”

Research

/\/
\/\/

FrE19FE

| Rtk % e EHEHRR
ABFERMRES




Fresh dislocations in GaN
Ichiro Yonenaga and Shun Itoh, IMR, Tohoku University

GaN and related nitride compounds are attracting tremendous interests as
wide-bandgap semiconductors for applications in blue and ultraviolet LED and LDs.
Fundamental knowledge on kinetics and properties of defects is crucial for
addressing their stable and efficient functionalities. This weak beam TEM images
shows fresh dislocations induced by plastic deformation for understanding the above
purposes.
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Fig. 1 Appearance of single crystal TNTZ fabricated by FZ method.
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Fig. 2 (a) Optical micrograph of cross-section of
specimen quenched during growth of single crystal
TNTZ, and (b) each part of concentration of Ti, Nb,
Ta and Zr analyzed by SEM-EDX.

Fig. 3 Diffraction patterns obtained from single crystals of (a) water-quenched 25Nb, (b) air-cooled
25Nb, (c) water-quenched TNTZ, and (d) water-quenched 35Nb after solution treatment. Beam
direction is parallel to [113] direction in 3 phase.




Fig. 4 127k L7z TNTZ B S5 L 0224 L 72 25Nb B 5 0 <100> 5 [ 20 H<110>H [ DY > 7 R %
Y, 22 L7 25Nb i d o v o 7 BT, WThORE & AAIZB W T H KM L7z TNTZ B i~
TEWIZLERNbnd, BRI 7 o flBIEHERENS ., Z O EIX isothermal 72 o fHOHTHIZE KR4
HEEBEZBND, o HONHICLD VY7 RO EHIZ, INTZZERICBVWTHEEL TS >, &
DI, MEEEMEROY L 7R E S MO KFE L, <100> 1\ T bK< . <111>J7 17 Thi
Keln, HBENY U TRERT<I00>F MOV 7ET, KERDL<UISFROZENITEA, K
IRRRELRD, RFRETHLNTEY 7D L, EHIRWEE 72572 TNTZ Bk gk D <100>7 [ D
YU RI ERBMEIOY 7R E L CEHMD TERWH 35GPa THY  JHEHEDOY 7R THD 10-30
GPa |[ZiT D5 Z ETkEI LTV 5,

100

80

[N
(=}
—~——

o
S

—— Air-cooled 25Nb
————— Water-quenched TNTZ

Young's modulus, E /GPa

[\
(=}
T

O 1 1
0 10 20 30 40 50 60 70 80 90
Angle, 6 (degree)

Fig. 4 Dependence of crystal orientation on Young’s moduli
of single crystals of air-cooled 25 Nb and water-quenched
TNTZ after solution treatment.
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Fig. 5 Compressive stress-strain curves of single crystals of air-
cooled 25Nb, water-quenched TNTZ and water-quenched 35Nb
after solution treatment.
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Fig. 6 Optical micrographs of single crystals of (a) air-cooled 25Nb, (b) water-quenched
TNTZ, and (c) water-quenched 35Nb after compressive test.
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VEAEAT |
Break (10:30-11:00)
11:00 - 11:30 BH #H— G HER)  [THEERET A AP OB S v U 7 O 1A B I #E)
11:30 - 12:00 AfRE FiE (ML) [ERREE2AEEE CHBREECES itk v Ekans
¥ U 7 EARREE D E &R
12:00 - 12:30 K& # (KBK) MR 7ov 2 L2688 87 0 P22 OERLE R Y < —fxix -
MRS T DR
T

RARZ—F g
Pl. BEE—AS (LX), MIERE, NI, PHER, AERE. RIS
[ VBN F D3N LT & BRI K B T 3 IR — T —MOTFT 5 /34 R DREEE |
P2. SLEFY (BIMR) . DMNEREE, i)Iss . /L, & sk
[T NFIVEBRSY Lo VA 2 RFERZ V=SB ENE n B TFT & OM0S A > /3—#
P3. [LEEIER (CRFRK) . BRAESA, JREE ., SRR, FRERE, 1resi—
[ERERES R T DA Z BT DAERANERO X ¥ U TR
P4, B)IESE (BA a—=7 V), JIMERET, &AL, 7rasi—. /IR
[B AR Ly IR & D B NEZR e & AREERS G N 7 v O A 2 Rtk )
P5. HIFAR— (JUNKR) . REBAR., \ZIEsE, ZETHER
IR N1 7Y v FHEEIZ K D ambipolar 7 /34 X |
P6. fEMHIES CGRTR), OWEMEH—, L Na3ER
TRYTZNABAFNT 2= Ve T 7Y — VB AG R 7= mPERE n BUAHCEE R DB % |
P7. HeHSETR GRTKR)
[FNT U AT7—=F4 KL D (TTF) (TCNQ) FEMRZ WA & 7 2 O 2 &2 OFEMARFLO R E |
P8. miiEEH (FERME) . EWINEA, (LHEEHE—, HELK., FERER
[TTF R &I EME 2 AW AHRERDRI N T U |
P9. [LWHF— (GEREP ., ER)IEA, 5L, Tk, EfEEn. WMNEEE, Hadtid, FEEER
MBTTF EEE N T o PR X ORm =T V7|
P10. R4 GERRME) . ERJIGEA, IWHE—, &Fn. WA, i
AV NEKERIZ L DIREEIER X EIK T DR H
P11. fadale (GERHE) . B)IEAE, SEMdk, IWHFHE— +a4kd
(R RN T P AX DB AL LAY N LIZEIT 5 Motional Narrowing Zh5 )
P12. &#&HE (HK), i, FAE—H
[JE B O ZEE N K D A RS8R - FEAR ] OBt O REAM |
P13. MBI CGRR), ook, MmiE, HFARE—
[ Ry e O RE L N T P A X R

— 9] —




Pl4. FIGFHFE (BALK) ., MHE, FARSE—8
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P17. Satria Zulkarnaen BISRI CHALK)., @ik, MIEKE, EhEEZE
[Ambipolar Light Emitting Field Effect Transistor Based on Rubrene Single Crystal]
P18. TAFM CGRILR) . BEEE. BlRE. KAV, JIIRHER, SRz
[Electric Double Layer Transistors]
P19. EBFFfd (RAER) . KAB. THRFM, Stz z. JIEHER]
[SrTio, Hiffidh & AW EBR _HE b 7 v ¥ A ¥ O& BRI
P20. HEFEH RALK) . @AM, EERkd, SRIBE. BREIEG, KA, )R]
BEEMNED TEEREMRETHT 3 v b —85O/ER L 5]

U—rvay I, 6 H28HH 30 HE T3 HM., BFEREFIBAZ [ LWERE TICk T 50171
MK RISBEDIRR ) L DML L TiTo 72, O, AEEEBIIEICE N TH, KV —27 gy
TOMEG E BB LTIEMENN ONBITH THLT-OTHIN, TO—FHT, KU—r gy Th KEED
CHF IR 7t ) RO & L CRIAT 5 2 & b AN Th D, ¥4 buik, THENZ
AAOFMEEIGH] &L, &L LT, 28-2 9 AIdeiEERE., 2 9 AKOBHENS 3 0HETIE
FRAREIR - BHHBIC TR 2o, BEMENT, NEERE2 61F, RAX—HEL2 0T, RBMBEHKILT 0
HTHoTz, RU—7 v a v, FERBIEORES ., BBHEFEERFEROSMERD Z LN T
&, MO THERMIES L o7,

KW D b - & b RE28HE LT, 1 HHEIZ, emerging electronics MOED>TH B, Bk~ L
7 ha =7 A0SR — 2 — MBS ER T RIS 7 FEEz, )RS AL R 0% 0 5 — NI HAETE
ZBREWL, Bt L/ bo=7 ZAOEKZBENEWETEWEZ LR BT b b, MBFERT. TELT
7 ADKHEE AN LTEBH T LS U7 VA o@mBEIE L D BRI NS D D R L -8R & ViR,
BRI - G L7 hu=7 RFIARETH D P2 FEE Sz, —, JIIEERR T, v A L—W
—RFEVE A PO TR U7 Zn0 LS S 2% B 77 — L 2D B 7 PGSR K GaAs/AlGaAs (238 2 Bk % 1=
LIRD TWBEIREZRN Lz, Bt 7 ba=7 ZZBWCTHRD by 7 &2 EDWEAEDOFHFEIZ, €18
Kb THIEMN TEEE G2 D LD TH T2, — T THEHO Hig+ & Fmtt 2 Re4 555 I 57
LD TH-T-,

1HBIX, ZHI&EFE, RAX—T L Ea— RAX—kyiarzifnlzIs—nifsh, &
RBBEATIRT 4 AT v a URRIMThIL T\, 2 HHBDOKREZIZ, S EKIRERICE LS 21To72
%, 2008 FEFED THHITMEIEAFIE) REOT-DOWEHRSE NI, FFRBEEDO Y A NT v 7R, 5N
KHELHEGHHYE 72 EOBEME I W Tilmn T,

4. F&®
ULED XS, KEREICL T, AT P AZMEDEBE WO E L DX A=V /D
UV—rvay7EBEEL. ZHISH 2 LISHICET DR 21T 5 & & b, @RI 5iEEE T

E— /L LR S B RO D 3 X 2 =7 4 —BRICHEBRT 2 Z & A T&E 72, 2008 4 4 HHL
fE. T OHFEIZMTTAEEDR, RTARREZER 2 T OIAThRL TV 5,

5. FEFR (Bhe) X

=111

T—0 2 a v TED B Z T 27280, fa 3 EITEIC2 L,

— 99 —




FARAURBMAD) VEEHILO O La—TF 4 12k BEKRBEEL &
Z D HEARA S ER{

HObEX - T pRlyiZ, ERAYY, HUbK -t IR, B, R,
EFER - VHEZ, HEK - &UF %, BE
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H-F 5 oA 7T MEOBRHE THRIE R BT 2 HERT S22, fix OF # o Rimd i - ABEL RN
INTBY D, ZORTHLY VBIN YT ha—F 4 v PIIBEIRFHEEEIZOATWS, FE2URMATH
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DA—=T 4 TRV TL, @il 7 72 TORMMME L ERET 28A0 b b, KR7 1 2~0
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Zh, FEUEERERICHETAEENRLETH D,

ZT T, AWFETIE, FF 3R E LTT7 7 R MABEZJE L7- Ti-6mass%Al-4mass%V(Ti-6A1-4V) & 4 Bl
Tr—hrBIXOA T FZPEIC, RFZ7R MR ARZ Y TEICE DY VBN D b a—F 4
TEENY D LI, a—F ¢  TIEOENARE, FHEHROT VA Y 7 3 AT 7 ¥ —EB(ALP)EM:, )
YA LRI BT B4 7T v b OlalgEE b v e EOAEKRNAGEG AT > 7285 Rl LTG5,

2. WAZREEA
(1) UVBEANS T ba—TF 1 v TR

BEY VEE=J N T A(B-TCP, Cas(POy))% ¥ —4 v bE& LImRF=ZF bRy 2 Y o TEIZED,
7 T A MLBEE i L7z Ti-6A1-4V A&7 L — F(10X 10X 1 mm, IMM)}B LA 2 V 2 —R Ti-6Al-4V &4
WA LTT 2 MP3.3X8 mm, IMM) LICY VRED N T bha—F ¢ T EER LT, BWi=Eikzx+h2
. 7T AP Ti-6Al-4V 7L —h, A2 Y 2—8T S5 X K Ti-6AldV A ST KRBT A E LT 5,
77 A MUEL, TVv—bBEXOA T T MIIEETHY . EHH E(Ra)E 4.6 um TH D, ANy H
Y 7D, RF HAP). Fv /38— NHTAREN(Py). Ar-0y Z3y Z U 7 H ZAh DO REFE R FE(Coy)id.
FENENT5~150 W, 0.5~5Pa, 0~50%& B{L& W7, a—F ¢ » ZEENFEOEMT, BEC@E LT
W5 2V, Ti-6Al-4V SR OB TR Mo 728, I v 2 JEHGE IR 3T3 K BEE TER L
Teo BBRDOEHIRITHE LI —HDa—T 4 7RI LTIX, VAT 7t 873K T 7.2 ks DEL
A2 ToT2, 77 A F Ti-6Al1-4V 7L — b EITER &N UEED LV D bha—F 4 v RO, KA
B X FREHT(a-20 XRD, a=1°)Z X v [FE Lz,

(2) AARRNAAGEAG

AT E LTT T A b Ti-6Al-4V 7 L— b EICERIL7Z Y UREI AV T ha—F 4 U (LS 0.5
um)DFEARE RS LU ALPIEMEOREZ T o7z, 2—TF 4 VOB AR IEIZU T OmY Th s,
HHPLDHTHF REFAZ B LT VI =y AW S » FEEAFIHER: 2.7 mm, P/N 901106, Quad
Group)Z st BRI » b L, K& 423 K T 3.6 ks #LBL~ 5, Z D, iR AL B EE(Romulus 1V, Quad
Group)Z W= 2 % v FOBIIRMERIZEB W THIE SN B I RTINS a—TF 4 > O %5 EE 2 57 L
Tee S DLLEDGRFCRIE 21TV, EATHEE O & R Z T Uz, ARUFECHRIA L Ea5 Al 0%
ATTREEITAD 70 MPa & ST\ 5, BATHREETE{L D7 7 A b Ti-6A1-4V 7 L— MMURkTR 3 X O 1 43



Z AR BIMEI(SEM, XL30-FEG, PHILIPS)IC L D {1~ 7=,

TIA B Ti-6Al4V FL— DY UEED LT AR ALP TEMEICRITTE® A £ bR
Sa0S-2(RCB0428, BEAF BRC)DHE# B ERIZ L v 3FAli L 7=, 10% 7 AWM EC S Eagle’s a-MEM 1, U
AN Ba—TFT 4T EMLIZ7 T A Ti-6A14V Fbv— b, a—F 4 72 BELTWRNWS SR b
Ti-6Al-4V 7' L— B L UNA R 734 A F(HAp, Cao(PO,s)s(OH),)~= L F(CELLYARD HA XL v
I, PENTAX/IL7 2 7 275 R) |- C Sa0S-2 iz 2, 4, 8 AMIEEE L, it tH Uit ORGSR, Ml & i i
(1%Triton-X 100(ZK fiiEHEADE G U o BERR TR (PBS(-)I2 & LI o> DNA it & ALP 3G A & L 7=,
DNA fit} 35 ik » F(Quanti-iT PicoGreen dsDNA Assay kit, Molucular Probes/Invitrogen) & ¢ W% 12 L 0
WE L. ALP IEMHERIIERY v MV IET+ AT 7 B-T A T a—, FEHE) L 96 X\~A 270
L— bR Y —F—z X 9 JlliE LTz, ABFFE Tk, Hil27=9 @ ALP &P 2RI+ 5 7-9ic. ALP iEM:L
% DNA A ik Th L 7= 6 O(ALP/DNA)% ALP & & L7-,

(3) ARG

HEERNTEGTE LT RAZ Y 27T R b Ti-6Al-4V A 7 F > FOWA% OGRS v 2 MEZTT-
Tee YVUVBAN YD BMa—TF 4 V7S 05umEM LIEAZ ) 2—FT T AN Ti-6Al4V A VS5 b %
AARAGERHE, FEERER 3 kg)/\ﬂﬂé fr~HA LTz, MABUIRMI3 AL Li-, 2 £720 4 1., SLVIFRRE
TIZBWT, A 772 MEZFHMEENSEHEFE R T 2012835 M2 il b2 4 — P (ATG24CN
BTG150CN, Tonichi)iZ & 0 fllE L7z, BMARMICBIT A EREIL S B & L., EXHEE L OB 4 5
L7z, BliEERE bV RBEDA 7T 2 FPRAB LT EA 77 FRIMOBZE % SEM IZ L V4T

-7,

3. WARAER
(1) 77 A b Ti-6Al-4V 7 L— b LIZfERL SN2 Y RS LS T A

Fig. (@B LUOIZ, Y VBN O ha—FT 4 o 7R ELIZT T A b Ti-6Al-4V 7 L— hOXTiB L
Wi 2" 3, Fig. | PO a—7F ¢ 7T, Wimlz%2 S8 L., EARNAFMCER Liza—7 « V7R
D05 pm XV HRRELLERENTWELR, a—FT 4 7%b 7T A b Ti-6Al14V 7 L — Mo R i
édﬁﬁénrﬁb‘it\ﬁ%mom—&:—%4VVMﬁﬁﬁmﬁmm&%E<wﬂwawa:a
BRTHND, 77 X ML, 11/A4 77 v MR ORI Z 0o, AT RSN TR A 7 L5
WIEHENTE Y, Zo&imis OJiRF*ii AT kg £ O ki) ';fu\ J /?@Eﬂwv/rﬂa =R
TREDOIER % X L= FEIckT5H RF =7 R bz o . S T
Ny ) o kb a—7 ¢ v VOB 2R
LokEbhns,

Fig. 212, P=100 W, P, = 0.5 PaiZBWVWTT T R b
Ti-6Al-4V 7L — b LIZERL 72U UREA V2 7 LD
XRD /3% — 2 %59, Co, I8 20% % 721 50% DBy A 11,
A X T /34 A F(OAp, Ca(POy)O)DIERR AL & h
7o OAp 12, NA Fur X7 2% A b (HAp,
Cajo(PO4)s(OH)) B H,O AHEHfE L 72k EH L TW5
UUREANTY Y MATH D, HAp & OAp DI IERD
BEWIZHES XRD S¥—V2BITHE—2 D7 b
EENTVAH %O AFFEICHVTIE OAp I —F 4 &~
ZiEE HAp MyRICBI % B — 2 (Lt oi izl ¢ &
Rinole, LDLRERG, ()¥—5 v MIB-TCP %R
AL T Y OH EHAFZIICLE(E LAV, (2)FTIR % ]
W Tha—7 4 7D 61k OH JEDTFIEILHERR
ENpn?, ZEMD, Fig.2 128115 Cop 28 20%E 121X
50%THa—7 4 7HOMIX OAp LT L7z, k.
OAp =1—7 1 ¥ Zit& HAp ¥yAK T — 7 (LD A3 - , IR —
BRSNS TEEIT, OAp 2—F 4 U Z7IOFRY: e S um
RS, T ERELOBRIMAIRECh o7/ b
v, —J5, Co, = 0% Tl 20 = 30°fHEic9 2z s Fig. 1 SEM images of (a) surface and (b)
O — U RHR S . JEMETY VREH LS AOTE cross-secl_ion of bfast-treated Ti-6Al-4V  plate
ERTE NS, KFEIZBNTT T A k Ti-6Al4V 7 after coating of calcium phosphate film.
L—hEIZERERB Y ULV O ha—FT 4T
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BRI OAp £721X ACP ThH Y, a—F 4 VBT % 0.5 um & LIZBRD Ay # V) v 74404 L o BItE
Z Fig. 3ICFE LD TART, Sl CP 74 7L — b LTI RFHOP)B LGRSy 2 Y v H A O
HBEEE(Co) B3V RIET OAp MO SN 2, 7 F A b Ti-6Al-4V 7 L— h O¥E b BERTIEE CP
FH T L— MEEHHE TRV L OO, OB A ML S,

O :a-Ti
& 0Ap O

Intensity, / (a.u.)

Co, = 20%
M

w
~ﬂ~'\*

20 25 30 35 40 45
20/ deg

Fig. 2 XRD patterns of coating films
fabricated on blast-treated Ti-6Al-4V plate
at various oxygen gas concentrations (Co,)
with thickness of 0.5 pm under conditions
of Py = 0.5 Paand P =100 W.
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Fig. 4 Bonding strength calculated using
maximum load in adherence tests with ACP-
and OAp-coated titanium plates.
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Fig. 3 Effect of oxygen gas concentration in sputtering gas and
RF power on phase in films fabricated on blast-treated
Ti-6Al-4V plate at Py, of (a) 0.5 Pa and (b) 5 Pa with thickness
of 0.5 pm.

Fig. 5 SEM images of (a) fracture surface and (b)
cross-section of OAp-coated Ti-6Al-4V  plate with
blast-treated surface after adherence test.
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(2) AR5 GEA

A—FT A ITET T A FTi-6AI4V 7L — h EDEBEFERZ . TAVIZDLRY v FRa—F 4 V%K
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Fig. 6 ALP activity (ALP/DNA) of SaOS-2 cells on uncoated (control), ACP- and OAp-coated Ti-6Al-4V
plates with blast-treated surface, and HAp pellet cultured for 2, 4 and 8 days.
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Fig. 7 SEM images of cross-section of (a) ACP- and

(b) OAp-Vac-coated screw type Ti-6Al-4V implants
with blast-treated surface before implantation.
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2. EEFE ETV
fERT DXFEE, WL H AR 1 mm T, CuNb THliJf L 72 Nb;Sn ##(CuNb/Nb;3Sn), Cu matrix
[ZNbsSn 7 4 7 A > b ABHLDIA F 1172 Cu/NbsSn(Cu-1)38 L O Cu ZZELA A/ ERIZ AL B &

72 Cu/NbsSn(Cu-2)D 3 Fi¥E T, = O ORFELL 23 1 12, FEM THW &5
JV% Fig. 1 IT" 7,

,’/.ﬁ\\
-k
Segveee

Fig. 1 f#HTICH 72 NbsSn ##E 7/ (a) CuNb/Nb;Sn, (b) Cu matrix NbsSn (Cu-1),
(c) Cu ShEB22 iEAL NbsSn (Cu-2)

Nb;Sn DAL B RIETOHEFTIT, MR COMmEA R L T, RO Z & IZMT
ZiTo72, £79, 650 CD NbySn ENELEIRE CT X CHEEZE R &L, =IAB00K)
FTHAIL, FaithFEZENLZ, T7h0bb, Mmoo 0 EoMEDsFRE FiZ5]
BRE %, 180 FEDALIE D/ FRHE CIEMEZRIFRFICHII L7ch EBrEICR L2 IRIZ 42K
DRI E CTHEI L 72, BB 2RI a4 Vsl OB ) 2 Bt L 72519815 71 & Fn
L7,

FEM fEMTIZH 1T D8RS E LT, Vg KON REFHNEEZ 3\ TR O i
FEHEESO LI LT, 2L, TRTOLRICBW TR O 2 il mOZEA 1T
PETHDH L EERT D, £, BMOKEE COENMITIEr T, KEER THHTH
HLERE LTz, SHERM 135 51, Cu, Cu-Sn, Cu-Nb, Nb (¥ ME{A T, Cu, Cu-Sn, Cu-Nb
XREARIS D ANEEZE b4 %, Ta 38 X T8 NbsSn (F5M{R & 3% & L T FEM T 217 - 7=,
BAERA OFEF L2 BEERRER, Yo 73, R7 Y oKW Es Table 2 12, —6 &
LT Cu DI J7 « EMFROBEZIL%E Fig. 2 1R 7,

TABLE 1 COMPONENT MATERIALS AND THEIR VOLUME FRACTIONS

model CuNDb/NbsSn (CuNb)  Cu/NbsSn (Cu-1, Cu-2)
Cu (%) 24.0 43.9
Cu-Nb (%) 32.0 -
Barrier (%) 4.9 (Ta) 5.2 (Nb)
Cu-Sn (%) 29.9 36.5
501 4T=4.2K
__4or i
&
=, 30t 1
2
o 20- =
? 10 T=973K Fig. 2  Stress-strain curves of Cu
at various temperatures used in
0 01 02z 03 04 05 the FEM analysis
Strain [%]
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TABLE2 PARAMETERS OF COMPONENT MATERIALS

Thermal Young’s

Cr?lzltggr;:t expansion modulus (GPa) rzi?;S:toIg;
coefficient (K) at R.T. T
Nb;Sn 7.64x10° 165 0.3
Cu-Sn 17.3x 10°¢ 124 0.345
Cu-Nb 15.1x 10° 109 0.346
Ta 63x10° 186 0.342
Nb 7.02x 10° 103 0.397
Cu 16.8x 10° 114 0.345

3. BHEMERB L OB
3.1 3 RITEDHI

3oL, —MICH(1) TR von Mises EE CERDIND N, HAMEDOE SN EDR
EHLH0HEL, n 0, z FRAIOEEFGSER L. ZOfER%, Table3 IZR-7.

EY2 _ {(Er _89)2 +(e,— 52)2 + (e, —gr)z +6(tiy +7:§,Z +T§x)}é (D

ZIT, &, 60 & XENENLR O, 2 FRIOE, tIIEAMETH S,

TABLE3 CONTRIBUTED FRACTIONS OF EACH STRAIN COMPONENTS

r, ¢ andz Shear directions (%)
directions(%)
CuNb/Nb3Sn 99.9999 0.0001
Cu/Nb3Sn-1 98.9 1.1
Cu/Nb3Sn-2 99.99998 0.00002

bbb Lo, SAMEDOEESIIIEEITLRL, n 0, z FOEFE T EEE
LI RAEESCHDETIRLCELZIM L CHLEE EEDY TRV EEZOND.

32 FEEICET S 3 RcEOE

Fig. 1 ® Cu/Nb3Sn(Cu-2)iZ-2 T, 650°C D NbsSn AN BULEL, =R ~DHEIET D 500
K, iE~OWH, =B TcoOMFEAM, 42 K ~OKBEET O 100 K, 4.2 K ~DHHEIO
FZAEFRIZIBUVNT, NbsSn 7 o« T A 2 MZHIIN L 7= B AT 3232 1248 1F 5 von Mises @ 3 IRJG
EoAi %, FRIHTHE Y OGA L2 0EE O 2 R/IFIZ DWW T Fig. 2 12789, NbySn (ZHIAN
TH3RILEDADOE =T EMEEICL > TEDLIICENTINnEED LTS, FH
T2 22 WA TE, 500 K, 300 K, 100 K, 4.2 K OB EIFFIZEBWT, FAFH 0.16%, 0.22%,
0.34%, 0.38% & 2 b L7=DiZxt LT, HFEZHN L2861, P =% 300 K), 100
K, 42K IZBWT, 0.02%, 0.08%, 0.16% & KX < BH 7z, b D% b % Table 4 |27~
T 42K IZBWT02% R L7-Z ERbnsd. Zid, MIFESEMENS Z Lick-
T, fONAEL, ZhAR3IRICEEZEM LT EBZZHND.
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Fig. 3 von Mises strain vs. temperature curves by FEM analysis for with and
without prebending of Cu/Nb;Sn(2) analysis

TABLE4 VON MISES STRAINS AT EACH PROCESS FOR NO PRE-BENDING AND PRE-BENDING OF CU/NB3SN(2)

Process No pre-bending Pre-bending Reduced strain
As heat-treated 0 0 -
500 K 0.16 0.16 -
300 K 0.22 0.22 -
After bending at 300 K 0.02 0.2
100 K 0.34 0.08 0.28
42K 0.38 0.16 0.22

3.3 ¥ OELEIC X B 3 kot E DA

AT TR R 2 & 72 5T KER R TH D Cu-Nb 2380 D JEDER I & 2 A,
HLOEBIZ & A AT OWT, 3 IRILEIC KT TRELMENT L7z, Fig. 4 IZHTICHW=E
FIVERT. BAE, TR CH 5D, Cu-Nb OJFEIIEECE DTN 3 IRTTENER I NS =

ENZIEH ST o TV A,

4., F L
@éNmmﬁE§ﬁ®$%@fﬁ%:owf_M@wwnuﬂmM%ﬁ%ﬁot.%@

FEHL, von Mises @ 3 WRICEIZBWTHEAWIRDITIEHRE TX 5, FHaidhif iz k> T von

Mwﬁﬁﬁ%?%&%ﬂﬁﬁm%m,_hﬂkﬁﬁtuoﬁﬂégk@k®ﬁ%%%k.
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(a) Outer Cu-Nb model (b) Inner Cu-Nb model

Fig. 4 Cross-sectional views of Cu-Nb/Nb3Sn models in FEM analysis; red:Cu-Nb, light blue:Nb3Sn filaments,
blue :Cu-Sn matrix, purple :Cu stabilizer
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FHINTVDLIONRBRTHY | &BETFAVVBROBBMHCaE—L Y MR ETFAE VRO E k3
REMEELZ, Thobb, BEEAW CIEEBRAEER T A XHIENCEES < H LW SROAIH &2 0%
ROILREATZE N EECTH D,

2.  WrTRE

&JEA A2 L AR T D 7 DA BRI, ARSENL FOEN T T REHEIC K VSRS A D%
KT TR TS S ME S AREME 2 RIS 5 Z E XN HRETH D, Fex ., ZOERBEEROET 215
HATDZEICED BT DY A ALK A T o RN EIRNEH LT A DAY T AX—%E
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Ea L O RSB SEERCIRG R TSR N SO N FEEZ RE L, 512, ZRETORNAME2HY
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R F I/ N D By Tl & 7 2 F0IR A TR 7l Mn7 28R R A — i Z2 L OIX U COHy A L /e
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O FEXHZEL FET | % 5 Wi £ oD T T RE B 5% L FE A SAM (& ffi A & M‘iﬁ%@*ﬁ%ﬁ
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coca EXPERIMENTAL
— COMPUTATION(d=127.2 A)
---- COMPUTATION (d=130.04)

2.8A (2ML) change
can be eagily detected.

1/1, (NORMALIZED INTENSITY)

(desig.ned as 7..5nm)
AlAs 5.12nm
(designed as 5nm)

(6 periods)

@ (DEGREES)
K1 MBEEIZE D PERANTHETEROZIAM (7 04/, 1HETE LV TORBEERARETH D 2 & & X
RIEICL D MEE L2 (L. L. Chang, A. Segmuller, L. Esaki; , Appl. Phys. Lett., 28, 39 (1976).)
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S ]
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Inhomogeneous Samples Unstable System and\
H‘XR Changing Process
a e
/
e e (laborato )
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/ Interpretation of ‘Roughness’ \
Simultaneous analysis I?SS;:;:
of specular and non-

specular reflections.
Correlation length

-XR
OXR

size of particles _——,
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\_-XR

shape of
particley
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Fig.1. Cross-sectional TEM micrograph of a spin filter
structure using a thin CoFe,O, ferrite layer.
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Dexin Li, Yoshinobu Shiokawa, Tomoo Yamamura and Yoshiya Honma
Institute for Materials Research, Tohoku University

(1) Introduction

Ternary uranium compounds U,XSi; (X=transition metal) have attracted much interest in the last
decade because of their remarkable physical properties including spin glass (SG) behavior, paramagnetic
ground state, and ferromagnetic cluster behavior. The considerable changes of magnetic properties in these
systems have been demonstrated to relate with the character of the X atom and the arrangement of
non-magnetic atoms (X and Si) in X-Si network. SG behavior has been observed for the compounds with
X=Pt, Pd and Au, which crystallize in the hexagonal AIB,-type structure with perfectly disordered X and Si
atoms at the B crystallographic sites. In contrast, compounds U,FeSi;, U,RuSi; and U,OsSi; present the
U,RuSis-type structure with a perfect order between X and Si atoms, which show paramagnetic properties
and no spin freezing behavior can be observed. On the other hand, ferromagnetic cluster glass behavior is
characteristic of the compounds with X=Rh and Ir, which crystallize in the disordered derivative of the
AlB,-type structure with partially random arrangement of Rh/Ir and Si atoms at B sites. As for U,CuSis, it is
known as a special and interesting case in the family of compounds U,XSi; relevant to its controversial
magnetic properties and crystal structures. U,CuSi; was first reported to crystallize in the tetragonal
a-ThSi,-type structure exhibiting re-entrant SG behavior, and in the later literature it was considered as a
ferromagnetic material with the hexagonal AlB,-type structure. In order to clarify these controversies and
obtain a complete physical picture on the magnetic ground state of this system, while as a continuation of
our studies on the compounds of U,XSi; family, we have systematically measured the basic physical
properties of U,CuSi; including the temperature dependence of ac and dc susceptibility at different
frequency and pressure. Here, we report the experimental results.

(2) Experimental

The polycrystalline sample of U,CuSi; was synthesized by arc melting appropriate amounts of the
constituent elements in a purified argon atmosphere and then annealed at 800 °C for 240 h. Quality of the
annealed sample was checked by x-ray powder diffraction at room temperature with Cu-K,, radiation. The
annealed sample was confirmed to be almost single phase with the tetragonal o~ThSi,-type structure as
consistent with the result reported by Kaczorowski. The ac susceptibility, dc magnetization and magnetic
relaxation were measured using a Quantum Design superconducting quantum interference device (SQUID)
magnetometer. High-field magnetization in a steady magnetic field up to 230 kOe was measured at 4.2 K
with an induction method. The adiabatic heat pulse method and a standard four-terminal dc method were
employed for specific heat and electrical resistivity measurements, respectively.

(3) Results

The temperature dependence of magnetization M(7T) of U,CuSi; was measured in various applied
magnetic field (H) employing both the zero-field cooling (ZFC) and field-cooling (FC) conditions. Figure 1
presents the low temperature dc susceptibility (y=M/H) data measured in a field of A=100 Oe. With
decreasing temperature, the yzr(T) curve shows a sharp peak near 7~18.9 K, suggesting a certain kind of
magnetic phase transition at this temperature. However, different from the traditional antiferromagnetic
ordering, no peak is observed in the yrc curve and evident magnetic irreversibility manifesting as the
bifurcation between the yzrc and yrc curves appears below a temperature 7. It is interesting to note that the
characteristic temperature T}, clearly larger that 7} (the peak position in yzzc curve) in low fields, and both
T} and Ty shift to low temperatures with increasing / (not shown here) similar to that usually observed in
SG materials. In order to confirm whether or not a long-range magnetic order occurs around 7} the
temperature dependences of specific heat C(7) and the electrical resistivity p(7T) were measured in this study.
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It is clear from the inset of Fig. 1 that both C(T) and p(T)
curves don’t show any indication of a magnetic phase I
transition into a long-range order around 7; (~18.9 K). 0.016 -
These results suggest the absence of long-range spatial
magnetic order in the vicinity of 7. It seems that the
observed sharp peak in the yz7«(T) curve at Tyas well as the
thermomagnetic irreversibility below 7} for U,CuSi; could
be considered to originate from the random spin freezing in
an SG state. I

In order to confirm the SG effect, we performed an ac 0.000
susceptibility measurement on the U,CuSi; sample at
frequency range 0.1 Hz < @/2n < 1000 Hz. Figure 2 shows

the in-phase y! (T,®) as well as the out-of-phase
"(T,w) components of the ac susceptibility versus FIG.1.  Temperamre  dependences o
Haclds p p Y field-cooled (©) and zero-field-cooled (o) dc

temperature between, 16 and 23 K. It is clear from this  gsceptibility (7=M/H) of U,CuSis in an applied
figure that both ¥, and y! exhibit a characteristic  field of 100 Oe. The insets (a) and (b) show the
pronounced maximum with amplitude and position temperature dependences of specific heat and
depending on the frequency @ of the applied ac magnetic ~ clectrical  resistivity, respectively, for the
field. As @ increases, both peak positions in y/ and " ~ UxCuSisample

0.020

0.012

M/H (emu/g)

0.008

0.004

shift to higher temperatures. Such a feature can be

considered as the most striking evidence for SG state §° Y A
UzCUSi3. mg 3r i{gé{}z{z ]
AC susceptibility is very important for the ‘g 2t %%Egg&l
investigation of SG behavior, which could offer a good K .
criterion for distinguishing a canonical SG from a SG-like @ ,
material by comparing the initial frequency shift of 7, using go 4 T
the expression oT, = AT, /(T,Alogw) . In the present case of g 3¢ meahe Ay
U,CuSis, 87, is determined to be 0.009, which is Te 2 oo ]
comparable to the typical values (from a few thousandths to vg = ]
a few hundredths) reported for canonical SG systems h 0g 3 ®) 5 5
CuMn and AuFe and nonmagnetic atom disorder SG T (K)

systems URh,Ge,, R,Agln; (R=Ce, Nd), U,XSi; (X=Pd, Pt, FIG2. Real (3) and imaginary (b)
Au) and R,PdSi; (R=Tb, Dy). components of the ac susceptibility of U,CuSi;

The formation of SG state in U,CuSi; is further vs. temperature at various frequencies
confirmed by the characteristic remanence effect and the
long-time magnetic relaxation behavior. As illustrated in Fig. 3, the magnetization M(H) measured at 4.2 K
does not saturate up to 230 kOe, reaching a value of 14.5 emu/g at 230 kOe. When H is returned from 230
kOe hysteresis effect appears at about 60 kOe, and a remanent magnetization of about 3.8 emu/g is detected
at zero field. From a careful measurement of the hysteresis loop using a SQUID magnetometer, we
determine the coercive field H¢ of U,CuSi; to be 6.9 kOe at 4.2 K. The insets (a) and (b) of Fig. 3 illustrate
the results of magnetic relaxation measurements at 12 K (<7}) in field of /#=0 and 100 Oe, respectively. For
the former, the sample was first cooled from 100 K to 12 K in a field of 100 Oe, then the magnetic field was
switched off and the measurement started at /=0. For the later, we cooled the sample firstly in zero field
from 100 K to 12 K, then a magnetic field of 100 Oe was applied and the recording started immediately just
as the field stabilized (#=0). In both cases, M(¢) decays slowly as a function of time ¢. It is clear that after
waiting for one hour, M(?) is still far from stability for both cases. These long-time magnetic relaxation
behaviors are also characteristic of spin glass state.

It should be emphasized that Kaczorowski et a/ and Pechev et al have reported the a-ThSi,-type and
AlB,-type crystal structure for their U,CuSi; sample with the re-entrant SG behavior and simple
ferromagnetic properties, respectively. In this work, our U,CuSi; sample annealed at 800 °C for 10 days was
confirmed to crystallize in the a-ThSi,-type structure in agreement with Kaczorowski’s result. However,
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only the SG behavior was observed for this sample and no
long-range ferromagnetic order can be detected. It is well known
that “randomness” and “frustration” are the necessary conditions for
SG state. To understand the existence of frustrated magnetic
interactions in U,CuSi;, we considered that statistical arrangement
of nonmagnetic Cu and Si atoms on the anion position of
a-ThSir-type  structure could destroy long-range magnetic
correlation between U atoms in U,CuSi; and lead to the formation
of individual spins or finite-size granules with net magnetic
moments (magnetic clusters). These clusters should also randomly 0 > (kOel)S 0003
distribute in the sample and interact on each other at low
temperatures causing the formation of frustrated magnetic moments. g 3. High-field magnetization M(H)
Below a freezing temperature 7 these frustrated magnetic moments  up to 230 kOe for U,CuSi; measured at
could be frozen-in along random directions to form a spin glass 42 K. The insets (a) and (b) display the
L. X . . time dependence of magnetization of
state similar to what happen in amorphous or diluted metallic SG  y,cusiy, plotted as M(1)y/M(0) vs. 1,
materials. measured at 12 K in magnetic field of o
AC susceptibility of the U,CuSi; compound was also measured ~ 2nd 100 O, respectively.
under pressure up to P=1 GPa. The evident frequency dependence
of ac susceptibility peak position could also be observed under high pressure. However, comparing with the
results obtained under zero pressure, the peak strength decreases and the position shifts to high temperature
with increasing pressure. Moreover, up to 1 GPa the obtained 7(w) data can also be described by the
standard expression of critical slowing down and by the Vogel-Fulcher law. In addition, the initial frequency
shift of T} calculated using 87y = AT /(T;Alog w) decreases linearly with increasing pressure. We have also
observed the similar behavior for U,PdSi; and U,AuGa;. Based on these experimental results, it is
considered that the SG effect in these compounds becomes weak under high pressure, and the influence of
long-range magnetic interaction gradually increases with pressure. Thus the random degree of the
nonmagnetic atoms in these U compounds seems to decrease with increasing pressure, and strength of f-d
(p) mixing seems to become strong due to the shortening of distance between atoms.

>
M®/M(0)
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S
=N

M (emu/g)

M(t)/M(0)

T 2
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(4) Conclusion

The well-annealed U,CuSi; sample was confirmed to crystallize in the tetragonal «o-ThSi,-type
structure. AC susceptibility, dc magnetization and magnetic relaxation measurements show evident SG
behavior for this sample. Under high pressure the SG effect of U,CuSi; becomes weak, while the strength of
f-d (p) mixing and thus the influence of long-range magnetic interaction seem to be enhanced.
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IZEEW, BAX Y bR ICEBITAERBERETOMSBNNS, a, o’ , B, y DAFOEENRE SN
TWb, ZD5h, yHELTDy-CSIE, TORKBMBINIIRFMENRTSBELTWA Y, KK
SRR/ KA MO &S 72y, —F, B-CSITFERACHINIER R THRFOTHRRKE WD
AKRFEIEHEZHLTWS, 0 B-CSiE, FBIRTORERIEC, A2 F2 Y A —hOSiFD—
[XFeXCAl, PRIFAR E L MMEE L, SRESINENT S ENERMICHR SN TWAN, o
JERERCHER LAY, B-CoS ([H-2) 0y -CoSOFE RN E DZAIZ BT EIZ W TR ERAY I fF &
nTuVnizey,

FIT, APETIE, ThETEAY MMEZEOSHTRBETDRATWARY, FFLRL
MHBEAV NIV =G THDIE—TFTA b B-CSOKFTEMD A H =X L L AKiEHEOR
EFHFETHEBFAFOREBIZONT, BHROIIEE Y I 2Lb—a 2R A5, B, &
Ha=y bELDOKE ERKRA V FORER Y, BIEBITEUEORERET — 2 b+ 5L &
BHIZ, B-C:SRvy-C,S ITBITACaRFO—EMNSHF & i L-E 0 @aED LTIz oV T D
fRbT 2 ok B

2. WFZERRIR
21 T—FA4 bGCsS, E—FA b B-CS BT VI 22— MM C3A DATIRSH: DS S0kt
LRIBFZE [ —FRESFIHSEEIC L 5 A Y bR ORGEREOFEAM) T, EAV FoE
BRIV A—FMTHBEIZ—TFA FCsS, ¥—F 4 FB-CS, BLUVRECsETFTCOT AL IR
— MM CGA DARFEIGHEIZ DWW T, Gibbs D BH T RAXF—DZE{L L W BAHERICHEFN L, 0
faA, TWEEA LT AKFIP(C-S-H) & L T® Tobermorite(CsS¢Hss) i, Foshagite(C4S;H,s) & ¥
Gibbs @ HH =R LF—[TKE A3, Xonotlite (CsSsH)= Gyrolite (C,S3H,5)d ¥ 1d/h& <, Xonotlite
(CsSeH) & Gyrolite (C;S3H, 5 )X 273K & 373K Tk, B =R F—DEMRMilET 5 = & A3 L7,
2.2 11 Atobermorite D55 — BRI IC X B 75 S s o figdr

SLREBFZE [H— R T HEEIC L D& A > MK O EREDFEL) TlX, A Y POk
¥ O CIEFESPED TV, 11 Atobermorite (Ca 44x[SigO1442:(OH) 4.2¢ - (H20); 0=x = 1) D4 ¥4t %
BB FENFEHIC L VAT Lz, ZOFRSE, Ca/Si kAt 0.667 Tl SiO; #{—Ca-0O Jf —SiO;
SO =HREEEZ R A, Ca/S; bhA% 0.833 2RI L7=H&121%, SiO; #1—Ca-0 oo —ififEHiEic
TV 2R3 2 & 2 BRI EIE LT,
23 B—FEEFEICE A E—TF 4 MNCS)DFE S HEART

ERIWFE T —REH IS L D E—F 4 MCS)DFE MM ERENT) TIx, BENBIEGEICESLE
— BRI LD, KA De RYMBREORBNMHFTEHE—TF 4 b B-C,SORE LS % iiF
a5 & & biZ, KBS % Ca-Cad [ F I & MEHE L 0 AT Uiz, £/, ARBUSHEIMEV v -C,S
IZ2WT S, FEdbiE & £ OKRMEUSHEZMRIT L, B-CS& B LTz, F5ICIE, BB

17T AVASPZE Uiz, 284 = kL ¥ — O 5 E IS 1T — A% b5 FE ARG LLEGGA Z 8 L,
FRRIZIZD N b T V7 MERT Vv v & T mRMIC X 5 % BB EGE 2 v i,

3. WFERER
HEMmRICBTAE—F A4 FB-CS (a=5502 A, b =6745A, ¢ = 9.297A, B= 94.59°
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monoclinic) D & — [RBEFH 5L # 1TV, Ca-Ca, Ca-O, Si-OOJFMfEAHML Y, ©—54 F B-C,8
IRFNB IS & At S & o BGR % AT L=,

B -CoSIZHIT DSi-ODFEH)EREIX1.62A, v-C.SIZ1.65ATH Y, B-C,SE y-CSTIESI-ONJFF
FEEHEEEREWIA DRV, KRIZ, B-CSIZBIT 5Ca-00EHMEEEIT, B-C.STIF2.46A, vy -G8
TH238ATHY, B-CSEv-CSITIFHEREIZA BN, Fi-, Si-O0RSIEMIE, Ca-00
fEEEEL Y HEL<, Si-OMEERD S BCa-OZ AL Y bLELTNDZ EERELTNS, Si-O
fE A IERE & Ca-OREAIERETIX, B AV b2 VU v h—GOKFEENE & O BIBE TR 20,

£ 2T, Ca-Ca®Jii-FHIBEREICAT B LT, KFUGHEOEE A2 R D 7=, Ca-Cad JFFRIFEREZ,
S L7cCalf ¥ b4 AL OFGIHIC BT D Calii 7 & DFFERE L L=, B-CSIZI81T A Ca-Cad EH
EIX3.56 A, v -CSII3.75A T, B-C,SDCa-Callififfit v-CoSE V0.19A% <, Caliit & Cafi FIif
ELTWD (F-1) . F£7z, Ca-CaDipiEHifEIZ, B-CSTIX3.01A, v-CSTIE339AT, B-CS
D Ca-Cafic L 2IEREIL v -CoS L W 0.38 AV,

K. H. Jost" & 34T - 7= Belite ® X [E 47 F 5k 12 355 < Ca-Callifif D fRHT TlZ, B -C,STDCa-Cad I
VIREREIX3.58 A, v -CoSIE3.75A, AFRIGHENRED T2 —F 4 FC;STIE3.47A, CaOTIiE3.40
ATHs, F—IREFHIC X 2RE1T, KHJost & OXFREIT EBIZE S < TR R L EAER R W,
INOORERLY, Ca-CaDFEEIEHENREWVIZE, KRISHENREWZ EBERSIT 5,

WIZ, TENLDOCa()FRF, B X USENLDCaQ)T%, TNENSIHTF & U=8E Okt
EOEEMZ B L, ROBTRX VX —IF, TERAMOCa()FFZSrTiii L =54 T-781.17eV,
8ALNL D Ca(2) i1 % St TR L7254 T-780.63eVE R D Z L b, TEMLOCa(D)FFASr Tt L
T2/, SEMIDCaRQ)RFZESITIEMM LI AE LV b LRELRMEL LD 2 B L,

4. LD
S%IE, B-CSRy-CS IBITHCaRTFD—HA, FeJiFRAURF, PRFZE LEHR LIS

D, FEBMEDOL L ATIFYE L OBURIC ST bilRT 5, ADFREZFITTBIcHE) LT,

HALK R B BT MBS 4 — DR — =3 Ea—F (L 7 VAT AR FIH SE

TWell&E e, ZTICRLT, BMREMICHEEZRLET,

[1] Ryoji Sakurada, Abhishek Kumar Singh, Tina Marie Briere, Masami Uzawa, and Yoshivuki Kawazoe :
Crystal Structure Analysis of Dicalcium Silicates by Ab-initio Calculation, 32nd Conference on Our World
in Concrete and Structures, Singapore, Vol.26, pp.407-412, 2007.

[2] Ryoji Sakurada, Takumi Shimomura, Kyu-ichi Maruyama, and Sumiyuki Matsubara : Flexural
Performance of RC Beams Reinforced with Braided Organic FRP Bars, 32nd Conference on Our World in
Concrete and Structures, Singapore, Vol.26, pp.413-418, 2007.

[3] Ryoji Sakurada, Abhishek Kumar Singh, Masami Uzawa, and Yoshiyuki Kawazoe : Crystal Structure

Properties of Beta-Form Dicalcium Silicates based on Ab-initio Calculations, Asian Consortium on
Computational Materials Science - Virtual Organization, Oral-7, 2008.

-1 B-CSBLVy-CSIZHITH Ca-Ca DEFHEATERE (Z4A)

Number of  Ca-Ca dis. Ca-Ca dis. Ca-Ca dis. Ca-Cadis. Hydraulically Total energy

Cement Compounds Atoms  Meandis. A Meandis. A Shortestdis, A Shortestdis. A active eV
lessthan4 A lessthan4 A lessthand4 A lessthan4 A

this work this work K.H.Jost" this work K.H.Jost” this work
C CaD Lime 340 3.40 Yes
Cs8 Ca;5i04 Alite 347 316 Yes
B-C,S B-Ca,Si0, p-Belite 28 3.56 3.58 3.01 343 Yes -195.56
¥-C,8 ¥-Ca, Si0y y-Belite 28 375 375 3.39 3.38 No -204.86
B-C,S B-(S:Ca,. ):Si0; Ca(1)=S, 112 3.59 *:x =0.031
B-C,S B-(S.Ca,, ):Si0; Ca(2)=8, 112 3.32 Shorthand Notation in Cement Chemistry C: Ca0, S: SiO,

1) K. H. Jost, B. Ziemer and R. Seydel, Acta. Cryst., B33, pp.1696-1700, 1977.
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Maltiferoics sensor used as magnetic sensor is compounded piezo-electric and magnetic material.

Yasubumi Furuya, Teiko Okazaki, Yoshiyuki Hayahsi, Hirosaki University,
Takashi Gotou, Instistute materials and research,
Tohoku University,

Key word: Multi Ferroic, Magnetostriction, Piezo-electricity, magnetic sensor
Abstract

There are Maltiferoics sensors used the ME effect (Magnetoelectric Effect) by magnetism and piezo-electricity. Nowadays,
Terfenol-D are used for a magnetic material in a number of those. Terfenol-D, however, has faults such as weakness and
high cost. Then, we used polycrystalline Fe-Ga-Al ribbon in place of Terfenol-D. Fe-Ga-Al ribbon has characteristics such
as high magnetostriction and low cost. In this research, we prepared magnetic sensors using lamination forming of a
Fe-Ga-Al ribbon / PZT. 'We mesured output and frequency dependability of these sensors in several magnetic fields were.

1, FLwic

VAE, ERDOF—NBFCREKIBEIEFOMRE L VERELBZ D AEEZAET S, BELEEICELD
ME(Magnetoelectric Effect) i & W e~V F 7 z v A 7 2 B OMENTHhI TS, ME 2382 Huviz
Rtz OREE LTE, HEROBR—NHFEFOMEKIEIIE T Clxt v HHOBRENCEENMLE TH - 7273,
AKWFGEOE 2 WD Z L TERENEENAREIZ/R D AT AOMHFILBFIREIC 72 5.

BAENIEEINTWD ME 208152 AWt oD% 0E, BEMEHT Terfenol-D 23UV 51TV 25 A ET5 &l
THDHEWIRENDHY, MLHEEL EHAOTIIR -7, £, REMEE LTHOLWLRTWD HDIZ 27T
% Fe-Ga A& MmN H 575, HiEGLIIRE TRERMNMEM CH L -0 EMThH 0 EAMICHT S, 22 THRAETHE
Wik - K2 X N Th DHEHEM Fe-GaAl &2 W THREZERL, o PHMEHCHWA Z L 2B 272, A%t
TIX At Fe-Ga-Al Qa2 VT, ME R 2FH L7ZEE - MAEAMMAKE v oG - EZ BH
L.

2, EBhik

GEMENT, BAEL Fe80GalbAl5[at. %l & 72 b kL 9K wHEANEL, 7T — V7 AL L DV A& A ERL L /-,
MAEEE T VI FEHAH T, Ho— VR E2MEEETEIC L 2uniEmase (RS 30y m, B 5mm) %
ERL7-. 20O, v—/Lalisks 2000rpm CAEHEERL L 72, &EH

DFMFIEIC DWW TUE, FIRE AT I X BRIETE, BEEITES —
EEHWTTo 7. E£i2, EEMEHI NI I v 7 AMETH S
PZT &, &4 1HECd % PVDF @ 2 fiffi % v 7=, Table.1 ([ &4k
DO~ FEERT.

2 OB OE AT SR 2 vy, PZT - PVDF & Fe-Ga-Al
HORME 2 BOZ#5E L THEAL LT, Fig.l 12 PZT & £#Edh Fe-Ga-Al
Wi EEA L LY IV ERT. Fn, HAMOHEOBE W X D5
ﬁ@%m%@ﬁTét@~1#%W7%L&ﬁ/k4/?%L@2@%) ®)
OREE Zmt LT, 285k 0~150 [Oel, %k 1~20[Hz |05
EE AT, BV OBEBEIZF v — T o7 EAWTHIE L

Fig.1 Picture of a sample device.

3, WRFERR Table.1 % #kH <%

Fig2 |ZVERL U 7= 2un iy O s — RG22~ 7. AER L - T wxIxt
=%k Fe-Ga-Al #i#5 TlE, HOKBEEE(A n)64ppm %71 L7-. Zp S (]
é?ﬁéaaFé8043a20fiéE0)ﬂ, 23 T4ppm (25t LATEWERL U744 EKD 41y P7T TOX20%0.26
HHEFED LR, BEREE MR Lo amEmE T 5 Z L PVDF 10x15%0.028
T&ET-. FeGaisAls ribbon 5%13%0.03

Fig3 |2, AL 1Hz (281 D=/ 7H§E COH )BT —HREGHRR 27~ 3. PZT/Fe-Ga-Al(Fig.3(a)) Tl3AY
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70mV/Oe DFEEZ 7R Li—/L3 - & TR 28 [EOREAFS7-. L
2L, 1000e ZiHAZ D ERGHHENMZAAVEEEAME T USMEMEME T L
7o ZhUuE, 2= TREETH DTG & L TURIEEN
fTondi=HEE26N5. £z, PVDF/Fe-Ga-Al(Fig3(b)) Tl
0.9mV/Oe DL 27 LAR—/V#E T & FeTHI 04 REDEE A 157-. =
AU, PVDF DSEDTMEICTH D720 THRMEL, IS HBER
DMEL RV MR T LB 2 b5,

Fig4 |2 PZT (2R HHEEZ LT EE — FIRE SR 2 7~3.
ZDTZT7nobnb LI, T RA y THEEICT D Z & T 1000e
VL ETORBFEAX T A B2 < 720, IR 97mV/Oe DREEZ 7R~
L7z, ZAUZ, PZT 2%t L CHEmN oIt 10T 5 2 & TEl-E0 i
TIDIISININDT=DTZ LB Z HID.

JEM K 1~20[Hz Nz, AR X DB LIT A S
N moiz.

4, Lo

%ftin Fe-Ga-Al 2a il 2 AW B8 - A A ARt v
FOREr - BUEZITV, WM & R BUR PRI DWW TR
L, UTO/RREET-.

(D) =F /L 7REEIZIBW T, PZT/Fe-Ga-Al T 70mV/Oe DR,
PVDF/Fe-Ga-Al T 0.9mV/Oe DRE#155 Z LN TX72. FT-,
PZT OAIIY Y FA v FHEEICT 5 Z & TR 97mV/IOe DRFVE %
155 Z L PN CERIEDOEGIN A DI,

QY& YHEEIZOVNT, 1~20[Hz 1230 TR Bk e 1 e
WTCE o lz.

PLEDZ LD, JRE EBIEEERNL T 5 2 LN TEEETR
K[ IOEEEZ T ENTE .

5, #iEF

AMFFE 2 AT T DI 72 0 H ALK 40 B b4 BHIF 8 T o By
R, A IGEMEIZCIANIE~DIES, LD 5
HCTIHREZBY L. ZZIEEHOEEZE LET.

6, 5 H3CHk
(1) Shuxiang DongJunyi Zhai,Feiming Bai,JicFang Li,and
D.Vichland, JOUNAL OF APPLIED PHYSICA (2005),97,103902

Magnetostriction. [ppm]

Magnetic Field, [kOel

Fig.2 Magnetostriction-Magnetic Field curve
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EMLART LG, A, K
HALKRERE  VEHUA, BELLE

1. ELEwiz

MABE T REENT S Ce X U 250 LEE&IBILEMDIL, TR, BOET, A CEERESDW).,
7 = THRARIE, A 4 BT, =%V 7 ¢ v 2 BURHR E, x B L BN ZRTZEAMbAT
W5, o8 RIENAFKEE LT, CeXR UKD fBTFRaL—L R %{EL, fEFLEEETO
fApIRe, fETFREOMEFERLR Y, MHME fEFOFERRETHLEEZ DN TS, (E-T, RBHFZRE
ICRWTIE, MEZHERMEHC X 208 A —BMiciTbhd. Zhicx L, EFRIEN T o o kB el
T 52 LEDOTERW, WEERBRAIEZ AT 25880 f RO EMIT D2, TOFEET SH LTI,
Pl ETIZ, Ce & 2 EFEMEEWEFTZ72) Mn ZAFICH & L-EER BN CeMn 4% A%y
Y v ECE Y IO TERIZERZ) L, €0 EMMEE2 <7, ORGSR, Ce @M OISRERIZHWT,
EXUEH Cldp= AT (KD BB S h, MR SEE 2B O 100 (%24 E(~ 200 mi/molK) H & 5 = & A3
oz, ThbofRE, ET e v RRIZBWTHRWEFRIENTFEET S Z L Lqmlt+ 5,

Fx ILUTEE, CeRu, HOREMILAEMZF L, ThE CICHEFIDOH 2 HEERBANE CeRu AL 2N L7-,
it RIMHEE Y CeRuy (X, LB R X 20 EF MRy = 30 mI/molK?) 2R L, TGBIRIE 7, = 6 K O
W TdH5H, —F., Homma %X, WHEARHAIE CeRu &40 Ce #IE 18%I2H T, BHEM(T. ~ 24 K) &R
DIZxE L., Ce BEE 82%ICBV Tk, BUSHITMEAEL, 58 189 mi/molK? L ERIZAR D Z L Z R LTWA(],
Z Z TR~ 1, CeRu B @ITHf L Ce #HEZ WAV RIEFGHH CREEMIME 2 W ~To, TORER, Ce (EMEEM TIL,
BT, = 3.6 K, Cel5 at%) 28l L7-, € OmBIRAE 7, 1%, Ce & ILITHA L, CeS0at% i TRz
B Ehaeole, D%, Ce IREEDRIM & T T LAMUTHIIM L | Ce FHREERITILE K72 (> 200m)/molK?)
ZFFORWVEFHMRDIEVETRT2], O L6, CeRu BMEICHVT, Ce DML TETF DRI A4
ISR 2 5 Z LR EN S,

hODFRREREZ, 4 ab— b MM B REE T 2967 0 o Z 85 EHA & OR RARHE
LEHIZOWTHRZHED TV S,

[1]Y. Homma, K. Sumiyama, H. Yamauchi, K. Suzuki, J. Phys. Soc. Jpn., 66(1997)1457.
[2] Y. Amakai, S. Murayama, H. Takano, M. Muzunani, K. Asano, Y. Obi, K. Takanashi, J. Magn. Magn. Mater.,
310(2007)416.

2. WA

MEAEHEIL, CeRu A4 Ce (KIREMNCHK L, Ce #F LA LBTH T B2~ La CTEIRL, fETF
RN OBFR LT~z £OfREE, La U X 2 B {ZEBIEE T, 0L @i S hy°, 522fifo LaRu
BRICBVTOIREFRERZRFERETT, 20N, CeRu G40 Ce (KIEMNORRIIL £ BT O 513 IE
W ERBZEND, LML, Ce BEDRIME LI T.AMWA L, BEENRNEE L%, B4R
T END, Ce L 3EIT Ce DD EALRE XIS, 2F W BEHZTTHMRTIL, Ce@)THY Ce
PEEOHIN & 31z Ce¥' (4f )~ L MBER £ 721X, FHMMERIEZTER L T\ B Z LR &5, 2 CAE
FEIX, CeRuBE&DOBIEME 4f BT ORRAF~S-0, ZhECICEN LBENIEBT. ~ 33 K)A2RMELT
W5 Cel6Ru84 S&izxt L, BF ML 4 B L2 IMEHET A~ B L WO BAD S, JENT ComttiE
ATz, EHICAEIFEZIC, Ce ik LE LA LERHOCHR T, Ce LV RFHERN 1 oREWV2EH A4 EFHRO
P77 4T L) EMM LT, Cen.PrRupg BEZEM L, BEHOLTE L MitO R 2 EH L7,
RHREHT, 7T— 2B THEEY—5 v F2{EML, DC @l ANy S ¥ERICL VKRB SN Cu I L
26z, A2y 2403, OIMITZEENRB L F 2X107 Torr, A/%y 2@ Ar H AJ£ 1L 4X 107 Torr TA
SNy db—hE, B8EF1000A/min Th b, Culbliix, H—R A v ¥ —ROBBAOTIESIC X VR L=,
ER L 7-BUBHE, Cey.PriRug (x=5,10,15,200ThH, ZZTHRAFIL, BEZ a%TRLELOTHS, #
L XRD 2 X V1TV, T X TORBHIBWTAHRBIMSE Th 5 Z L 2B Lz, ETICE T 58I,
2 7w 7RIENEE IV SQUID I L A BHERIE 2 #EH S 1.85 GPa & TOJENFEMH, 1.8 K~280 K DiR
FEfiH CIT o 72, BAUSHRER., 2 7 7REHEALZHV., FIEMS 1.61 GPa DJENGEH. 05K ~RT ®
BACGIPHAC3He 7 A4 A A Y o ML VIliH D 4 1L TIT-o 7=,

3.  WFERE
Fig. 1 {Z, Cel6Ru84 8@ DEFENIZHIT HBH{LROREERTFIEZ /T, FENITBWT, MR TIHREIC
(E & A LA L7V Pauli WREMERIR S PV 3Bl &7z, 4 K BAF ORI TIE. 0 GPa & [RIERICHE{AHIRE
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2Pk S B BRI Sz, E7-, RBEMBHEOMHIL, EAIC L 2B{e@il S vz,
JENC L ABEEOERMSRICERRWVWE S 25, BIONEBERE T, 13, EHOHIC X - TEM M
Him AR S =28, 1ZE A X<, 0GPa & REkOF 33 K R Lz, EATOEKIEHAMEZ. &
JENZHBWTEIR T, BENIEBICCE O o282 b AWl & hviz, T3, 0.81 GPa TEMIZHIINA R &
DM .61 GPa TT. 233K ZRT 2 EMOSEOHNEAGM CIETICIEE A EEILR W EEZ NS,
B ORERENE, Cel6Rusd A4V T 2.0 GPafREE CTIX, BIF—ED T, THHZ LAVREEND, Z
NETIZ, #EAERNEAY CeRuy (21T BENTOMMEIZ SV TIE, Hedo FEIT L » TRHEMIZI~ S TV
5[3]. CeRu,® T,1x, 0GPa TT,~6K Z7Rx L, EHOHIM & IIZ 5.5 GPa F TIHWIINT 5 Z LAt & T
W5, FOHMBIL. ATJAP =023 K/GPa TH D, F£iz, [ENANS55GPall bic/ied &, T.HAMWPICIELSD Z
ELHEXNRTWVWA, Z ORI E X T.CeRu D 7. D 2.0 GPa ¥ TOENEFME% Fig. 2 1277, #54h CeRu,
IZBWTIE, NS T, ORIMNAFE X 503, FEAHN Cel6Ru8d &I\ T, BLH - lERIEH» 6 A
b7 TAF3EIZ, 20GPa £ THE VW EILETRI RV, 5%, SHICRETCOERERMNPTHS,
Cez.PriRug &IV TIE, BHLOIREEGEHEZE L, BET—Y ORI TH5D, T3To PridER
BHZEWT, @RI TIE Curie-Weiss HIIZTE 9 WBHENZRIR D MW 2777, (KIRMITHE, B{EEIZHE - BétE
WAL BB S 9", Pr#LEE 5at%, 10at%stEHZ B\ CHEE IR EEFEPH CIREE ol & LIS Bb A KT B W R
AR SV 2R, Pr B8 20at%30EHClE, FC Rifk & ZFC Bibiz R ERl S h, A ey 7T A HE
LizborEZBNS, (- T, Prifi#aEHZ W TR S e dr -T2, Curie-Weiss HI2 & 42014
WHE— AV b pg e R 2 12850, B £ 3 CeRu A&08 0.2 pg FRIEETH 2 DI L, Pr10a%fit e}
T per~ 2.0 p. Pr20at% Tld, per~3.8 pup & PrELILITHIR L, ZoZ &iF, Priffic LY 4/ G+ DR
fEERE D, BEEAELCVWE EEZEZBNS,
[3] M. Hedo, T. Nakama, A. T. Burkov, K. Yagasaki, Y. Uwatoko, H. Takahashi, T. Nakanishi, N. Mori, Physica B,
281&282(2000)88.

4. F.& ¥

AElE, #EEFRHAE CeRu A4 D Ce (RBEEMIZ I 1T A2 BEEMICHOWTTHAET H7-%, Cel6Ru84 &&=t
LIEATOHRESL, Ce LVRFHFESN 1| 2KEW 2 | 4/ HFRDO P(T 7 AV L)EEBLI,
CexPrRugy A& % ER L, B OAEE L YEORERFEZIN Lz, EHT OB - BAIKHTNE 0
O HUMNEADBRBLE 2.0 GPa F CoOMBETIE, T, oMM Enizhot, LvL, fishamiilies
CeRuy IZ4WV T, 2.0 GPa LA LT T.OWMABE SN TWAHZ Lh, 5% ELICHETOERZBHNT 5.
Ce I Pr [ L7z Cezo PriRug 4L, 3T D Pr BAAGUEHCHUAMITIR & 77, Curie-Weiss i) 70 #BEME 2 7797,
Pr20at%aE Tid, KR TAE 77 AMMBHBL LTz, Cuire-Weiss [l L ¥ BRI o =LA E— AV b peg
L PrfffE LML, PrifEEORIMC L Y BESME o TWVWH Z L 2Tid 5,

5. FFE E&H) WM
. “HEASHE Ce @O FtE, MG, BM LR A6, 2008.
2. “NMR studies of **Mn in amorphous Ce,Mng. alloys”, H. Nlki, K. Okamura, M. Yogi,
Y. Amakai, H. Takano, S. Murayama and Y. Obi, Physica B 403(2008)930.

£ 7 .
Oif: " " l_ o St e SR
g g
-0.001 | R 2
a-Ce16Ru84 o
-0.002 E 5
O -0.003 o F:
=) : S
S .0.004 | 5 0.60 GPa = e i  CETES
E o 0.70 GPa 5 3 :
= -0.005 | o 1.41 GPa o
2 & 1.85 GPa g 2 Ce16Ru84 —8— Susceptibility
-0.006 - 6;}‘? 3 -A— Resistivity
=
-0.007 | g&,@ 8 1 - Crystalline CeRu,
foait
-0.008 . §' 0
15 2 25 3 3.5 4 4.5 5 2] 0 0.5 q 1.5 2

Temperature (K) Pressure (GPa)
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Fig.1 RBS spectrum and XRD patterns of [Pt(ZML)/Fe(1 ML)]140/Au(111)/glass multilayer
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