L, B, B
BR LI X 2EFTEENRRSESNTEY, HEREICHTZRENEE TH
Do VERDBREIETIE, BRI REIIRDNY, ZEOKDBULEL SD, K
WFgE I, BB LET Ch 2 BNEBLL 2 VT, HEE A L7 o
WM 22D K& T OBREED n[REDMRET L 72,

F—U— N BB, FRiE

=A% :

BRI AT O IIIIRAK DR EE L TEHZENETH DN, REKERNEKT S,
N, BEAEATZ T, BEEKEZMALRN G, EnEHIR OBRE 2 FTEE G
AT EN G oT,

AWFIETIE, TIROARED 300g 1 NaCl & 6.12g ¥R L7- H38%, ATyt L UCHEBUCHV=, )]
NR—NZERR T Uz B eidiE 2R, BRI —AR Y, BRRICIIAT VAR o il
MU, FEBRIE, N7 MO TSRS A A 2k Z e U, BEET 208 U ClatiesEn HHK L,
24 HEICHEK Z B L, BB, HECHEKICE SN OB NIE L, Fhrit, HEEhof
BALD DIAIRZ BRI L, pH M ONEESRAHIE L=, TR Oy &25, 15 300g O 0.1%I2%47-2 03g LA
Tt s Z L2 Bfs LIz tED -,

XU DITIAKDIHN L DR A MR T 5720, BREICA AV AZHUKER F L, KEOEOHES
PRIGHEE R AT, T P9 D /KEITZNZ21 02mL/min, 1.0 mL/min, 2.0mL/min, 4.0mL/min ¢
S CEREBE Lz, FEREIY, KENZWITEERPIBIIEL 72503, # FKENE 2 500K EnN#EnL
77

WIZ, BEBGUZIT 2 BIREOE O BREEE - R F TR E T~ 5729, KEZ 02mL/min —
EIZ L, FEIEZZIEIL 10mA, 30mA, S0mA —EIZEE LIER L7, ERZiS2WGalE, 29 HT
WS IRIEM 0.1% L 72~ 7273, HEit 10mA D4 24 H, 30mA 208 50mA Tl I8 H CZoEIAITE L, &
WMEWETZ & T, BREEREENM EL, HPkELED Lz, £72, 30mA & 50mA [EA B CEBRAK T L7223,
THEFE IR 30mA DB IVNSNZ ERyhoiz,

INHORERLY,  BREETHI TR OWEEZ S T5 ZEDHENTHLHD, BHIKENEKRT 5,
UL, BEAELA T 2 & T, BHEKEZMZA 20 S, HBEB ORI TRETH D Z & 23550
77
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ﬁ*mﬁmﬁ

-
REFARMUOEN P UL, TRk
e, sk T 5,
B ih kAR A —HiahBREEShAE TR S,
RS LB BT R

REFMICE-RIEN RS

© KTHIE

=1 B300gi2 6L ifnﬂc%iﬁﬁb#mcu}nsom%%s%
(NaCl&:6.12g)

=Sz & Bk

1ifem]
25[cm]

Displacement [L]

0.2ml/min 1.0ml/min 2.0ml/min 4.0ml/min
Experiment Condition

HEAK B DEN

11

0.2ml/min  10mA 30mA S50mA
Experiment Condition

Displacement [L]
o N i ()] [#2]

~+0.2ml/min
= 1.0ml/min
- 2.0ml/min
~4.0ml/min

Salt Content [g]
N3

8 r +0.2n1|‘,"rhih'

=0.2ml/min + 10mA
~ 0.2ml/min + 30mA
— 0.2ml/min + 50mA

Salt Content [g]
N3

ﬂﬁ?é*lb‘ﬂﬂiﬁﬁﬁmux*‘
FEXEHBVEE, EAREBENE LU, U ﬁﬁ?é
KEMENTBERIC, BONBHKBEENT Blew, BIk
EE@PEERVLBVARL.

DEDNEICSIIESHEN. ENREREICKE<HETD.
2FD, ERENBSVFEHERRNC LTIN, HBESHEE
EETIL, BVRHCREBEENHDILEZIOND.

ALEETBICHRBNZETERTICLT, KENFFHULE
BLLBTEE, BN DDKE TORMENTETHSD, B
SRECFSRIERFHORREIEREINE.
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RAZREDEFRON—F ¥ ILEKE S X T L

EARER, MibEz, @ f

(5 3WtE 7 —"7)
tamamorto@ie.akita-u.ac.jp

BME: REZROBWMITIEELRBE LM THY, E—varIFx 7 F ¥
(MoCap) & VR & - CTRRKZ RS 2720 O EN e ST 5. ZHET
%, BRENEOAICEHR LTV, BEIFEEL T TR, B, BUOREE,
AREE, FH WY FOLIRBAERREEZEUDEANRERTHS. BAROT-DIZ
X, BEERENMESS T TR BA %F%W%Lﬁﬂg%ﬂﬁé ENEETHD EOB
S5, A, MoCap & VR Hiffizfi~ T, BMERELED CEHRLABRTE5 Y
AT LERFE L.

F—U— N RIGEREOHEM ., [mA&Hdly . N—F v VKRB, BEREE

SR

EELITINET, EHOBIRECER L, VREGNE AW CERIEREDEER DK E BT 510D
Wi ZAT- CE 7o, Alnl, KICITEMES T T, B, 858, &%, W T2 L OBEREDIR
R REITHD EDBAND, BEBREL S—F v UERTE 2T AT A2 LT,

Ltk ZOWFERRREIER L, FiELLICIsT S EIROENERRA 2 BRgE LT, (A7 =
LS 2GR T 5 2 212k, Vi A 7N ERRHEDOIER A R— M5 27 A @i Lo S—
T VR OREEREAT S

1. IZC®IC

RRZREO BT EE 2 UM TH Y, ROBNETHUERDD. EXLIL, T—vardx 7Ty
(MoCap)% FH\ N TR OIEIENEZ Fii% - fRFL, VREFGRZHAWTC3IDCG 7T =A— a V CEIX 2 HBI 5
AT A1), %ﬁ%ﬂi%/XTApmmm%% LT3,
fRADT-OIZIE, BEREEOTR: - 217, EEREMEOFE R TIIA o Th 5. HimE, BESTT
&< ", ﬂﬂ@%ﬁ fk FE, B0 O LD RERREA SUEANRERETH LML TH D, ED
T2OIZIE, FERRENEIZ U T < BRERBE LR - RFL, ME AR L o583 2 0803 H 5.
ﬂﬁGTﬁﬁ%iﬁ#é%ﬁ ERFENEZEIG L2 3D O NET AT TR, BRQCEAREAHEIL-
3D EFNVLHETALERHD. L, 3D T LORINRCEME L T AIZE - T 3DCG TERREE
B¢ Z &1dEE LY. 22T, ABMETIE, 3DCGHWEDREMZE T THRSITEMOBERREEOERN T,
fERR L7z =227 27 & MoCap & AW CEEIIOEERN T 52 AT LAOBFEZ HIE T

CDOVAT LD ZLITL T, VR ZERICHROBEREAZFL TS, £7 VR Bz A CHEE
OFBUSTE BT TR, BEREEAVH T 0T 4 7 ITHMEL TEREREICRA LN G, FEROREREE
MNTED.

2. MoCap ¥ AT b L HEBMET — 4% DR - TNV

2.1 MotionStar Wireless™ 3/ 2 7 2\
ARIFECIL, BRROLIRENET — % 2 BS54 57212, Ascension Technology #1517 MotionStar Wireless™ > 2 7
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LEAND., ZOVAT AT R T UAI v H 2B RDBEARD MoCap T, A —T 3 MEHTEHIRE)
VB — 2 25089 % PC LEHi SND. BEEWET —XIE, FT7UAI v XITHT DBV VOME (xy, 2 BEO
Y LY O B (Azimuth, Elevation, Roll) @ 6 B FHE Cicdk S 5.

22 Kinect

BHHAID MoCap & LT, w7 u V7 MELVIRBINTHDE 7 —ALT /31 A TH D Kinect 2V 7=, Kinect
IZRGB I A 7D FEEL Y EH L, ADESCEROBENIE, BEREZR#HT 5N TED

Kinect DVEEEE L 10, Kinect 25U & 32 3IRTTHEIER T, ANOBHONLE (x, y, 2) BEY, BHOEHRA
EOT =R ERHFTE L. BiFLI2T — XX 1308 Z L2 USB 7 —7 /L CoRMMLE PCIZEDILD.

23 FEEET —% o

AHFFETIEL MoCap > A7 LK 0 BT 2 5 (AEMET—# Ofgll LT, BVAAL Kinect DB S DHE
KOWET —& 5. Kinect 6 U 7 VH A LATERE LT —Z1%, MAICEZE LT KMO (Kinect Motion
Data) JEARUCZHL L T 7 A /WHRAFT 5.

BVA 213, FEEIOL4F, 7L—2hL— b, 7 L— 5L 2 L OBFONE (x,y, 2), BIFORE
%A A T —F (Azimuth, Elevation, Roll), EXL UL FDR7r—/L (x,y,2) DIFRNE L HLNTND. KMOE
b BVA AL FREICEBIEIOLF, 7 L—AL— |, #B7 L—2 5 H 2 L ORBEOME x, y, 2, BEfO
WHAAE (BHTH]) OFRIE EDHLNATND.

24 3D ANBET VO

AWFFETHERT 5 3D AMETNVOT—ZFERE LT, pmd BXEHEHTS. pmd FXiE MikuMikuDance
(MMD) [6]CHWHN TS 3D ETALE2R I TH D, 3D ETNOREERTTELT —X & 3D ETLOL
BAEHEHT 272D DBAEDT — X Ffo TN, BT —HIZ BVA XK KMO FEAOT —# &g 5 Z &
T3ID NETNLEZENZ ENTES.

3. BARVAT A

31 VAT MMEE

EIRARERR L QWD EFR L LT, BB EOMIC, , EROBREE, KEE, EE, BHLSAOMOMY F
DX BBEBREN DD, D7, %ﬁ%ﬁﬁﬁéﬁm,%ﬁ@ﬁ%ﬁmbth@A%%?wﬁ#f&<
EAREAZHB L 3D ETAVLHAETAMNENRHD. LovL, 3DET /MENEZEEE L TV AlZid 3DCG T
WRREAZEITS Z LI LY. 22T, ABZETIE GUI 2V T VR ZEICERERE A BRI & 5
BREZ BT 5.

AR THIWE L2V AT AR Z K LIRS, EDE— REABRE— RO 2FEOE— R3SV, FHAIZE
— REUVEZ AT LEINTED., AL VAT LATIIET— ROEH & Kinect OFlfHIZFT S .

EDE— NIT, BEBRARBLLU. VRZERZERT L ZENENTHS. O LRSI 3D AT
TV, MoCap7—%, 3DTEET /L, HFELWo-FMA4 VRZEM LICRET 2 2 & THEERELZRELLZ VR
BESAREST 5. \NWETF/MEGUI ETEMEL, EEO 3D EFLOPIRET S, VRZEROHFT, RELE
BRBRIEEHT 72007 7 A NE—F ) —T 7 A L EIES.

ABRET— FTIE, Kinect 2T VR Z2M1& A 2% 57T 4 ZITHEMEL TRENER 2155 Z LN TE 5. 1D
E— RTRELIEY—FT V=T 7 A VEHWT VR ZEFOHICERRESHHL L, VR ZHOHICEE S -—
DDONPET IR L Kinect > T T /LA A LMZADOBME &2 SE 5 ENTED. ZONWET VO
THAZEENLT, BANREERDZLNTED.

32 3DCG FHFHE

AL, X 1R THEEEHEEET 5 72DV 3DCG I TIEE T, 728, AWFECIE3D /T 7 4 v
I AFBRBIOHAEEITHI DI, 7V —DIFA T TV THAIDXTA 7T ) 2FEHAL.

321 3D NHETNVDERE

R AF LTIE, BVAER, KMOTER, U 7 /L% A AT Kinect £ V155N F—F R0 3 FEEOZ K& E
F—B BRI S .

BRENET — Z 13 ENEIUE T % MoCap 3 AT AT L > T 3D DUSHE RS R N R D128, NET
JVZTHEIS SHDHITIE, (1) 3D ZER TOLBORBIFEARDE, (i ) FERENWET —% & NET VOPIEIEE A DE
W, IZE VAU DA D VER D D,

(u:ﬂbfi BIREET — 2 DYEBOEBIR %, HEIED S TR O % [l 751 C&9 DX 7
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nnnnnnnnn

BETILER
o HEER

GUILTETILER
B

—F—=I74IL

TLAv—(BHH
BETHETILE
fii

U—F1—ER

M1 27 LHERRX

A 77 ) OFREERGHE LB T Z L TAIET VOLEHIEEZIT .

()R LTIE, ANET VORINIEESZ S IREWET — 2 S U TER T H 2 & TZOMEEMERT 5.
322 —F U —T 7 A VERVVZ VR 22 DFEE,

B2 RILT D72 0121E, 3D AET/VE MoCap 77— # 12 L » THBLE N BIENED CG 7 =A—va >
2T, BMBERELHELRTIUTRR O, SHREE L SEBREOEHR AL VR 25 LICHET 57201,
3D FEET N, B, 3D AMTT L, MoCap 7—4, 3D ET/VONE, JEKE, AEZTDRLEY 7/ VE
= —T 7 AV EFES,

V=T 7 ANOERT, K215 4007 4 —/L RIZo3T, AX—ZXYIY OFTF A b7 7 A )V
TR L CW5. —F V=77 A2, FRNRT LI, 77 A NVOLFR, NIET LVOIEH, HBHeL
THEHAT 2 3DET NVOMER, BGM & LT D EHT 7 A VOtF#RE N Ehatit 5.

—F U =T 7 A IR A T DT DI E e, BR EAO 3D TTVONE « [BERAE - JLK
EOFRPFER S TND., ZNOOFRIEL PC ECIIEET —# & LTEIENTEY, 2—¥FRT7HX b
F Bl E R o CEBETF— 2 2B T 5 2 L3 LV. 220, fESE— RITIXGUI &2 AT, BRI 5%

(a) |¥—+v— | v—Fv—orrnosm
wo HLIFALORTH
Da:ce/modeI/stage/test/test.mqo E;)E—’l;;gg,;?*$

( b) 0.000000, 0.000000, 0.000000

0.000000, 0.000000, 0.000000
0.300000, 0.300000, 0.300000

2 BEETIAMETILOH
0 AMETFILOLH
Dance/model/DefaultGirl_pmd8/DefaultGirl ETNT—EDIR
_master8.pmd _
48.957878, 0.000000, -34.554512 I - R A B EAE
(C) 0.000000, 0.432946, 0.000000
1.000000, 1.000000, 1.000000

EAIEA *‘]‘IEN‘H'L'CL\%)MOCapf—’;TU)%oEH
Dance/motionData/tPose/Donpan.bva *‘TFE\NHL'CL\%)MOCaPZ—QUJI\X
BVA st 1FLTLYBMoCapT—42 D EHE
OPOSE M AFFLTLN D MoCapT—2 DI HI LS
A EFHT%E‘%U)%EH

(d ) Dance/music/BGM/Kakumagawa.wav EFHT%)E‘%Q/\Z
0,2342,0,0,1749 EHEMoCapT—2DIL— LD

2 —F V=T 7 A NDEL
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REREAEEL, BB —F ) —7 7 A VEERL T AR T 5.

YEAE— ROMEZK 31277, X @ (IAETV, £ CEE) , BEOET VAT D A A il
Ths. ETNVOEAERRTHZ LT, FX ODOANWET IV - HEEWET — 2 @A RICEE T 5. 22T
IIAIET NVEIRIRL, SR L7 AET UCHIERENET — 2 2l 5. WL LTSRS eOR L7 L E
= —[HH CHERRMN TE B, \WET IV EFERENET — X DEIRNED D & AL VEEHOTT VOEBIZAMTT
NERLIET A 2y PiBMENS. TA 2 OGE g CRT. ANETVOBIRCHIBROEIILY A 2T
119, AA VHEHOMZEOEA TIE, HRAORIMERET S, HMEOHEE TIIHAED 3D T /VEERRT 5.
TR UGN RET VDT L E 2—RNFRENIDT, HEMIZED LS BREEET AR LD
2722 TD. BUEDOHE ZERT 5 &, [N O ANMEET /URERHEISER TS, Z 2 Clk 3D ZEMICEE L
FEAETNADO R ET N AR LT AL EZ RT7yI7 T RRry 7 LT, BRICAWET VERET 5.
FTRCONYETNVERIET D &AL VHEEICRY, RERT B D X512 0. RERZ &L, [FA
KD —F V=7 7 A VAR EEEIOGEER L, v—T V=7 7 A VOLHTEFLR TE 5. 4RiEd L,
PERZ L EATT & —F Y =T 7 A VB ENS.

& TN o 5% ma— #a mr EE g (ISR R Il*!ﬁl'll‘!’“l‘;ir
inarandhem iy di ABEFL BT —5 | TLEa—

iy
A
i
L

- WA e e
"I[."“"""""“"""“ n L

(a) EBE—F DAV EE

> BIRULEETILETA(OVTER

EMEADLTCEEL
A & A DT T3

Rl

FAAVERSYI&ROYTL ]
BICAMETIERETS |

(c) AMRETLECEEE (d) —FU—T7 AL AR TE E @
X3 GUIZ R —F ) —7 7 A L OARL

323 AATT—7

KU AT LTIHEARBUER DA A ZITINZ, — ABRROT A T EEEL TS, — AFMRRO T X Z Tl
£V VRZERNZA VAT L S IR NERE DR AT T —7 B T2 L3 T& 5.

— NI DA AT T — 7 OAERTFIEL, FEREET— 2 BEIS SN TS ANET A0D, BEOAE LW
EOEWE A THIORX TG 5. BfS LIZREEATINCE DY TH A T ONE, EERZHICREL, —A
RO AT T~ BAERLCND. BIREWET —4 056 Tldie < BREWET — # 2% L= \ET L O
WA H AT OFIBENCFIT 5F50E, VR ZRNCELE L TV AR TONBET VO— AFMRRERETES LW
I ETHD. NWETNVOEDALE L0 Z OIEFRZE I AT ORBNRIFT 5 2 & C, SREWET—4% Tl
WAHETILTH Kinect ZFVTY 7/LH A ATENTND CGET NV THIRRRICH A T &M cE 5. Zhllk
D, BRICEE L TWDETOANIET /UK LT AFLED A T EBRETDHZ ENTE .

4. BRI AT AL DERO/N—F % )UEER
ARFGETYERR LT2 v AT A3, IREFEOBY IZEWET 50, BROKBREITO Z LN TEDINEMERTS
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ToOICEREIT o7, KRBT 288 & U CRKRERIIToMIERA UL ch 2 AR Y 250 EiF5b.
FEBRAAT -T2 & EORL AT AOFOREE X 417, FEEROBR A L B ARE A FORSE, FEROH
%] L 7= DVD #[4] DO & L4 5.

LD, B4 @QIRTEHICERETLVE BDET VIOV 7 NefWTHITET 5. BHETVIENE
BHAD 2 2EFE L. £, FAXKOWTRTEIIE, 3DET I FZDY 7 M AW, AR oiREE
EI-NETIVEAERRT D, RIS, fERR LG AD 3D ETLVEANT, fEAE—RTr—FU—774
NWEAERRT 5. BfRIER Loy —F U —7 7 A VA RBRE— R CHERT 5. AT — RO 2 —TIZFRE
N5 BEER & F3 U721 & DVD b O i & ik 5.

FEEREAT S T-BROAKR S AT WDOFoR & EER %458 L7- DVD #b1 & & Hlk U724 X 510w, FX@E) T
BNEAETAIET VEENESE TS, BEOK, FIIOBEBENHRINTND Z EPHERTES. D
EFLOENEL, MoCap T —4 VW TEITE 52 L5, DVD #bf LI CBi 2545 Z L T&
HEWZD.

FXIb) TILEAELTAYET VEBWESE TS, BHOKY RN T, FHOAESSS L Lo
BEEEDSHILEN TS Z E3bnd. BB 5 & &3, BT E ClliE 2 KB 2 IR
3D ETAREARE L WS- BRI L BT D0 ERNDH D, £, HOERBREBITHIMNERHY, DVD &4
<FAUHEEZFHT 5 Z L3,

PLEXY, FBEOEMRAHFER LB RERE T, —AFMLROI AT T —7R, Kinect W TAMET /L4
YETAZENTE, BREARTHZ LN TEDL VAT AR TWAZ ERbhoT=

5. BHVIZ

EARZREOEERR AR L TV DB & LT, FRENELUMNC G, e, JEROREE, &2k, 3, B8
DD F & WS- HLGBREOERNET OIS, 20w, 3DCG TERZFRATIHIEE, HENEEL IS
L7z 3D DN ET AT T, BEEEAZFHHALEZ 3D TTALHAETIVNERHS. LirL, 3D ETF/LD
HIEIZBER L TR AIZ & > C 3DCG CHRAEREZHHT Z L L.

ARFFE CIERMBZRED TR DO TR BREEONERL & AR A SR T 27201, BABREAHHL L7z VR ZEH OfEEE%
THZENTE, £/, Kinect ZHWT, HEEE LT VREMAA VX T T 4 TITHMETE S L9152 T
BEORBRN TE DV AT AEBIF LT,

WLV AT AT, Y POBZORBST CRMOM Y TR, S A30E LTHIC VR ZEH 415
THIENTED. Fz, Kinect ZHVWT VR ZEEDOHTY 7K A LS, NETNOEBOHIEHC— AR
BOBW AT T =0 AL, VR 268 %EA 2T 0T 4 TIRIETE DB ANRENMEON OB ED Z L3 T
EHZ LR LT E, ERCARIIAERY ofFR, BV PR LT 3D ST AEERL, AVAT AEAN
THEMOMEREZ B L. VR ZEHIZE L. AN 2455 L7z DVD bt & i L7oRER, FIU X
VIR AT D Z LN TE L. £, ER LT VR PR CEARECEREEOBE, — A AFMESOD
AT &AW NED S HFRREATH 2 & TEROERBRIZESLTHND Z LTz,

Li41E, HMDo7 Y7 #ip CEFIAL, £V EANEEG LN EROERBITEORANIHIT b S,

i
ATED—ERIE, Rk 23~25 FREERMIME RIS (O (RUEE5-23500108) ODSTEEIC & - Tk L7z
BEIHR

) ERTSR, B WEER, KFE—E, SR, SN, EREEIC LD RIS ERDOIIODT A AT
VHIWEROR% B EREBEFSE Vol9l, Nod, pp.303-308, 2008-04.

2) AR HE—, SEHfE EARZIS ML, WEFEH, SR, RS, HEE e sy I T RV RBE
REDIIRER AR AT LOBSE,” AR 23 FEEEHRUER E LIS 2 [FIRFFEwie, Vol 2010-2.

3 SEM fF, M W, ML Y, TR K, BT a Ry FF v WU TAX A MEREEREY AT AOBEL

AL 28 4R H ARSI RS FHE B4, pp. 11-12, 2011-06

4) SRHME BANR, IASTE SR, BILEZ, T FREPLOA L E T YT 4 T ERFE ARV AT O ETE

RIS GEED), Rk 26 4 5 H SHEHIRE.

B) Bkt & OVEE DAE, “DVD TSR X DV Y — 27

6) VPVP  http/fwww.geocities jp/higuchuud/index htm
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ARIARRY OB BERZHEICEAETILHKE

ENES

EBNESE
(a) BEETILOHIE

ARIZREY ORE BEE%ZH EICAPETIVHEIE

(b) BROREEXE-AVETILOFE
4 ARNEERY T VAR

3DCG  DVD ¥ 3DCG
(a) BINES (b) BAEE

5 AR AR AT A CHILLCEE
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VR el £ AL BRI F L—= 0 O R T LDRE

m B, E AR K, B LEZ
(% 3WFE 2 L —7 IR E)
shibata@ie.akita-u.ac.jp

MRS . TR, B AOREN OB ZEULL TY YA 7 3 2 E0 gL LIz &
HAEE->TW5, BHSLILTIEEEL T ERZ RIS 5 0T, &5
FHOEMEIR Y A 7 V~DBIMP AR R TH D, EOHIiE, WA
MY T A7 NOEEERFEOEFERIZ, WnE 0 - 2 TEL 2 ENRNELSE
2o d, £ TARIFETIE, VREREZHWCTHOMIEEXE b —=2 VAR
SIREE N L —=0 PV AT LERET D, METDHVATLICELST, &V
% < ORI FE N LZ RIS O SRR A2 PO BEEL R T2 E X5
b,

F—U— K QRESIBE, (EEXE, S F VT T

SR -

EFH 5T 2N E TIZ VR T2 AW TRIBIZAEDEI ORAKIZE 3 D Hiff oL %
ToT&E, ABFETIE., THE TOMEEOREEZ R OSRIEZEICSH L, i
VEZED b L —= U TV AT AOWHEIT 272, VR 372 W TR 0o E¥ %

BIRTLFEE, SEEO N L—= 7RO, MEERLETOSEE, Va1
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Applications of Bio-molecules for
Functional Organic / Inorganic

Composite Materials and Systems

Graduate School of Resource Sci & Eng., Akita Univ.
Nobuhiro Yamazaki

Hiroki Suzuki

Ryohei Matsueda

and

Yutaka Tsujiuchi

tsuji71l@gipc.akita-u.ac.jp

Abstract: Our targets are to study methodology how to produce
unknown functional organic / inorganic composite materials and to
establish systems using those materials, without using rare-earth
elements or rare-metals. Here, three topics on our outcomes in
this year, i.e,“From a bio membrane system to an artificial film
system, “From artificial gel system to human body in a highly
safe way”, and “From ultra violet light to visual light” are

mainly reported.

Keywords: Bio-molecule, Protein, Fatty Acid, Lipid, Amino Acid,
Gel, Functional Organic / Inorganic Composite Materials, Bio
sensor, Thin Film, Fluorescent compound, Ultra Violet to Visual

Light Conversion

Applications: Protein structural research, Bio-sensor, Bio molecular

device, Solar cell, Ultra violet to visual light conversion material,

UV shield material, etc.

1. Purposes

1-2. Using ubiquitous elements for
construction of those materials and systems.
1-1. Application of bio-molecules for
construction of functional organic / 1-3. Design of photo functional organic /

inorganic composite materials and systems. inorganic composite materials and systems.
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1-4. Design of electro chemical functional
organic / inorganic composite materials and

systems.

1-5. Contribution to a high potential
elemental recycling technique and

concentrating technique.

2. Method

2-1. Organic thin film technique for an

artificial bio-polymer functionality.

2-2. Organic thin film for controlling an
organic nano molecular device on
semiconductive, or conductive materials.
2=-3. Construction of new designed systems
using fluorescent molecule and its

application.

2-4. Design of electro chemical devices
using amino acids dispersed in gels, and

Jjunction of those gel systems.

2=-5. Design ultra violet light to visual
light conversion systems using those

materials.

3. Outcomes

3-1. From a bio membrane system to an
artificial film system.

Membrane protein crystal particles in
a film structure, has a huge possibility
for solution to the problem how to design
an artificial bio molecular device, because
of its advanced functionality, or how to
design a quantum dot structure by self
assembled organic molecules. However the
complicity of membrane protein has been
existed toward against researchers.

To provide an effective way to
construct an artificial bio film, we have
been researched on composite Langmuir
Blodgett film of membrane protein and
phospholipid by using our recent method. As

one model case, we have studied
bacteriorhodopsin (BR), which is a light
driven proton pump, and phospholipid. A
method, provides an organic film to be a
support for a biomolecular element or a
biosensor molecule is fabricated by forming
a layer of lipid molecules above a layer of
fatty acid molecules that is a first type
thin film layer, formed on an inorganic
substrate. A thin film, having both
strength and flexible structural
characteristics, enabling formation of a
planar structure of lipid molecules and a
curved membrane surface structure for
fabricating such a thin film must thus be
devised. By selection and combination of
fatty acid molecules, a thin film structure
with a characteristic pattern structure can
be obtained. Furthermore, a bottom
substrate for depositing bio molecular thin
film makes a different effect on surface
structural feature of the film.

In this year, second patent that its
application was done in 2006 year, was
established in the Japan patent office in
addition to the first patent established in

European Patent office.

Patent

Yutaka Tsujiuchi

“MULTILAYER MOLECULAR THIN FIIM OF FATTY
ACID AND LIPID TO BE SUPPORT FOR
BIOMOLECULAR ELEMENT OR BIOSENSOR MOLECULE
AND METHOD FOR PRODUCING THE SAME”

EP 2006684

JP 5162748

3-2. From artificial gel system to human
body in a highly safe way.

We have been investigated in the
problem how to design an artificial bio
molecular gel film for constructing a bio
molecular device that has a highly
controllable interfacial ion conductive
property onto organisms. To provide an
effective way to construct an artificial

bio film that can be safely attached to a
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living body or an organism and can
transport ion into them, recently, we have
been designed a gel-gel interfacial ion
conduction system using different two amino
acid molecules as additives.

Firstly, glutamic acid(Glu), aspartic
acid(Asp), glutamine(Gln), proline(Pro),
and glycine (Gly) were used as additives to
agarose gel. Gel-gel interfacial ion
conduction was analyzed by voltage -
current measurement. Several patterns, Glu-
Gly, Glu-Gln, Glu-Pro, Asp-Gly, Asp-Gln, or
Asp-Pro, of gel-gel interfacial ion
conduction were compared.

Secondly, interfacial ion
conductivity between acidic or basic gels
containing amino acid. Aspartic acid(Asp)
and arginine (Arg) were used as additives to
agarose gel. Gel-gel interfacial ion
conduction was analyzed by voltage -
current measurement. The direct current
measurement of the case of (+)Asp-Arg(-)
and the case of (-)Asp-Arg(+), resulted
gel-gel interfacial ion conduction has a
rectification property. Especially, current
of the laminated gels patterned as (-)Asp-—
Arg(+) with thickness of 2 mm, showed 20 mA
at the voltage 4.0 V.

Furthermore, photo-controllability of
current by semiconductor film under gel
systems was found.

In this year, a patent that its
application was done in 2011 year, was
established in the US patent office.

Patent

Yutaka Tsujiuchi

“Solid Electrolyte and Electro Chemical
Element”

Us 8,470,478 B2

3-3. From ultra violet light to visual
light.

This study focuses on the application
for a design of not only light transparency
and also ultra light to visual light

conversion materials. In this year, as one

the START projects which was promoted by
Ministry of Education, Culture, Sports,
Science and Technology, we studied a lot on
the newly found superior materials for the
purpose of application onto cosmetic
materials.

And also we have been studied the
other diversified application in the field
of materials for sensor system, molecular
and exhibited and

in a exhibition

electronics, and so on,
demonstrated in detail,
“Innovation Japan 2013” held in Tokyo Big

Cite during August 29 - 30.

Patent Application

Yutaka Tsujiuchi

METHOD OF SHIELDING ULTRAVIOLET LIGHT AND
INCREASING VISIBLE LIGHT, AND ULTRAVIOLET-
LIGHT-SHIEIDING AND VISIBLE-LIGHT-
INCREASING MATERIAL WHICH ENABLES
IMPLEMENTATION OF THE METHOD

Publication No. US 2013/0221239A1
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