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A facet dendrite growth of Si;
A snapshot during in situ observation of
crystal growth behavior from Si melt.

Kazuo Nakajima and Kozo Fujiwara,
IMR, Tohoku University

This image was obtained using a newly developed in
situ observation system. Fundamental research using
the system disclosed that a proper choice in growth
conditions including an amount of supercooling permits
facet dendrite growth toward a specific orientation with
large crystal grains. Growth behavior of the Si facet
dendrite was revealed from this experiment for the first
time. Needle-shaped crystal is formed in the earlier
stage of growth because of the rapid extending of the
dendrite tip owing to the existence of more than two
parallel {111} twin planes. The number and the spacing
of these twin planes determine the growth rate and the
shape of dendrite crystals. Based on these results, we
have developed a new crystal growth concept of
polycrystalline Si ingots by casting, which utilizes the
dendrite growth along the bottom of the crucible wall at
the initial stage. A high-quality polycrystalline Si ingot
suitable for solar cells was realized using this new
crystal growth technique.
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# 1. MMgHs (M= Na, K, Rb) D /KES RSP T b o B —ZbAHB L O Z L B —Z1{bAS

reaction A H [kl/molH?] AS [V/molH-K] AH* [k/molH,]
NaMgHz—NaH+Mg+H2 102 152 72.9
NaH—Na+1/2H; 124 1?77 _
KMgH;—K+Mg+3/2H; 120 160 99.1
{RbMgH3;—Rb+Mg+3/2Hz) 105 141 8§72

AH*: Enthalpy change estimated by calculation.
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3.3 NaMgHs o @i X a4l & & MEM/Rietvel dfigHr

NaMgHsDRietvel dfftT /S % — % [ 6 |2~ ftT O HENMERF1E. Rap = 2.69%. B =0.49%, S=1.61
Thol, ZOMHrH G, NaMgHsD R db#iE L, TIRT LT, T EEDNa = 0.545960(2) , b =
0.769817(4), c= 0.540862(2) nmDE 5 21 7 A A M L [AE & 7=, NaMgHsTi, KEHF 72
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9. NaMgH3?(040) i 46 & UN020) i D FEAT B Aar 5 FE 40 A1

[2Na2Mgl| U &3 b L O4Na2Mgl\EEY A %2 2: 1 O TERLTEY, X 3125 LIEBkFIEK
JSIZB T KBRS LOREMEICKIE L TV 5,

MEMIZ X » Tt &, VENUSIZ & D i 7zNaMgHs D E B E /A & X 8 (TR d, TNENDFRT
DFEPFIAFAET DB HEESMIITHETHY , RIELTWD, A AU FEEMHATHEIT 57290, R 0O8%
FHIENHT D EMBEZFEY L CE A RD D & Nato, Mgls+, Ho2 ~09 L X, NaMgHsi3 A 4
YDONaB X UOMglaAf 4 DKRENOHERSNDA A UFECMEDOKFMTHD Z ENbnD, ZOFER
X, K9IRT L DS, ANy RERICE > CEIHSNEBITEMBE NN E D LWSISA R LD,

4. FLW

MR 72~n 7 2 h A NRUKFE L MMgHs (M = Na, K, Ro)O BN ATRE L 720 . £ OBi/KFEILIE % 5
A9 % 2 & A CT& 72, NaMgHs TidNaMgHs — NaH + Mg + Hods X O'NaH — Na + 1/2H2D — B D <
JEC. %72 KMgHsClZKMgHs — K + Mg + 3/2HalZ i > C— BB O SUET, TN IKRFERS L S h s = &
WorhoTo, —J . RbMgHs Tl =B CARENPHHINTEY | BUEZOREZ BT CTH 5, —HOH
ENLRDIZB)FNRT A—FIZL 0, a7 2 b4 MKFE W MMgHs (M = Na, K, Rb)ix, KMgHs >
RbMgH3s > NaMgHsDRIZHENZENT 5 Z E MWLM R o7z, S 61T, mEEXHRETHER L0
MEM/Rietveldfif#tfric k0 . w7 20 A SRUKFEA) O FEAE LSO ARIIC S WD TR L, fEEPEC
BT o BB REGT,
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1. [ZCHIZ

IO HERBREREIZ B W T, Wb T A Th 5 ZBLRFEDORLDHRED B & Z0mifilix, HBREREER
BOBENOREERELE 2o TS, ZBILRFREO EFFEKEROIFE AL EX, ALABREIOBREEICXL DD
ThO, KNREBOF - BEHRSCEEHO DU G N =XV X =B AT ATIE, TRLF—
TR (Bh=R) OEEN B bR FBPEHEOIMHENI U CTIRARMIIRIRIR L 72 5, Bl 212, B3hEN 1%
mMEdTss, 1Oo0OF—CEUHEEMTHS 0 MO BLRFBHHENHH T LN TS, 20O
I, REGEEZICED DN ENEOIREZE S A O FLAEEHEHEICx LT, @EBEHEDR 0.5%I/ %7
Do

HAR =B URERE —E L AT RAF LR AT MIBWT, B8R E2m LT 5701203, BREY
ARLERDOBEZ LV EBICTA2Z LIL o THELND, TR AF—EHOLETTHL XY —E T L —
RICiZ= o A VEBEEMEHAINTEBY, LR -2T, TOUHZRAF—FW AT LOBNRIT, =7
NWIEBAEEDOMMBWEICKRESIEKFELTND, LIANENRIEZEDTERE LT, ¥—E U ADT AEET
i 1400CICBZELTEY, FHZ—E 7L —FOEED 1000CLLEE R ->TWWE, ZD=D, Lo X
FRTRAXR LW AT AIBNWTE, F—Er 7L — RORHANRMBERARERSTWS, 2O LI,
2ODRKRERMBEAHNTNS, —2iF, BEISHTWALITIE 42, IMEmEEIZ@STEE LA LTS
D, BEITELIIKTFTLTWS, O LIk -> T, BENRBEA/AELN TR, o —D20F, WA
LB RELE, FNCEE2X—E T L —FOEMOKRTTHD, TNOOREE ML, BEETOEMBEME
ZERB L TENEON L2 X5 7-D21E, = v 7 VIS A4 OB 2 88 2 2 R 088 =R 2V £ o B
BNLETHD, €I TAMETIE, TV 7T 034 REBRBLEMIEDHT L S a2 o B 3% 2
HEE L, BEIREE T COMBEEORMMZITS 2 & &35,

2. WFZERRE

IIETHE AL, Mo EEMA L MosSiBe FHD _F84F O @il i & miR B LA EIC O W TIEZ 1T > TE 7,
Mo EEMA & MosSiBz FHO " FEMMRIZ. # o RIREERCREN D L ) ICHLEKISIZ X D “HuBkic L - T
EEhb, £F0FBSRIZ. Mo & SiBLUBEEZZ{LEIELZ LI THIEITAZ EMTES, =
D& %, Mo,/ MosSiBe _F8# OB IRIR I DAL AR E LIz & Z A, MosSiBe FHOEFEROHIN & & & 122
FRERETHEIN L7, & 51T Mo,/ MosSiBz _tH# OB EMRENL, HIE L 723X CTOMREHRPE CHli Mo D EVE
REED bEmWEZ R L, ZHUEd bbb, Mo BEVEAEIZEE~RT MosSiBe FH D BMZRERE D TR RKE N &
ZRLTND, 2O EIEEHIT, Mo/ MosSiB: A 23 @il d HAKIRE~ & mEI Sz & & Mo [EEAEMHIC
IREHE . MosSiBe HUCIZBIBEDBYS N AL TWDH I EEERL TS, FHE, K121 X 512, Mo EHIA
RO BFER K E WVHLAE TR K+ B o - T, MosSiBe AHHIZBUS NI L D BHEOBAENSEHEBER I NT-,
—7J5 MosSiBe FHOMRFERN K E WK TIX, © LABRROBAITMHI STV, 202 L%, Mo fHDOKE
REBRTIHLZZLICLoT, R LAEWERAR LN TWA Z L EZREBT 5, D Mo, MosSiB: Ak O &R
BefRIRE 1L, MosSiBe AHDAFER OB & & B L7z, # o RN IS 1T 5 ek ft a5 10T oLk TR
RIRE 1T b @ VMEZ R L, 1500°0C THE L Z 1GPa & WO BERMRMEL o7, ZOfEIX, K 21TR-T X 912,
IIE TRE SN TE bk x Rl IR ER B OB B L ik L CTieb @< BUfE, HROF vy B4 -
F=B LTS, ZDXHIT, MosSiBs FH D AFE O i\ RS Sk % T D Mo, MosSiBe —AH# T, &
IR & U CTRid CTHREREBEOMEE N EE SN D Z L 23D BTz, —J7 Mo,/ MosSiBe ARkt Ok
(LA TH D08, (REMBRLEIFEIER TTE TH D Si DBEND RN B R RIENME ST, @ik T ki &
DB RFE LV, £ 2T, Mo MosSiB: AR IZX LT, 22—7 ¢ > 7 28I AN T2 8 &R m e LAk
DB NAFIREE 72> TN,

F Z THox 1%, pseudo in-situ BELORE&EHEEE L T, Mo,/ MosSiBsz AR %4 2 8 m iR mt e b S i o
WatZ21T - 7=, pseudo in-situ AL L 1T, ALFART 2 ¥ LN/ S WIEEOHE . BRI 1T T R 5
DA UHERR TR N D22 DM 28I L, N LW (artificial) \ZEAGILT 5 2 L2k » T, KA O BFE 5 E TR
I DMERHEEENIIC in-situ EEILT D FHIETH D, ZOHFEOF AL, WIED R 2B HHF N EE SR
b MRE & 7 5 BAR SR COYEHUC X D EAIS A HH S dv, LSRG H A RREMET L7 & 2 A THEEL
FNCAR 92 2 & ¢, EEREREEL S B CHMMRIICERIND Z L Th D, AN EN LT 2 BEE
BRI T COMBEEE WD S TIE, 29 WV BEiE TCOMLELNEM 2 EmEm T S5 702 Mmb CEE
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X 3. SPS {EIC & o TIERL & 7= MoSis FE B Befti Ao SEM 4. (a) MoSia. (b) MoSiz + Al. (c) MoSi2 + B.

ThHDH, Bt LZFEET, F9 MosSiBa—MosSis—MosSi 484 ZIEMRIEIC L » TERIL . FD1% Z ORMEA
Ty M EMHEL Mo-Si-B MM EEZER L7z, ZOZMBRICEIHIZ, iMoo BIUOSiOeRE=REL, A
=TT Rz o2 ) 7 (SP)IEIZ L » THMIREM RO K ZER L7=, Z D & & Mo ¥ X U MosSis,
MosSi 1 SiO2 & P59 % — 75, Mo & MosSis X HEAH MosSi % & - TEMT 5, & 512, MosSiBz & SiO2 &
OFEENTIHED & Z AL MNTH > Ty, A7 & d MosSiBse id MosSis #41 LT SiOg & 42 =
ENTES, 20X HIz, ERREMMNL D artificial 72EAMEHE. pseudo in-situ AN 2SN TWD,
ZOTAREEM OBEIRICBT A b EZRE Lz 2 A, BEF2MERLIE E HEZEMEE R T2 ENHG L
7eote, 1273 KIZHAT 1673 K O AL EITELS . L0 BN btz 7md 0ik, A7 5 SiOs £
JEDREMERENVRFEIC KD b D L RS N, REGHEN & HBEOH Mo 2B A TVDIZEN1DLT IO
&9 7o BAF A b2 R T 01X, miRICEB W T HHZEMENHERF S TE Y | pseudo in-situ BEGIZ K 5%
ENBEINTWEZ EICXD, LN - T pseudo in-situ E{bIZ. Mo—Si-B RIZEB W T, MME(LIESED
a—TF 4 Y TEME LTS RFIETH DL EAVRE N, L LEEERA D, 1673 K BLEOIREHH CIL.
EREEA BB TIX Si02 B L B D SR EME MERE S D T2, TR bMEOB L RBE SNz, T ORE% fiE
W 57012l L0 SiRERELS, BIREDIKRWESEEZ - T pseudo insitu EELIC L 2a—T 4 v 7 %
BREtT 2 0ERSH D, £ TR TIE, MoSie kA& %2a—7 4 VMBI LTRFIL TS Z & LT,

3. WRITRR
3-1. EBRHIE

KD MoSies HyRIZ, —Hifli Al & L< I3 B BMAREEELL 1%27225 X 9EA L, SPS %12 T MoSiz,
MoSiz+Al, MoSio+B [EMBEASIRAERL L 7=, BEAEERA O RESIBLE Tmm X Tmm, /& X 1mm (F EOFCIRR



8107 8107 T T T T |
~ o ) | MoSi_ + Al
' 7107 |- ' 4107 | 2
£ £
© 107 s L /M
o 610 te)] B
N N L (10T
S 5107 S 4107 | i1 orr N
< < 1
QO 4107 o 8107 .
o o an ,
% 3107 % -1.210° | ‘{ : e
-: -: 3 ‘-l- . . i
(&) . O. sl |3 : F i
2107 1.610 ‘
(7] (7] | 4 ; -’- » A ' I‘»s k
(2] (7] ¥1 ‘ §
g 1107 g 210° - i
: MoS| +B
0 : ! . 2410° | | 1 1 %) L
0 110* 210* 310* 410* 0 110* 210* 310* 410*
time, t/s time, t/s

X4 . MoSiz ZJEMBERROEELFHS F COERZ/LIIHR. (a) 3BT 760Torr. (b) 3R /) 10Torr.

B agl ML, %iﬁﬂ%ﬁ%m% U —HRICTH#1500 F TR L7z, =Dk, HRIEIFSE %1%%@%&%5%
BRig 2T, 1500°C (2B 1T 2 & o b @8 2 14 L7z, #EHE ALOs © 7 v 712 & » TELFRPHE Iz

T &, B JZ%)E%J:H#FEEJ@WM%@UE L7~ B LSRRI Ar-20%02 ' 2 F KK JE (760Torr) & 10Torr
O 2FEHEDOEST, FLFFRIL 12 B TH - 7o, RER%., BRI 2 EE5ME 7 HMEE (SEM) TEIE L7121
2, XHRETE (XRD) T8 DA D[R E 25k 72,

3-2. EBRFER
312, SPS {EIZ L » TH B 7= MoSie BEFS AW SEM 84 ~9, NENZII/NY F v 77 87 < SPS
BIZ K > TR MoSie BERSAN G ONZb D EEXBND, T2 L, AT —DO LR bONKEICBEIN
7oo TIUH DI, MoSie EMARNBEREANCEALT 2 Z LICk > TAEK LT SO 7 7 AMPEELZL DT
BEREIRIZ R L BEINDIRER/ R T —TIE WV EE 2TV B, MoSia BEREARIZ b~ T, MoSi2+Al
BEEIRCIIAR T — DN A —T, L ZALEZART—EENE L IKWERABIE I, Ziud, SiO:
L ALOs DER T AN X —Z I Lz U U AKIZBW T, SIEE#FH T AleOs DA RV F—0 7 2MEK
<. L7EnoT ALOs O MBI ERT A MEmN S, —E ORI RER D SiOz%ﬁi‘ AliIZL-TETLTEN
T2bDEEZ LT, AR LT AlLOs X, AEERSERMETIIT 7 AME LEEW T2, BEREERRIRSMEIREY 2 8 = LS
HE£ITHZ LW FHRRNEEDICHDEFIE LTIFEELTWD LD EE X BN D, —J MoSix+B BEfERTIX
MoSis BEFEIRIZERTAHR 7 —H A XHREEAM L T 72,8102 FIZ B BAEAT D & SiO2 7 A DREE KT I+,
e EME 2 SO 5 2N K< BN TWAD, MoSie+B BEFEIR T TlL, FEERRE CEMERRTMD SiO2JEF1Z2 B
RN L SiOz DA FRENENEE D | %@ff*% %75%@@ SnlbolEZONT, LEDL 512, MoSiz i
FEIRICAI B EMRERETHI LI o T, BEHEEROME. &Y blT SiO2 DifFE:> %%@“Z‘ﬁﬁ)/ﬁﬂﬁﬁ“é
Z BRI,

4 (@), ES 760Torr TH HAL7- MoSizs. MoSis+Al, MoSis+B % ERBERS IR D BHE &1L & B o R %
KT, BADOHEN MoSia, 7R MoSis+Al, H 472 MoSis+B THh 5, MoSis Bl i Tl b4 Z’)ﬁxﬁ Iz
HEMNZ RSN, ZOB%RRO TR EERAD OB & o7, 2k, MoOs 3 EiR CHEMRICET =
D, MoOs DRI L2FERERBAOTHDLEEZ LN, —F, MoSi2 ICAlLB M L7=b ik, B
BoOBEEHEMO%, I HICEEEMOMER 4 7, EEEINEE L, MoSixt+B 7% MoSiz+Al DI L% 2 5%
ETholz, 7277 LZOEEHEMEE L, HBRIFR 12 RO ANTH D Z L ICEBEZL I LERH D, K4
(Md)iZ, JEF 10Torr T 54172 MoSiz, MoSiz+Al, MoSiz+B &/ EMBER RO EEZEL & K OMFRE R+, &
DD MoSiz, 7R MoSis+Al, H 4725 MoSis+B THh 5, MoSiz < MoSis+Al TiE., FEED EEZEA iR
LT, EL, WINOHE S, BIEWH o\ &N 8008 L Cue, —J7 MoSiz+B CTik, #{b#]
HIcKREREBEEREDZ R L, 20%, BEZMITO0HINEMRICHER Lz, BILo R EEEDI
MOO3 ORIz . B20s @ﬁ%@ﬁﬁiﬁﬁbﬂbo TWBHEDEELNAD ., B OIFED MoOs = Si02 O H-#EM:

WCHEBZRIELTWDEINE I DL, BEOLE ZARPTH S,

Welb EBR % ORI Z SEM THIZ L. MLRIRDZRIZOW TG L7z, K512, KR&EZR S TNT 10Torr



5. ikt o EHEE O SEM 4. (a), (b) MoSis. (), (d) MoSis + Al. (e), () MoSiz + B. (a), (c), (e) 760Torr.
(), (@, @ 10Torr.

THR{L L72. MoSiz, MoSiz+Al, MoSix+B % HEMBERi D & D SEM 4 27/~ K&ETEAE L7 MoSiz T
T, EONRERHEICE ZAH L AN LI RBRME A BIE S e, BE% OB O XRD HIE DR R, KR
JETIAL L7 MoSie TIZHEF O MoSiz DRI —27 DHThH -7 Z &b, bR KEL Si02 7 AJFT
BHY . TP BUHEREIZ B & OBUNAE R OBWVIZ Lo TEM I, A ER LIz DB 26Nz, Zh



(Z%f LT 10Torr TH&{k L 7= MoSiz Tld, KXUETEL L7=5E & B 0 RAH 0 . WA 7 — 037
ELTWALEITholz, XRD HIEDHEETIX MoSie DEIITE—7 DA THho7=Z &b, ARk L7t
SiO: T A THDHEHE R bV, 10Torr DGH, BBFEREVRKKEIZHRT2HELS DRV Tcd, Si02 7 7
2BOEKEL VR, TOEENSOO L) REHEBIBEIC/R-TmbDEEZ LN, 5() &z,
MoSis+Al OER{L% OF i SEM 4% /~r7, KEJETE{L L 72 MoSis+Al OFRE XL SN TH Y, B2
WAL IR TER SN TS L 9 Thov-, XRD HIEDFEETIZ, EM D MoSia DEFFE— 7 DR TH-o71-, &
Z A 10Torr THL L723E . 1B O M RBR LIS N2 TERIR B L < TR IR O BRL 28 WP TARL L T
DT EMbnolz, XRD HIE DR, kD MoSiz DAIPT B — 7 LISt D v — 7 N EHELE S N7=, Mo-Si-B &
SHIC Al 2N 5 &, SiFAL AL N AR T D Z ERMESNTND I Enn, $HkE L iRk ik
BRbE Si-Al HEABILMThHr L EX BT, —JF., K5 @2, MoSis+B DOfig{bth DK SEM {4 % R
9, REJE TEL L 7= MoSie+B OEHIIIEFITHE L TH Y | B RBILEERER SN TVnD Lo Th-o 7=,
XRD € DFERTIZ. Eb D MoSia DEIHTE—27 DA TH Y, MoSia, MoSis+Al DA L k. SiO2 T A
BRARLEZLDEEZ BTZ, MoSie+B % 10Torr THEEL L7=3HE. 1B LR EHICKED BRI EEL
Iz, SiOeHFIZBBNBEBATEHZ LIS T, SiOeDH T ABBIEEAZEK FTEIEL2Z E0/REINTWS, H
T AHERIRE DS TS UL, A & OBUHE ZE 2B S VB RINIER SIS WER E 25133 CTh o, £
WH b b, K5@E0 bEmEBECAEMMNER SN TWD DT, Si02 2 B NEAT S Z &2k - THH
& OBBZIRBRIDE NN KREL ol lzdt Lt

PLED X 512, MoSiz [JEMBERS ARIZK LT AL B EM R A MEIRSG LI EMBERE AR CIx, BEf oMk, &
BRI g, ARBILEEICERNENS Z RN E R ST,

4. Lo

AL > T, WS OPOEERMANELNT-, £7°. Mo-Si &&DMAkICHT 5 Al O&REITH D, W
ZERkI Tl ~_72 & 30 . Mo,/ MosSiBz . W iop 5 Mo, MosSiBs in-situ #-EMEHI, YA O 8 & IR i
BMELE L CIRBAIERDO—2Th D, LNLRBL, 5% 2O Mo,/ MosSiBe in-situ EAEMEI T —E 7
L— RE{ERT D LT ZOMEUN T rn e ARKELRFEL2DITTTH D, 72872 51X, Z D Mo, MosSiBs
THAMIEELESY 2000°C LA ETH D20, IBEEEE T 0 A TR A Ty bR DI N EE A D D i
TThHbH, Mz T, BETERECTCHAZD, ZIRIMLIXFEFEACARARETH D, LER-T, XA a2z
IHERAGIC KTE b 2 VERLT 2 12 1%. B RIEAMN 7o ANEETH 5, & 2 A0, Mo-Si BRI E Toil
BTEHPZDLTNICBELTEY . THUBNBERBRFCHR-RRNmT SiOe HT7 A Lo TLE D, ZIUIAN
BTHOLNTEK3 THRLEZEBY THDH, ZDSi02 T ADFEIT. EIERELZE LK TSEDL 205,
Mo,/ MosSiBe —AAM AR DOEIRMRENE SN2, L LAIFER TH LR E LT, Al OFFET Si0: d
EREIHIT 52 ERH LN E o7 Ak Al ZEUNCTRIN Lk S 2% 2 &2 k- T . Mo MosSiBg in-situ
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N—7IZ X 0B &7z rebonded step(RS)E T /L & FEEN 5 E
TOTHHIND Z &0 STM &5 JREFHEICE S T D
WL SN TRV, FEEE AFM %2 W22 TORER- OB
5 bR STV A (X 6 . T. Eguchi, Y. Fujikawa, T. Sakurai, Y.

6 GelSi(105) %M LT AFM
L FDRFETF LRSS EFINL)




Hasegawa, et al. Phys. Rev. Lett. 93, 266102 (2004)),
ZNETOMWIENS, FH EDOFE T D 9 5 normal dimer &
MEAXN DT DOX 7Y 7Ry KD rebonded atom & I
BNDIRTFOZ 7Y 7Ry RICEFRBE LZRICX -
TEPRLELTNDZERDN-TND, TIT, ey
n— 7RI K DEERT v v VAEEM Z \WT, 2 OEA
BENZME S AT vy VER RS20 E 2 WES
HaTe, BRI, X TV TRy REOENBENID & > T - —— . :
BIOKADILEBIIC LY Hx ORFOBIERRFENT o fB)  ronssasom

l/\éo g 100 |

], Si(105) AR IZ Ge 2 KB T2 2 LIk > THRFEEEE & o

WL, ZOXEF vy VB R DT, herH—CThbdhr © o 4§ f
F L= UL, BRI Z o T AT VBRE I T L N— o vomeidimes
EHWCWD, HIEEITol AR TIORENS L ICF T LI R T

VAUV TORT o VELNBIE STz, FIRFICHE SN M7 (@AFM (12X 5 Ge/Si(105)%
AFM IZ LD RFBEHKRTHZLICR Y, EFE22T HTORTF Ly ASHE O)XF
rebonded atom TOHART > I /L7 normal dimer EDZIIT s oo i
EREL 2o TS Z ERHMBIIRS L, 612, ZFORT Y
T VTR 156meV T 7). AFM HIED S PRI -5 S I2sn
THFHHEND THEENERT Uy LOELIFIFE LW LN
ERINTc, 2oLl &b, SREIOMEIZ LY R+ (GEfE
WZIWXZFDX 7Y TR RUENW) CTOBRBE) & BEHEIC 22 M
THHITA A ZENTERLEEZ D,
SEATONTZRT v VENS ., BT oy v VIlER & DT X%
X —REEITH 3meV & STz, ZAUXEE OZEREEIN I FED
GOTRBEORT 2% VIIEFEDO TR THMO CTEWIIFRETH D
LEZD, ZOZENBLAREBE LT AFM IZ X 5K T v ¥ VIIER
1. FF LUV D ZERSFREE T meV L ~UL D= )L X — S HRAETO R
TV MAENIRER ZNE TIZ LB R WENZHETETH D
LEZ5,

(3) AFM HtnefESt DB

INFETRRTEEZ T AT R T L= 6D TEh R
\CHERET D Z B L= Z &b, ZoHdi =R LT, -7k (c) 1R MmICE] Y 7= 8
B2+ 5 AFM BT 2175 2 L & Lz, —old, KR THO AFM ¢, (d) 1Z@igshn- Si(111)
BEx B & L= EVIEERKAEE 74 V- AFM fht o34 — REOEETO AFM 4
DOBFETH 5,

JepEf R AFM Ti%, . b
FULNR—Z2 R IERHEEIDN D
F&EZiF- 2 L ic k2R R
DEERHE L TWS, Z O
AL GRS - SRR IS E < IICHE Y :
LTHY, 2he—ElicRd ki "
T4 =Ry ZHIE LA K (110)
FEETETLI LIk THEED [
M OWTIERE DR F18 2155
FETHD, B FLR—=DEALD
HEIET BN THEN M9 AGEDIESIES
WHRDA, WFROBE D 3 12m v (15 & 7= ek
BEEDENLEIIRD, ZOR. K BoF I ME
Ba7R &V YR E FEoM B2 IR
FxELrrh—E LTHWD LIEBIEMZEBXNER & L TR
VAT Z LR TEX D Z ENDLEMME S ST HIE 2 81217
I ENAREE T2 D, Fox X, (KIE T CEIET S AFM OB% % H
FFLTCWEN, KETFTTIEAR—ZRNREND Z b, BHERERMO e —136F7]TH 5,

Fx1x, IMHz O HRE M A FfO RIZIREVADK B IRE) 7 Ol bum BOZ T AT U A ¥ —%
WY HF, eos v TAT B T L R—D%E L RERIC FIB TR zifE L ¢ AFM o 1z o4
—ELTHWSZEE L7(X8), BIIEEAUKSEIRE) - CIX@HE DN T L S—Z R TR EENE
K, LERS> TEBHREZ/NE LTHRBERNODHIZAIT T oDOWTLE ) Z ERnAR, REHRE
W2 /NS <952 EITILAREE 170 CEEBED 2T 2 OICARII Z Lnn | mofifeE AFM BE1E21c

X 10 /KfsRIDIREVRRE 11 K
% Si(111)Fm OIKIE T AFM 14,
RE T 8.6K, (a)42nm x 42nm. (b)
Inm x Inm




b L TWBES 2D,

Fob ) —OOREIE, FOEBRIEIRN SRS OBERA A BEMEE (FIM) 423 R 5 (28152
TXAHETHD, AFMIZEWTE STM A7 v —7 & UL CTHW A ESHCmO IR « JH 75 & % 244 5
ZEIEFEETHY ., BT AFM OBA . 77 T AT — LR Nl CRIEEES A S T 2 L BN E iR~
DOEERFATTHDZ EPLERRTFEEED R LT REFMIT S Z
EOEFRITEV, KOITREND X H 7 FIM 8o X v 7 AT RO
St 2R DR RSN A RTINS Z EMTE, EHICELEEZEL
LCERREEBIESEDZ LI 2O - JRAEY 2 HlE 5 = &
HLARETH D,

T, B LI RIREN R K AR E) 1 2 (KR STM/AFM + A7
LB UK (A~ o ARE) TO AFM 822 A TEY, FT
BEIZRIZERII L TWA, X 10 134 v 7 2T 82 B B IREAUK 5
BT Z2HWZRIE AFM B TH Y | NI TEPELND T L 3R
ENTWD, 5%, ZOEEICRT 2 v VIIEREZ RV A1), (KR

TOLYERERRT oy VMAEDEREZBIF LI EZ X T d
% K11 AFM O5afz{isic

X F

(4) &St FLNR—IZLDAFM F 2 VY 757 ¢

el =2 o AT AARE T o F L R—DER T EIR. T
IHZHNT £ P —NFIZADRY . FEARITITVNR A EHT
LXINARETH D, A ITETA Y =00 DR 2RO v
FLANR—ZER L., R SRR ~ERRRICL V4
FraBEhsEsZ L2k, @«0F /A XD Ky M EAER
L. TNEEGHNIIHD BT Z Lo TF /A r—n o/ %
—= VT HEITHOZEEBRLTWD,

AFM 12X D37 —MERK T 7ebb AFM U Y 75 7 4 —IZ
X, INFETHEBEBILEN IO T HRA LZENLEHWTO
ST 7 E R T o TS (K 11), B LiEOBA . KEH
THREHZADNA T ABEEZIMTHZ LickoTy ) a4 36KV X2,008 1@nm 5 88
*ﬁ%%ﬁﬁﬁ‘]&:ﬁﬁfb?‘élk&:ioff/ﬁﬁk‘éﬂfﬁﬁ\ %@%ﬁ?\i 12 (ﬁ%ﬁ+ﬁy%]//\_
I LD TFET, BEHCEO SV AEBEZHIINTA Z Ltk -
TRy FEERT D, X 12 [ZEBRISER Le8Ee > F 13—
SEM ., S5t 13 icEnEHNCTY Y a K ETAFM U V7
T 7 4 —"To 7tk D AFM 4% 7~3, BEEFHZ 10V, 500msec O &[T
2V A BRI LD DR 2 HEC B8 S B THIWVLWTE Y | MNTERK
FICIVREIER EICBEN L2k AU A Y — SN MR TE 5,

ZDTA Y —REEOKEITE 10nm & BLEEFETIIR ) KWy, &
FUTFERERRIEIC R NEE DB N SN X v B 7 E— K& H
Licle®dTHD, TNEIEEMETITH) ZLICED 51TV T A1 v
—EEEERCE D LD LEEZ TN D, Ak, TRV A ¥ —%
HHICHIK ZEMTXA LTV AT AL T A2 LIc k-
T, HoOMPUDIEREINT-~r a A r— LOEmEAENELET5F
J WG & A SRR BRI & L CZ OB ATEH LTV EE
B THD,

K13 &iFEsth o FL—%H
WTCHi» 24T A v —

4. F &

AElL AFM IZART o VHERREZ B L, B E & BITEZEMOMHRE - ML X —fFRETO
FKHART X VRIETIEERBETHZENTE e, EFIHEST, &REHEFET LI F L N—
EAERT DHAN 2B LA T > v v VIIEZ DM+ HSREZ BRI T D 2 L 2R T& 7, £72, BIRL
7oA B EEHER BN 2 IE AT 2 Z L1 ko T AKBIEE T Z2F A L7 ARIEHA O AFM J1t o —ZB% L,
BIRTOR B 5257, S OISR ESOMELE LIz o F LA—2ER L TR 72 EEBR 72 8 & BRIR 5
WCEDAFM ) V757 4 —EIC X o TUA ¥ —EEZ B TE 5 2 L R T 7=,

AWFFEIL, Rk 18 R Bkl L CHFEIZEE L THD TV S, A% OME S LTk, &8st o F 1L
N—=2kD AFM UV V75 7 4 —OHR 24 L T, S I OEEE CONRY —=0 TN TE L4
WiEBEL, B, U a UERABEIEAR BICE NI A e & BB R OB SR E O R L
LCOIERZBERELTWS, £z, 51225 LIEMMEMIMEREN & AT v o v o AmllE Sl & OF A
LT, BRM/HENTODIRIETORT ¥ ¥ WAIE %8 U CRFmIRBREP A ONEZ B L Tinh&
TnWEEZ TS,
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1. [[FLC®IC

—RICARNTHOON D EARMBHCITRE. HMEERTEYE. MEEM. £ARRMELENERSN, &5
2. ERIEDEOICEIZEZSHRLGARICES LIBEMZMANTEILLRELEL S, COLSGEFEL
b, EERAEARMBLELTIE, TELTRATULRHM, Co-Cr R, EHITAETEHFEVERLGEZHD
ELEMBERARENRAICITEDN TS, ZOH T, AMKIZEZGRRN OB INTLS B B (bec #EiE)
Ti-Nb-Sn RAEHATEASICK YRR Iz, REEIENb, Sn ZBEFMT S EICKY VYU ITREEBT
BIENARETHA-ONENERBEEDOERNAFTETHEMNY THL, BEEDRE S UBIKEED
REET L. BERLIBZEDTVESMHED—DOTH S,

CCT. REEDOV U TEOEBEEDNRIEEMERBLIUNTI - BB IO RICHRICEESIND
EWRBHINTWS, COZLE, EEOWMBEBE I UBENBEEENRICEEZELGREZES> LR
B3 53D THD, F&ZIE. BEBS[1][E Nb, Sn DFMELZRMMICELSE-FELDMHEKD Ti-Nb-Sn
BEDYVUIEERL. VU ITEQETHERN o MEFLUEM o HEMBENH L ELIREL TS, T2,
WA S 2]IEAAERBROMT - BUEATILT oA FPEEBEREICHRICEEERIFY C L EEBRMIC
TLTW%, LALEAL, REERTIXEEERICKIELEEEFHZERICEELAIELHEL. ED
SERABMNRERFINEEEREAEZEZRIFTONNITAICEIESNATLEL, LEA->T, REEROF
REBDNROHBICADLIA DA LEZWBRMBR AN EET LI L(E. ZMMILEEMKETOILT
LFBICERRENVEER D, AHRTIE, BLAOMI - 20E(C & Y A% HIf# L 7= Ti-Nb-Sn &[22
T. BEELICLPMBESEEOEILZEAREFEMBICLIVIRARTI S LZBEMNET S, ZBAUE
FIEMEEEIER (Transmission electron microscopy; TEM) TIXEBRILF—E LI UVEBRRILF—FRHNT, <
LWToHA FEEBELUVA—RATFHA4 P ERLGEDHMMERE - BENELLZTOSHEEL. BEHEDROD
HIBEDOA DX LEBHATHIEEBET,

2. WRZA

TiNb ERLBEDBETI ELEPERBEULTRUEBEE LK. TOFERESANT S LITLY
"/mohd, £z, BENOBREANZTSE. SR BHEUNITILTOHA MEP o HEEDHE
BEMEPERSINDZENMOENT D, TiARICHET ST YA MAIZIEARAE (hexagonal) D
a’HHERAE (orthorhombic) M oD 2FEFELAHY . B FEITRMNLLEMDVGEWGEEICIE o 8L, B
REALTRNLEBHZ VMESICIE o " BINERT D, Tz, o BICITIEEM o 3 (athermal o phase) & EEY
o #8 (isothermal o phase) H'd 5. JEEM o MBIL B MEEMN S DBEETANDIEIC B HENSERMBILEREICKY
BERENDETHD.

Fhz. —BMIC. BEMDRORBES LUV TROBREICEZENTAIILTOHA MBS LU o A
BELRRIZREZLTVDEZEZONTLS.TiND RARICEFTATILT YA MEEEIZDOLTIELL
DIDMENH Y 3]SI PRELTETHSI N  SEENFLTHERIZTILT YA FEERFIIREE (Ms
B) LEVTRERIZHD. £z, Ti-Nb RERITETIERTE o HAHERT HIZELL T, YUIE
FERTEHIELHESNTLD, COTEML, PHAERTTREILL. D, o HOBBRLZIFHT S
AEMERBTY U IRNRMILEEEEZ D, Ti-Nb RARICEWLTIE, SniFmMA BHEEREILL. o #
OIIITFoHA FMEDEERBEFZBVSEINENH LI EARBIATEY., ZOKSHEHICKY
Ti-Nb [Z Sn ZFEUERMLI-EETIHEVY OV RDBRMEEEEEHTELHLEZ NS, ERIC. Ti-Nb
BRIIHT S Sn HRMOMREIEBES[]CL > TEBRMICHERINTEY. XEEROBKEERHE. &
KUY VTR EDEMAFIEE Sn FMENEBICHRICEELZRIEIT I EATINTILNS,

DEDESCTIILTUONA MEELY o HOEBREFIEREMICEEEDNRESL UV TERDOETIC
FETLHOH., TOHEERHZHALNCTLIENEELL S, LHL. Nb, Sn FMIZEELHESTILT




‘/"j"f PP o HOBAEEZEBEBZNICER LIz LW S REEDH . ERHEOEAEE OB
BE. AMTRODFKRR., BRARGENEESHHECRIFTIHZELZFMIBELTOLRLVOHIRKTH S,
ZD1=&. Ti-Nb-Sn ERITH TSN, SHPOREERLZERHEL. BEEDHROHRICEDS A H=
ALZEZEBREBNGHNENSBAT I LFAERTHIHEERZ D,
AHMETE, BERILF—BLUMBRLE—IZ&Y, RBHEEZERICHETEIREBICES.
Ti-Nb-Sn §£(2H 1T 2BBEDOHEREECT O AIE BEELG ORI Z TEM T%O)iﬁﬁﬁ%?’%
CEEEAT,

3. IREE

BE Ti (99.99%). Nb (99.99%). Sn (99.99%) Z#RE#&E LT, Ar 7—VBMREICKY EESHERN
Ti- 35 wt. % Nb- (0, 3,5,6) wt. %-Sn L5 5 4 FBEDEEFMEE L1z, (LR, ThETNDOAEE % Ti-Nb-0Sn,
Ti-Nb-3Sn, Ti-Nb-5Sn, Ti-Nb-6Sn & f&il& L TREET 5.) ERH L& % 1323 K T 24 BKREIOHELRD
BICH LR, IEOBKTEICEDSLSICUYH Lz, 0%, EZFESHICT 1223 K T 3 BFREGFRE
L. KKBICTHEZANT, EEOHEBRZHET 5720 100K~523 K DREHEICEVTREEEER
7#TEt (Differential Scanning Calorimetry : DSC) BIE 1T o1z, F1-. EEDEHEORE S & VEREE
ERFTT B0 X BEFICK DBEBFTZIT oz X #RIR(X Cu BEKIZ K 5 Cuka #2 (A = 0.1541838 nm)
ZAWT., IMEEBE. ERZ 40 kV. 30 mA, BIEEHEZ 20 = 30°~100°& L1=, S oIz, Wik Z
FEMBES LU TEM IZTIHAE Lz, TEM BZREFIL 3 mme x 80 um DT 4 R 7 KR/ &+ EREHEE LI
HLUTHEREELz, EREMERILAZ/ —ILI5 %/ HEES %BRERAL. BE 243 ~ 253K, EF% 5~
10V IZTiTo 1z, TEM ERE(ZIX JEOL & JEM-2010 (MIEEE; 200kV)ZEEH L 1=, AHEIRILE —H KT
BRI —FANT., BIREOEREZ I00K~423 K DHEBTEILSBLEEDALOHMEBTIEEZFD
SEHE LT,

Fig. 1 IZ Ti-Nb-(0, 3, 5, 6)Sn B€ DAFHEMIRE TR T . Ti-Nb-0Sn & TlE. FERHEN 100~500 um
BREOFMMINHEIN, TOLTITHERANTHEAMICER L - sHKEEA R I, Ti-Nb-3Sn &
£ Tl Ti-Nb-0Sn L LRBENOKRE SDHFRAMNER I, —BOFRMA TEHRBEBIBRRINNT,
Ti-Nb-5Sn. Ti-Nb-6Sn &% TILERANIZEHKMERIEIR ohiah o1z, X #REHFTIL, Fig.2 ITRT &SI
Ti-Nb-0Sn &£ # & U Ti-Nb-3Sn B£IZH VT p#(bec)E RILT Y4 b a8 (orthorhombic) MD[EHE—
DR S, Ti-Nb-5Sn, Ti-Nb-6Sn EE& TX pHDEIRE—Y DHABRHE SN, LIEMNS, Ti-Nb-0Sn
BEBLUTING3SN ERICEVTAEBHBE CTHRESAHKBBIEITILT OUS b lHTHLEER
b, Ftz. SnHMIZELLE WV e HOBEN G SN S Z LR INT,
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Fig. 1 Optical microphotos (a) Ti-Nb-OSn, (b)  Fig. 2 X-ray diffraction profiles of (a) Ti-Nb-0Sn, (b)
Ti-Nb-3Sn, (c) Ti-Nb-5Sn and (d) Ti-Nb-6Sn alloys by  Ti-Nb-3Sn, (c) Ti-Nb-5Sn and (d) Ti-Nb-6Sn alloys
an optical microscopy.




Fig. 3 IZ Ti-Nb-(0, 3, 5, 6)Sn 5&®D
DSCHIEFB 7 7 4 )L %R Fig. 3(a)
[Z7RT & 312 Ti-Nb-0Sn € TIXFEB
BFETH 448 K~478 K IZIREE—SH
MNHIET L, ChiLa”lh 5 pHEAD
CILTUYA FEERISERT HE—
JTHY. TILTUoYA FHEEREDR
TRIBE (4s) A9 448 K, TR TR
E (4) D48 K THDZ EEFRT,
F-. BEABETEBMEL L a”B~AD
IILToHA FERIZCEKDIE—VIER
Honhd ., KEBEOEETIETILTY
YA FERBEIFAFHNTHDE LR
%, Ti-Nb-3Sn & TlE. FEEET
TILTUYA FEERE, RREARETY
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RS, As (X350 K, Af[F 402 K,
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BEEOCYRLICKY FEFRUEEHTERE—VHAHEBEL, REETIE, TILTUoY A FEEE
AE TIX, Ti-Nb-3Sn &
EICE5 T H8E (E—VDBMEE) £HALTHLOD. TILToH A FERNAIFMICEZSZ L
BETIE, 100K~523 K DBRESHEATEREE—V (TR S Gh > = (Fig.
RTREFBRTITAERIZHY .

MICEEC B EMTREIND, Ti-Nb-5Sn &
ZHE
MR E N B (Fig. 3(c)). Ti-Nb-6Sn
3(d)e CDEIIT, SnFMICKYRERHAES
FERBS[1ICEBDATFEE LS —BLTLS,
Fig. 4(a) [TERIZH TS Ti-Nb-0Sn §EDH
FHEBRE LU [100]; AFTH 5 DEFEITERE T
T, BAREE TIXIEEL 100 nm FREDEHIK o 48
DNEEIN, {110}, @EFTHRARICELEMIC
MREND, a”HIE2 20N T EHAEEL
THEY. e HORERIZITTHER R MO EMER L
2HAHLDONT, Tz, EFEFETIE B,
a” ho@DEFRAKRY MIMZ T, wEMSD
BEMELVREOND, o HIFEFRITRIFICE
Nd0fBD 120/ 7 bOERFTHAZRL
THEE L o MFORBREBETHEIT SN
TE. BHERNICERSICHHM (1~3mm) IZTHFEL
THEY. wHOEEBEIIMDOLE TI &L LE
LLL TULV=[6][7]. FT=. [001]5 AGTDHIPRREF
EHFERFEICR 50512 12 0),I2R5n B RR
Y FDFE bee T RY YO RAD <110> AR
[CEFERORESANEZEX 2 EOBENEELT
WHIELHEEKRLTLASFig. SICERIZEITS
B# / ZIT YA ME (o) REFHAT
DEHREEBRERT, Fig. 5 LEAPpHETH Y.
4ExME L > THEICERESIA TN, Fi-.
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Fig. 3 DSC profiles of (a) Ti-Nb-0Sn, (b) Ti-Nb-3Sn, (c¢) Ti-Nb-5Sn
and (d) Ti-Nb-6Sn alloys.

BE (Ms) [£363K, ZERERTIEE (M) (310K TH-o1=(Fig. 3(b). F1=. &
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Fig. 4 Bright field images and selected area diffraction
patterns of Ti-Nb-0Sn alloy at 293 K (a), 623 K (b) and
293 K after heating (c), viewed along the [001]g zone

axis, (a) and (b), and [011]g , (c).
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Fig. 5 High resolution TEM image of Ti-Nb-0Sn alloy at 293 K viewed along [001]3 zone axis.

NIFEARMIZIE Bain DEREFEINTNWE2EDTH D, —HZIC Bain DBAZRIE bec HEBED
(110) @& fec BED (100) MEMNFETTHAIGEEDERNLGAUEZRTHLIH. KEEITHEL
THREIND 12120 EHFRAKRY FOFEE. COBGRMSEMD fec BEICRSHDEE
HEHELLEEADPADIELICEY ., AHMEMET LI EEZRET D, THhE, EILTL
% BHH(bec) DEMEERIL o« = 0331 nm THY. (011),DEMIFE dpy = 0233 nm THD. —A.
@ ”(orthorhombic) DIEFEHIE a = 0.490 nm, b = 0.457 nm, c=0.299 nm TH Y . [011]; &[020], THFVT
HWENTHD I EMNREINS, ¢ [EEFEICITZEMEE Cmem ORDMARICET S EAHESINTLS
[5]o Fig. 5 D& fERE TEM BRIZEWVWTEL O 2 EAHMBELHBEICHEEIA TS, LML, COEH
ENBEICEAIZEDEL0OMN Nb GEDRFORBHARAUMCLD2LDNEIZDEEN ST TIETRHATH
%5, COTLTUHYA MIOBEFXXRERNEOERMFRERICK>THATLIOERETHY . §&. &
MEFBEMRZAVEZEFLRILTOBFIABLETHS, £f-. TLICKYTILT YA MEOREMXIC
MY 2 EEMERNARRICEDILEDEEZOND,

COEERME TEM ATMRT 5 L. EFEIETIEH 448 KHETYILTUHYA MME (af8) (2
®IEd HRARY FAHEK L, 473 KIZHITHBEFEFRETIEBHASDEFRARY FHE LU o HBIZK D8
EBHILOABE SNz, BEREBETIEIILT O A MEVNFELZEEOIY SR MEEXT S (Fig. 4
b)o EHIZ, REEHZ A K hOoERFEFTHEALIZEC A, BHICEDEIFRAKRY b & o BIZHIET S
diffuse ZEIFRARY ARLNIZEDD " DERIERH 5T KA TETILT oA FEREEIFRHE
BITHADEWZ D, (Fig. 4(c)) s

—7A. Ti-Nb-3Sn € TlE, FRICEWLTIL. BAREEN 51 B #(bee)B & UME 50 nm FREDEHIKTIL
TUYA FE(eB) BRI N . EFEFETIE B, o” MODOEIFRARY FIMZ T.o #H 50 diffuse
ARy bE RSNz (Fig 6(a). CDFEFEZE TEM ATMET 5 &, EFEIFE TIEH 353K HETIE o
HIZHRIET DRER Y FAUELKL BHEEMHM o LA SDERIFTOALALNDH. BAERFBTETILTOHA
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Table 1: DSC measurement of samples.

As[K] | AfIK] | Ms[K] | MAK] | Zt[K]

.E

=

3 . + 0,

E o Tis0.8Ni43.1Cus[at.%] TiSDNi43.1Cublat. %] 262 265 260 24 4l
-‘g " A Tis2.3N i41.6‘Cu6[at. %] Ti52.3Nid1.6Cu6fat.%| 292 2% 285 268 3
E N | TissNiseCuefat.%] | | Tis33Nd6Cuslat%| | 280 | 288 | 269 | 260 | 28
30 40 50 60 70 80 90

Fig.1: X-ray diffraction patterns of as-spun samples.
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Fig.2: Tensile stress and elongation of annealed samples,
experiment temperature is Af+15[K],
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4 £&0
GaNAs/GaAs SQW #i&EDAKIR (10K) PL JE CIXEFFH T2 5 Ok R IL 1Bl S 4.
GaAs (001) EEM L 0 & GaAs (111) A FEHD =D SQW DIE 5 AT =—/ b (RTA) 1T K D FIEHE D
FIFE LS REVWZ LB LT, Z ORI, RTA 2D PL BB ITRE DMEL &L 72 o T2,

CHR

1)S.Blanc, et al: Solid State Electronics 47, 395(2003)
2)S.7Z.Wang, et al:J.Cryst.Growth 255, 258 (2003)
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1. X8I

= ILRDEAEZn, Mn, Teld, FRELBERM - KR MEE I Lo Tl <D I ICFES I C& T2, Wb
DO N FRDI LD —D>ThD, BtERE - ERO TR ESNDZOMEREOS EZ E22WMEIL, ALK
I SE LI LIRS A LN A RETH D, ZDZn, Mn, TeD 5 T-EFIZ. PIRESNSAEED T T, BEMEA A
VTHDOMNT DT UL NI A LB ELE DS TCNDEB Z BN T e, ZOHERRIT, 4T E A Mni 12 b
BILTEAL T2 (VegardHl)) EWVIOXHREIFTEER [1] (2FESW0TWD, LnLaensh, XERW I E (XAFS) O
BIENSIE, x = 0.65 ETOIEWFEELHIPH T, Mn-Te (0.272 nm), Zn-Te (0.264 nm) FEAOFESITMRICIZEAL
{KAFL 72\ (PaulingHl)) £V GRS E T2 2] 20— R JE T D6 RDAEENOH /25 M. K&ER
MnTe, U R E DR TNSZRZnTe, U R T TETAE F DRI AR TWDDTEAD 2 L) B CFkFE
IZOWVWTTHSD,

Z DM AR DI, Bz 1d, T FE TIZSPring-8 MBL37XUIZ TZng 4Mng (TeDMn-K , # Y XEAR 0 77
74— (XFH) O EB % £ L 7=, XFHIL, € TR DO FOVO =R TR FELA 2R E T HIEDOTELH L
JRFTESEIRITE TH D, OB NWE2, ST TO—RITHIRE RN EON2WVXAFSE L 458, K&
72 BB (Bl Cld e REE 7B £ C) TOJRFALFIZ =R ITHNCH DN T HIEN TEH LWV FE Az RFD
[3]. ZDSPring-8 DXFHEBRDFE /D, it BIOVE TN E T ATe n B DA A—V0, BBLZM
SRS TS CHERISNANME IZIZENERRO LT [4]. ZHUTTefE A4 U 23, R ETIZIEFIZL oD E Lz
BFE T2 L CODZEERL TS, LG, 3 T HEICAFIET AT O Znd W EMn TR IT5E80 5
e oTe [4]), ZOTEDBZn, MnbGiA A4 ORI FICIETFICREREHLDBHDLZENHERENDN, WiE T 57
DITIFZnB L O TeD HO DIF RN R A R E72D, ZZTAFEIL, £ £ONOZaDJE YD i 72 )7 Bl &
Z i E B BN T B2 Zn M, Te HifE f D Zn-K , XFHORIEZFT 77,

[1] D. R. Yorder-Short et al., J. Appl. Phys. 58, 4056 (1985). [2] N. Happo et al., J. Phys.: Condens. Matter 8, 4315
(1996). [3] K. Hayashi et al., Nucl. Instrum. Met. Phys. Res. B 196, 180 (2002). [4] S. Hosokawa et al., Jpn. J. Appl.
Phys. 44, 1011 (2005).

2. Broet

In-K 86X n 77 7 0 —ORIEE. 2005 4 10 A 125 T %L X — NIRRT FeERE - Y BL Zar
ZEFT + Photon Factory (KEK-PF) D4 % VAN 2 /36T A VBL-3AICER B STV 5 3 il 4 FIXGHRA]
Witz flio> TiTo 72, MEITHWEZREHE T U » O~ B2 X W AERLL 72 Zng sMngcTe T, Hifl 5D (110)F
AL, &I XE AN Lz, ARXERO =R F—I1311.0~13.0 keVOFIFHZE 0.5 keVH| I TE
fb&E7, SN DZn-K B XMT, HEE S 77 74 Myt OV Todt - 6L, @l T 7
Ve T F MEAFT—RTHRH L, 07 < 0<70° .0° < ¢< 360° OAEHHEEZ, ThEN1 & 05°
ANH TR T T BNE— 2 F Gz, —OORFXHFTRALF—TORE 7T LAORIEITIE, )8 K4 2
L7z, 20054 12 A & 2006 4 2 AICHALKRY: « BRMEFZETIC T, MiF—Bh Rz & OILFREE T, &7
—ZNEORBT T MME SO, JR B OFARE DT a1T o7,

3. R

LI AF XD =R F =23 11.0ke VORRIZIHIE L 72Zng sMng s TeDZn-K, XFH/ ¥ — %771, XEREER
OIS N TRY, BERT — X ThDHIEN 503D, BartonD 7 )V EY X LEAfE 73R e 7 —V =4



BT — ZALER A i U CRF AR L2 Zn D JE D O (110) 1 N O S+ A

A=V HERK 21TRT, AR, RONE SR LE A

R, FHITTR LDl o zZncE O E, OFNIRHED

ZnTe (PIHLENGEAEE) O, (110)HINDZnD JE Y O JF L & %

AT, ZOFRFBIE. K1Oob0EZ0EEHMIZT—U =

B LT-72 0 CIXHAETE T, Aa T AMIRFHREEZITV)

SERKREEKRE TR L2 Sk > THRZ, WSO kR
ERONDEERRAOND D, RilrHE, BROE —r#IAr
BT DTeTtHE DA A=Y, BEIZREDOZnTe THEHIZ 1D
PLE (OFN IZIE-EV EBOH DTz, ZOZEIMnD Y &Rk
(ZZnDAVDD RT3 E b TelEA A U B EETITIHEF ITL 2030

ELTERSE A TERR L TWDZ LA RL TS, L, 5B T Hs
CLTIFEET DL T OZndh AW MR+, RiT0ERH o

ot ZOZENBM-K, XFHOEBREFRRIC, BA 4 D

BIFE TR R EREANH DL ENHERISND, ZONEIE,
2006 FHEFIL AL ZBEREIGEHSICTRELE (5. 4
%, val—TaliERED R e & ORI MRAT 21T
J. Appl. Phys |2 FR 5T & TH D,

[5] 7 R 48 K Zng JMny s Te D Zn-K , 8 XHpRn 757 4
— L RETHRER SR TR T2, bk &P, A FEA
VORI YRR R R IEEC. R R

(22p-ZH-16).

1. Zn0,4Mn0_6Te®Zn-Ka XFH/ %
—o AFIXH#RIZ 11.0keV

<01= (nm})

4. £

T RGME AR Zn, M, Te D Zn® J&Y O & T 72 i 1Bl &
T EEMICHALNCT 57289 12Zng sMng s TeDZn-K , XFHO
TEEAT T2, FRNTOFE R0, Mn-K, XFHO EBREFIEEIC, Te
S AL NEEPICHER LoD LRI TRRL TS
S BT OISR BT s T SR, KO
iz ZOFRE BITHED 2B DIZL T, ZOIRIBEROXIR 7 ¢ 2 — v LENEHROZE T,
[T EXAFS D F J& DRI LG ZFT D72 DIIETeDHV D OFNL. RHED B EAEERE S D
B REGDTODERN R A R ERDLE-bNS, ZnTeD Ji 1L,

L] 2

<110= (nm})

5. F& (8h) #C

1 “Three-dimensional atomic image in diluted magnetic semiconducor Zn; . Mn,Te obtained by X-ray fluorescence
holography”, S. Hosokawa, N. Happo, K. Hayashi, T. Ozaki, Acta Cryst. A61, C387 (2005).

2 “Atomic Image around Mn Atoms in Diluted Magnetic Semiconductor Zn,,MnysTe Obtained by X-ray
Fluorescence Holography”, N. Happo, S. Hosokawa, K. Hayashi, T. Ozaki, K. Horii, Proc. Int. Conf. on X-ray
Microscopy (26-30 July 2005, Himeji), Conf. Proc. Ser. of Institute of Pure and Applied Physics, Japan (2006),

in press.
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1. ILwic

U R, CPEREXEE XX D HBMELTH D, IEFOMTHEMORRBIZLD . FFROFTHREMEN K
ELIENB S TND, W CMOS MEFE LTHHEH SN TWAEY Y a4, »Nvr v arofxy ) 74
JEDREZVERE L, 90nm 7' 1 A TG SEAESD T D, F72 SGOL, SSOL & o 7o R L 2 i L 7= s V)
T UFRMEHE, BTLWETREEZAREICLTWD, —F, YU a2 MeHE, 2010 (RO BiardE 7
NARE LTI TOILTWS, £, YU asid, EFAUIMIE ., MEMS 07 #+ b= v 7 fEid O
BELTHLHWLNTWS, 260U a U MEtoORE & BEREDFMMIL, RO BIZIZ LR
RDEDTHDHI, KRN A X2 b & @mYRFMFENEE I TWRYy, 2T, kLY
U a U MEE MRS D BT 2 fer 9 2 E A HRE LT, B HMEIIC L o EMT & . B TRS
BRI & D BLASEESHE 2 A DB T, BHEOMEIZFHET 5, & SIS KK D3 A LB i %
o720, MEBRBEOEHZ5E S,

2. WFERE

Wrgextges . (1) Si/SiGe M, (2)Si F/ flfR., (3) KEGEMAH LA Si. & L. WE - MR
T, WEORE® 2 WITHHEZITV., B HHRFEER EBIC) . BT ~ > FTMAOBMEE (AR 728
ERADEFEHIRERERIE 21T > 72, BALKEM Cid, FibE FHMEE (TEM) (2 X > TERUE O S % 514l
LC, MEBEDSFBLT B JRIK &2 7~ 7=,

3. WFIERE
(1) % Si/SiGe 5 KIEFHAED A B =X A

XY VTRESCEYV Y aV@oREREZEZT-HEZHE L, EBICIZBITDI AT 4 v MELO R A0
TS Zifam LToe RMEFEED A T = AL LTI, TEMBIZRIZ L - T Si 7=\ /SiGe FUmIZI1T HEEAL
BEOIXLOEZHHR, ZORE—21E Si/SiGe FiED I A7 1 v MG & Bl O K E 2 RKFIZ e -
TW5 LDk E ST,
(2) SiJ /R

L—P =TT L —a W VLS lREIE T, 2872 Si T 7 i a kR S8 70, 7~ 0 tic L0k
FIREN Z T TEM BRI X VROV A X2 WE LTz, TROORRLIY, S/ MRICB T 74/ v
DO LA R E#ZE m LT,
(3) KB5EM A M Si

EBIC ¥EIC L 0 | Zhkdh Si ORIA O CTlE, /IMEMARIR (R 8% v U 7 OFFE AT L E L TR HIEL
TER+25Z L& RH L, TEM B0, AMEARIR N FRENLOERIRTH DL Z L2 HLMNI LT, &5
2. IMEFRIRA DR RERIZ DWW TEE LT,

4. FLHLAEBOMRE

7E Si/SiGe WEDMIEIL., I AT 4 v MBNLOFBED A=A LEZHLNI L, ZORBEHELZ#EE LT
Z LT Lie, Si /RTINS T, BIEL Y 0 B WEENCHFE 1T o T LEER
bD, WE - MOEMFTERARE TIE, SERL 18 FFEEIC CVD HiE A D BT, RIRROALE S KON N — & o JiliH %
Tl B A ERT 22 L2 TELTWD, A%IE, ix DF /7 HIFRIZIB W CHERBIIE & HERE 21T 9
Z e EEE LIV,

5. @t &F

MEFOVERNZH 1 L Cniziiniz, =28 AT U 2 (FESi/SiGeiE) 72 & NI JFEA F—L (4G LSi)
RSN LE

6. FHEim

Rk 18 4RIZ B S 5 [E B Workshop, EDS2006(Halle,Germany) (2354 C, “Electron-beam-induced
current study of dislocations at the interface of strained Si/SiosGeo2’35 LT, “ Small-angle grain
boundaries in multicrystalline silicon” D33 % 5HE L T\ 5,
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PTEHEEE  ma TR EMTERT ARl Bl AR

1 It

B AR Zn0 13, JFBIORBRIEZ 0 2 5 1T0 BIPEEORESL, B RN T PR H
ihEE 3 A FIR Lo @h SR T 7o L IO IRE B TR T8 L CTHifs
ENTWD, JRFEHEREE (ALD %) 1%, BT A 2R BICHHE 32 2 &IC X 0 4 J51-JE BT
THE ST W ERPBIETH Y | BREHIEECEROBE I ERL ., KERL L AS Th D, £z,
ALD JEIZ £ % Zn0 R— &2 ZHAR AL S, 731 A S EO#E L 72 248 1-HEIz B0
TN ZRET DN S D, ABFZETIEL, ALD HEIC K D Zn0 HFEER 7o 2 BLO, R
—E U TEMOMNLEZ B L T 5,

2 WFEERRR

KAEFET, AT AT NIERINZInOFERE D VEL 21T - 72, ZnORIEDJFEL & LT, IR A 1
&g (Y Fin) EH0EAV, FXY VT HATRT Y T LTREB A2 7ot 2F ¥ N
WICZRITEA LTz, B e LTI, 44 > F 07 2 8% v, JEBRIERE, FEHbR RS ol
/R T A — 52 B S/ 728 B —# O ZnOVE R 2 /EIL U 7, BUBHE ., IR T XHREHT I E
— MEHIE, A= HEIZ L - T, K, EXAREOFMAIT - 72,

3 HFFEEHR

HLOOHHE BB LR E A 7 VB EEE L, YoF AR RE2 2 bt 5 &, e
OEEME & HITHEESEM L7z, EHRIREIL 140CTH D, Z OB T, FUEMERE O _EFiH
B TN 1 T HA B TR AN RIS D, AU, EREOWEEEN TR
ELOFVIIEINDFEEIARRIZE D EFATE D, LI ERA NS5 & BEREL L
e I BT, Fo, ZORMET TIEHLOOMEIS EA IS THRREREM L 202
ED, ALDREICR A A CEILEBICL2B 206D, TNEREBTH LI ICHEE - v —
MEPLE BIZA A TFERETH—RENGEONT, 20 & EOREERZEIL, 1A 7 b7 b
~LSADMEHREZ T, Fio, HEOMBIEIL, BTN T X L REHERETH D,
WIZ, MR Zn0 B D FMOREERAFIE TIX, BARIRER 140°C~170°C DOFLPHN Th R
M—E L Ip 0T, ZOREFIHLANCIE, REREITKT T 55RO Z(bE =T, EiREM O
R DR T IE, Y= F b In FR O RN ETOBDIRNEE L TO D AREMN N H 5 2 L 3%y
Mol
4 FL®

AEFEIZ, ALDIEIZ LY 44 T H T AHM EA~TERIMNZnOEI DO R 1T o 72, & DOFER.
A4 T ETHIE, >— MEPLE HICH) R0 ENET SN, LnL, 0L &
OESLRIT 107 Qems & BIRMNZn0E LIRS CTH Y G F Y V7082 L) | 4%, Ikt
BRI mER 2L, Fai e B SEF 2 ER LT <,
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1. XL HIC

CayCo,04 1, CoOz NI L CoOs 7Y X AN ¢ Sl hMICHEILA TR AR L7=[Co04] B & FNHITHAT
72 CaJiF5 & TRREANEZE KR oEaBEL2AT 2. Toky, flxid c#iFRickiT 2EIERE
2 a-b W FFICHAT 10°3~10BER VW X 912, CaCo0, DREITED TRWEF 2T, Bald
75 v 7 AIEIT LY CaCo0, GG ZERIL, ZRENGH00CIIBITIHARTF (SPp™!, S:EBE—Xy
71R¥, o BEREHRR) ML, FORE, Calo0, Hid (c #ihm) TIX, ZRMELHT
BEREREIH—HAEL, VAR FEEZ T IEEHLMNT L.

AHFFE TiX Ca Co0s DEIREFEIRIZK T 2 BVYREREE, AL - HoRETH R LCORBEEFELZREL,
BERFEORETH 2B TIEREIEE 2T (Z: thiElEH (=S*p '« ™!, k@ BMREE), T: @xHRE),
BEO, HHBEHRZFHE L 7.

2. A5

Ca,Co,0, ZEFBERHRENL, H O UBHZERS, 950C, 24 h FERR - K& L7z~ v MK Cao,0, %
L LEERP L, 77 A~k EFiks (SPS: Spark Plasma Sintering) 2{& % A\ TYER L 72. Ca,yCo,05
BESABHILUTIORT 77 v 7 R L O ER L. B 20: 3.5 1 IZFEE L 72K K,CO,, CaCO,,
BXW, Co0, DREMEET NI FAYRIZAN, BRH, ZRND 920°CE T 100 Kh' OFE THIE
L, 48 h{R¥& L7=. D%, 577CET—100 Kh' OFETHRIEL, BEXFOERE2Y 7. EKFNT
FRE THHE, VYARONEHEKEL, SHERYELE.

3. e R

Ca,C0,0, Z &R BERE IR DA BB 1T 95%REE Th 7=, TG/DTA FIEN D, # 80CICEBBL >R
TR RA— 7 BRD O, REPNICETRD CA0 REDGFEL TS Z ERHEI N, BRIZBIT
HBREREITR 0.9Wm 'K (300K) Tho7o. BRIEHIE (83900 Qcmat 315K) &B—~ v 7 {Rr¥ (243
p VK" at 324 K) OEND, KBIZHBIT S ZT HEIZH 2X10° & RO H iz, CaCo0 BifES (c EiHm)
DEBEBSEHRIT 2.0 (300 K) ~0.013 Qcm (1000 K), ¥—~<v 742X 165 (at 300 K) ~169 pn VK'

(1000 K), BV=EEIZ 8 (300 K) ~3 Wn'K™' (1000 K) TH Y, ZT I 5.1X10° ~ 0.07 L EHEh
7.

Ca,Co,0s ZHEMBERE RBER M2 228Y, BX, Ar TAPTHRYELAELZEZ A, EiR~400C
MHEOBSRENRR, P—Ry 7REBPKRELSERL. HORFIZAr P I b EKPTELSRD I EBE
oniz. ¥x ) TEHEOEICOWVTIHA L TIZARWA, RIREAIC Ca0 721 T2 < Co0 (Co0 REH
WK), 720 L, CasCo,0, 72 & D#ERBMNIEET D L Ebh, FHR (BHELNIE) 2 CaCo0, ismtH, Bt
EHICEBERIFLTWAEEZONS. TIMR LI L ARRATHORENLELEZLND.

4. F & D

Ca;Co0; Hifsdh, BI W, ZRERFERAEORBRIFELREL, EE~1000K OIS 5 BERH
PEML-. BREKEFEX-BEBRENS, BR~400COHATHES KX BT S &0 5 BMdyi
BHEMPRH SN, HBMRICOWTRELZIFABLILETHLHLOD, ZOBRIX, tk, AERFEOKK
No-REFEROMER LICBREIbDEEZLND.

5. XX () @X
"Influences of Bi and Cu Substitutions on the Power Factor of Ca,Co,0;°, Kouta Iwasaki,
Hisanori Yamane, Junichi Takahashi, Shunichi Kubota, Takanori Nagasaki, Yuji Arita,
Yoshimasa Nishi, Tsuneo Matsui and Masahiko Shimada, J. Phys. Chem. Solids., vol. 66 (2005)
pp. 303-307.
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1. ZCHIZ

L HOCHEZ B R b, SR B BRI 2 D WTREMED B 0 | Hr7z 7k
EYDORBNEENTND, RIFETIE, Y—Ca—Ge—ORICBITHDHHULEDDRFE 21T o7, =D
fE g, CaYaGesO12 & CaY2GesOw, Cai2Y28Ge:Qo B LA N S /-7, HifEeh 2 v TXfR
BEMATZITo L & blZ, ZORTHEKT HMEEBEOMEREZHL N L, £72, FHEALED
CaY2Ges012 & CaYaGesO10D A H3HY A s ZEu, Thb CEHL L IALEWD AR EZRAA, F ORE 231 L
7o

2. HF7E#RR

Y203, GeO2, CaCOsD¥yKRZ HFEEFEE L THW
oo TS EHEL RT/VIICHERE L, BEESHA TR
RELTZ, ZOREHMEREZLy MRIZERIE L, A4
W ECTESRIEEHWTZERHF TN L 72, CaYeGesO12 y
& CaY2GesOro D HfE i i3 12 CaY:Ge=1:2:8 %D Caceo
HFRJEEE 2 1573K, 20hNE L T b v 7= 3kh)s & B i
D H X 1 72, CaiaYasGexOos @ HLfE S 1L

CaY Ge,O

275

Y,Ge,0,
3 Ca,,Y,,Ge,0,,

Ca:Y:Ge=6:16:11 kD 785k 2 2073K, 0.5hD 5 Ca0 s
TEFCHER L CHEORREHCE EN Tz, b T e, .
DHAESZ AV T, B mXREITE & =R —5

WX (EDX) 12 L 0 . 655 O HESARAT & MLk Fig.1 1478K T/ L72Ca0— Y205~ GeOsR{L A
I EAT o, EI AR N CYD g EIREAnomg

K OThEHLEER DN - AT "V ERE LT,
3. ﬁ%ﬁk% GeO4 MU A
Fig.1 (Z2Ca0—Y203—GeOs2:% THRLT 5 fitiinAH O FHEI
BT, XEMEEMRIT OFE R, CaYaGesOwnlX IE 7 iR D22
IR P4/ nbm T, CeMn2GesO125°SrNasP4O12 & [ A E T
bHZERRALNTR T, WEA LK FERIZa =
9.9951(3), ¢=5.06792)A, Z=2 ThH-o7-, A FEAR
ZER LI AEERITYY05Ca05)2Ges01e TEEN S, GeOq
IFTEARER 245 L CGeOnUBRZEMR L T 5D,
(Fig.2)

CaYoGesOwoD EftfhiL, A BZHOBIRER ThH o712,
Z OFEMIE, BEANLR TEMBHI P e, B E8ita=6.9060(8). b=6.8329(8). ¢=18.752(2) A, B=
109.14(3)° . Z=4 Th 7=, GelI T XN TMEHFIZLV 4B SN TEY ., 3 25DGeO M A I FEH
ZHH L TGesOwkk A B LT\ 5,

Cai12Y2.8Ge200.4l, £ 5 R CLEMBEN Pnma, ¥ E4ita=10.490(3), b=3.743(2). c=10.69(2)
ATHo72, GeBLVGe fEATHO0RFDIRTFH A FERFHMICEFT LAY v NET VTN Z
1To7, FEgh ., < DGeOMUHE IRITERE 2 8 L TGe07: 2 TERL L TV 5 28, JATAIIZ N L 72 GeOy
WEHAEANRGFEL TV G LD, oM EEaEE s LT 7r— FDCazYaSi20e¥ s ST
Do

HOCEMEZ A L2 & 2 A, Ca(Y1xEun2Ge 012 Tit, 238nmdD i Y Tx=0.16 ® & X |(ZEus* 02 bR
4 615nm D IR OISR N KIZ 72 > T2,

YOs IEM A SAE:

(Yo5Ca05)06 \HifA

Fig.2 CaY2GesO1o D atiE

4. F L 0

HLF— TN T LT~ =T A—FEED 4 TTRICEB W TERT DB % i~ Bl E 2DV C
Z DAL & FEBE A DM L, MBI RS E BT & L bIT, D O3 - s RHE % T
fili L7z,

5.  F&R (R #WmX
"Synthesis and crystal structures of CaY2GesO10 and CaY2GesO12", H. Yamanea, R. Tanimura,
T.Yamada, J. Takahashi, T. Kajiwara, M. Shimada J. Solid State Chem. 179 (2006) 289-295.
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Synthesis of Thermoelectric Transition-Metal Oxide
Kouta Iwasaki, Takashi Goto™ and Teiichi Kimura™
Department of Materials, Physics and Energy Engineering, Graduate School of Engineering,
Nagoya University, Nagoya 464-8603
¥ Institute for Materials Research, Tohoku University, Sendai 980-8577

Key Words: Thermoelectric, Oxide, Single Crystal, SryCoz0;5, Co—O chain,

Abstract: Rod-like single crystals of SryCos0,, 5 were grown by the flux method, and the electrical
conductivity (o), Seebeck coefficient (S) and power factor (%) were investigated in 300-900 K in
air to explore the potential as thermoelectric materials. The electrical conductivity of the
Sr¢Cos0,, , single crystal showed semiconducting behavior (260-9600 Sm™ in 300-900 K). The Seebeck
coefficient was positive, and decreased with increasing temperature (280-140 puVK™ in 300-900 K).
The power factor increased with increasing temperature (0.20x107*-1.9x10™* Wm K2 in 300-900 K), which
was larger than that of other compounds in (4,C0,0;),(A4%C050,) , series.

1. IL®IC

CoO, J\ R 2N FE A TR L 72 Co—0 = M ¥& - % A 3 % Na,00,<°
CayCo,0,72 & DAL Im WENVEREZ R T 2 &b TS, =
NoHOILEMTB T HEWVEEFERL B —Xy 7 REDOHBLCo-0=
ARETIZEER L TE Y | Co-O DFE G DNENVE R I KT T IR
NEF-TND,

(4,C0,0¢) ,(4°5C050,) , [4, A’:Ca, Sr, BalidCa,Co,04f# & & 2H-BaCoO,
IE L PO SN D RER T AMEAEWMTH Y | Cols/\IHIfA & Co0y —
1470 R LIS TR L 72Co-0— ke E A+ 5, 2D ) —X
WZFBW T o/ bl K0 CoOg\ A & Co0y — £ 7 ) X L DFLFIEERS
Cof A v DFE Az HlHT 5 Z ENARETH 5, AW TIE,
(4,€0,05) ,(A°5C0405) ;> U — ZXD—>Tdh 5Srio0,; (=1, n=1, 2
e m2 [1]) (Fig. 1) OSSR, KUOEHEEAEZEK L, £0E
BE(o), BE—_v 73509, HOHKETF (o) 27l L 7=

b

Fig. 1. Crystal structure of SreCos015.

2. EBRGIE
HIEROBRIZT 7 v 7 AIEIC L 0 To 72, K0, SrCl,2 7 T v
7 AL LTHY, ZHZC0,0,&SrC0, 2 Mz, 7V 2 FHHE % KEE
PR L7, REHIZHT 1243 KT 1HRIMNEVE . 0.3 K/hD@E T
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Fig. 3. Electrical conductivity for SreCos014.3
single crystal along the Co-O chains (c-axis)
(black circle) and polycrystalline SreCo3015
(white circle).
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Fig. 4. Seebeck coefficient for SreCos5014.3
single crystal along the Co-O chains (c-axis)
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Geometrical Spin Frustration Behavior in f Electronic Compounds
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Dexin Li, Yoshinobu Shiokawa, Tomoo Yamamura and Dai Aoki
Institute for Materials Research, Tohoku University

(1) Introduction

_Ternary cerium intermetallic CePdAl crystallizing in the hexagonal ZrNiAl-type with space group
P62m is a typical geometrically frustrated magnetic system. Strong anisotropy and frustration of the
magnetic interactions are expected for this compound due to the distinct layered character and the
triangular coordination symmetry of Ce atoms on its lattice. Indeed, CePdAl has been experimentally
investigated using different techniques and unusual magnetic properties were found. The temperature
dependences of electrical resistivity and specific heat show an antiferromagnetic (AF) order below 7T)=2.7
K with heavy-fermion behavior. The existence of strong magnetic anisotropy with easy c-axis has been
confirmed by susceptibility study. Moreover, neutron diffraction measurements suggest that the AF
structure in CePdAl is incommensurate; one third frustrated Ce moments coexist with two third
magnetically ordered moments below Ty. We are interested in metastable magnetic behavior in such a
geometrically frustrated system. Here, we report the results of ac susceptibility y,.(7), field-cooled (FC)
and zero-field-cooled (ZFC) dc magnetization M(7) and magnetic relaxation M(f) measurements on a
polycrystalline CePdAl sample.

(2) Experimental

The sample was prepared by arc melting stoichiometric amounts of the constituent elements under
purified argon atmosphere. X-ray diffraction measurements showed only a single phase with hexagonal
ZrNiAl-type structure for the as-cast sample, while several additional lines attributable to impurity phase
were observed for the sample annealed at 750 °C for 10 days. Thus the as-cast samples of CePdAl were
used in this work. Magnetic properties were measured using a SQUID magnetometer,

(3) Results

The temperature dependencies of FC and ZFC dc magnetization of CePdAl were measured in various
magnetic fields. The low-temperature data in a field of H=0.01 T is shown in Fig. 1 plotted as M(T)/H vs. T.
The ZFC curve exhibits an evident peak at 7,,=2.4 K. This peak signifies the occurrence of AF ordering in
the sample though the 7, value is slightly smaller than the Néel temperature defined as the peak point in
specific heat curve. Below T,,, magnetic irreversibility manifesting as a bifurcation between the FC and
ZFC curves is observed suggesting the metastable character of the magnetically ordered state, which is
further confirmed by the magnetic relaxation measurement. To measure M(f), the sample was first cooled
in zero-field from 50 K (far above T,,) to 1.8 K, then a magnetic field of 0.1 T was applied for 5 min and
switched off at r=0. As illustrated in Fig.2, the decay of M(¥) is remarkably slow. After waiting for one hour,
M(¢) drops from the initial zero-field value by about 50%. Frustrated magnetic moments may be related to

T
33| . 1.0 o -
CePdAl 2!
(o]
~ | EC 09 8 .
c) H=0.01T . 2 CePdAl
3 _
E32f - Sosl § T=1.8 K |
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Fig. 1 Comparison of the low-temperature FC Fig. 2 Magnetic relaxation behavior plotted as
(open symbols) and ZFC (filled symbols) M(f)/M(0) vs. t, measured at 1.8 K for
susceptibilities (M/H) for CePdAl measured CoPdAl

in A=0.01T.
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the irreversible magnetism and the long-time magnetic

relaxation effect. Note that metastable magnetic behavior has 330F o 1000 HA
also been observed in some other long-range AF ordered CePdal —0— 100 Hz
—~ 325 —A—10Hz A
systems. = —v—1Hz
In order to explore the possible spin-glass effect, ac 5 3201 “O01Hz
susceptibility measurement on the CePdAl sample was also Tg 315 - T, 1
performed at frequency range 0.1 Hz <o2z< 1000 Hz. As sl _
. . . =
shown in 'Flg. 3,.tl'16 in-phase componenjc 7. (T,w) of the ac 305 L ]
susceptibility exhibits a pronounced maximum at 7,, which 100 . . .

shifts to high temperature with increasing the frequency like that 20 25 3.0 35
usually observed for a spin glass. It is well known that the initial ' T®)

frequency shift of the peak position in ' (7,0) calculated as felfi iomzzr:éftragrzcdzﬁgggggieh(;yf tf}(l)er
OT,=AT,/(T,Alogw) is usually used to distinguish a spin glass CePdAl at different frequencies.

from a spin-glass-like material [5]. In the present case,
07,=0.012 is estimated for the CePdAl sample comparable to
the typical values (from a few thousandths to a few hundredths)
for most spin glasses [5]. Assuming the characteristic frequency
ap/2m =10" Hz as typically taken in the spin glass systems [6],
our experimental data for CePdAl could also be fitted well using
the empirical Vogel-Fulcher law, w = @, exp[-E, / k,(T, - T,)] , with
two fitting parameters: Vogel-Fulcher temperature 7 =2.1 K and
activation energy E, =4.5 k3T, (solid line in Fig. 4). Clearly, the

CePdAl sample shows the “spin-glass” ac susceptibility 3.0 35 40 45
100/1n(10'3/e)

T, (K)

behavior.

However, since one of the necessary conditions, random Fig. 4 The frequency dependencies of
truct for the formation of spin ¢l tate is im ible in an the peak temperature 7, plotted as T, vs.
structure, for the formation of spin glass state is impossible in a 100/n(10'*/a).

ideal hexagonal ZrNiAl-type compound, and a long-range AF

ordering near 7, has been confirmed by neutron diffraction and both electrical and specific heat
measurements, the observed frequency dependent ac susceptibility behavior for CePdAl cannot, at least at
present, be ascribed to spin glass effect.

(4) Conclusion

In conclusion, geometrically frustrated compound CePdAl is confirmed to show metastable magnetic
properties at low temperatures mainly manifesting as the irreversible magnetism, long-time magnetic
relaxation effect and frequency dependent ac susceptibility behavior. Whether some type of randomness
exists in the CePdAl sample and whether the frustrated spins can be frozen in the AF ordered state at low
temperature are interesting questions and call for further studies.
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1. X8I

T, ~A 7 vz FH LIRS 7 2 ZAOED, AEA . BEAK, 79Iy 77 rky s
v, RS BB B CAGRIC R SR -, NEDINECSGEINEN, JPINEE W o 72 B O
BHIR TG L, BUSHEE « ICROZE LA ERONAR « (LEIRIE R OMELE, SRR isHs « S alis 2 1K1
WZEB I O0H D5, 2D ORBITER - 3 VX —Z B OEE T 0 v ADFRELIMETT5 L &b
I, A 7 B BER P COIETMNIGE L TORBIL, 7/ « A Y A7 — /L TOIEFHHLRE -
AT HEH BB S/ %, R TIE, ~A 7 2 ERFHC X 23S T TOF 7 - A Y
A — AEERZ IR L, R, B, SEERIE S - BEREREL A D .

2. s S

HREWEIZIETION SnO Ky RE Ve, R—s30 hE LTEC 2 EATS & L i, MAoBEOHIE % B
BN FED T4 OIRMbRAAR Tz, ~A 7 v ERFICIE, & LB T 3EWR) W O B R N EVE RS 15 &

(FMS-10-28) ZfEH L7, FREWR UL 28 GHz, AKX 10 kW TH S, TiO,-SnO% Tldk, ¥ A 7
2 IS L0 ST EE S EIT L, & DS OREECIZ(h k ): 1+ 0 ORIFTHRRIZ S ED B S vz,
ZHUTAE ) —F NG RICEB W THA R B TH Y | I F A RER AT IR LT\ D 2 & AR
LCW5, TEMEIE)5HIFFig ] 1R T X 97228 20 nomDOEFREA 2 H o A 2 a vy 7 IR 2 8L
-,

3. TR R
RKRIZAY ) —F NG L D HDBEEZ R TR TH DN, ~ A 7 2 BHN T CIEARERIC T 5
FAY BEREIR I U T b AR CHEVA IR SRR Sz, 20 X 9 7 PHRIREER 2> & O, ~A 7 1
B RRS N COBPUNBILGILR L, v A 7 2RI OFERVSn 7 23, WA D G5O TIOHRL -2\ hy> T—
FHYERT D RIGA = AL E D b0 EEZBND, REFEMA T4 ThDHAB+ORIMIZL - T
FAOy BT S B 0 RREE DR R O~ A 7 m RN K o TR
VAR JHBEIERNFRECH D I EMA LN oTi, AV R
gty 7 HBRIERIE, 2.45 GHz, 28 GHzD ¥ H & D JE AR L
THIKATRE T H o 7o, 885 — AP SIS A~ NV D TS e
N6 MATBEOZETRERR O R E I BUELOWIN AT [ L3
BN LT D ENAHENTZ, Z0Z b, FHtHHEA 4D
WINZ XD HFHEDORBLORHRE LT AV 223y 7 MK
DEIEN RSN,

Pl ~

4. F & O
LLEX Y ~A 7 o RS K D Ti0-Sn0% A Y A2 'y 7 i 100 nm

EOTER RS S v, A HEIERE CIIRL bR bz, A

J = ZARST B B T, AR RO BRI C OIREAB SIS Fig. 1 TEM image of TiO»-SnO,

R<BEET &0 v A 7 n RS T TORFINBHZIZ LS composite obtained by microwave

PR T OB IR ENR B DO EHL NG L 72> TV D L b D, irradiation.
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1. 1ZCHIZ

INETICH L ORI V—T13, EBMEIOEEREZEBIEDZ L2 NS LS ILESRBOER %
ToTxT-. FOPT, EBFFZ L2 BT A2 LI VB LRAZEOBMERERTZLEZALMNZLT
W5, FORBOKILRITF 30%RETHY, ZOV A X100 270 ThHHI b, RTHH~DE
HIMEOERB L OEORENIFHTE S, 202 end, EHEF I AT MIBEOBEEK L
STHEBFTHEETHILOLEEZLND.

FO—FT, BILELB~BHEEISBREA LIZHA IS TUEM B OB RHE TR (b T 5 & #EH
EN5. TAERTHST-BEFTCEBMENEAT I, FHOEERCHEOBLATERINS. Ll
RS, BILEROBRRLZALOEBENLZOEEZREL D Z LIIRETHY, ThbORMELE ER
RUNZER ST HNENH D,

F 2 TAMFETIE, SILESBIUBIEAERES BT THERZEASE, ZOBEEHORMEL (R
MR, ) AFEBRANCHOMNCT S, KEREEIL, BEMEIBRA LSS OZILESEBORME
b2 FRT2Z & 2ARMEOERIE T D.

2. WrFEH

75 A~ [al#ZEEE(Plasma Rotating Electrode Process, PREP)IZ L W {Efl & 7z fliF % o D v — X% HRIFE}
Ll ZOE—R% 210, OF = —7ICE AL, BZE (Ix10° PaLLT) IS TEMEFREZ1T o7, FifER
EEIZ1573K & L7 BoN-LIEF ¥ VEEEOTILREZ RN OB BRI > TEH L. L
B IEF ¥ %, BENTFRY =F L (UHMWPEYS RFICHEA L, BEERICTINETSZ LIZL VLI
BT 4. & UHMWPE & OBALEITo7-. BIEF ¥ RS L OEAM oML, £ERETH
W (SEM) ZAVWTIT-72. ZAEGRR L OEAM ORI IRFEEHIC XV B L. MESMII3
SHTRBRIC I VB L. BBRAOKRE S13¢3x40mm & L7,

3. WFSERER

SALER 40 %DLFEF Z Kt LT, FORILTIZ 2.6 %DFHERIZ TEBES TR =F L rOEEL
MWHERETH o7z, ZOEAMDY L FRiIHKI 13 GPa TH Y, FHEF ¥ (11 GPa) L~ 12FIC LR
AP H T2, 3 mpTIC K BIEERBR CIIMRIE 173 32 MPa 5 42 MPa ~, BRITHREEDS 47 MPa 75
64 MPa ~Z{t L, MiF &b 135 ER L. ZHUIEALIC L > TEAEF ¥ 25 UHMWPE 12 & - THl
MEN, FEZUE—RBERMTHIR Yy 7HEAOIEABEMENTZZ L EZR LTS, ZD X DI, #HiE
B2 GPa THD UHMWPE #EILEF ¥ v LA LI5S, BEM OBBASHIT LRI 25 Z L 258
BNNTRoT. ZOZEND, SIET X VICHEMBEOEA LIGEEITIE, ZTORERN 20GPa LBE S
TWBZEND, LD RERHEBORHED ERANEZ D Z RS,

4. fEa
(WERILEEETHELET# 0, BESFERY =F L (ULHMWPE) 2BV EIEECHAL L%
EF 4 /UHMWPE #&# OFERUZ R Th L7z

QEBEEM DOBMMIERIZZILE T ¥ v LT, MOV IR ERLL.

BWEELIZ L Y Ry 7 I~ NERERI S, SRERMESR L LT

5. F0Ofth

(AEA%E)

(1) BgmE, BrEY, BRER JIME TESS, EEES EREn, SRS ET 2 EaES
FRY =F L UEEMEIOERY, BASBFE2005F KR, 2005.9.29 (JAEBKRSF)

QFHEZ, BHEHE, AMEEA, BHERIL, BRERE JIIANE, TEREZ, ERER, EBER
“HARRRBE S TIEL SILE T ¥ VB AV OBBRIRHEE", AASEFS 2006 F£HEFRS, 2006.3.23
(BB HEKRF)
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FIRIARYE M W B M RIbK-& B 8 O O M

1. FIU®C (12»55FET10RSAB)

HA 2 EETH T ATEREMNEM B E LT, BT A Z~OIEHAMEBLE LTE L OFER R EN
TWb, Si-Te ZnHkit, HBHEKTH S 15at.%Si 7> 5 30at.%Si OHMREEFATH 7 A T5Z LHBHH
NTWAD, 2T CHEERITIZ LY. SiisTess /T A Tid SiTes @ﬁ{d&%iﬂ&:ﬁ‘igzﬁn: v & LTHFEET
AT LEELMILTEE, FHEERFIC T L E— 2 BEET D2 Ehh ., NIRRT REE OEEINT
WA, (SiTewr) n Xy N — 27 BPHEL RO IO 22 B X BN 5, SiTe RIIHTF AT HHD
@ DSC i3t e R L, REERN T AEEE O, AL TIE Si-Te RICEZ0REFTMTH I &
T, SiTew BEDOLENMZIINY . TMEBOMKEEZX D Z LT, BMINSRE L BETE L OFEOME
2 X B H T AR oIS R BN E~DEBE . Si-Te-Metal =t %7 7 2Dtk L JR-FHEE & DR
BREBAOLICTEZEEENETD,

2. WFZERE

SiisTesscMc (M=Ag,In, ¢=0, 3,5,7) =R 7 ENLT 7 ARBOIEREA =N - T5A T 4 7
(MO : & kB ABECIERER ST, MEGN DS, Te & AgH5WVT In 2 ZNFNOFTHMRIZRD
EHICREL, AHESTENVCEZES A LZARAEREESIF T00CIC 24 BERFF L. 2%, BARSG
HT, @ERRBE, £72, REZENLIZKK J—5C) TRFLTH 7 ARBEER Lz, ZO/RR,
BEAEETII TR TOEBRRBN T 2L L T2 &% X TR L., e UTER L723BHT.
Ag 3 % DB RV THRERE L Tz, Agb%DOREHNIF RO~ BH D bDDONRVEZH AT AL
LTWe, ZhoDfEREEZ MG BT A0, LS THIRL THERRIZLTWVW2EBRET, Ag B
B In @5 %HEORELUN TIIAESHBHIMHOBR THAER a—T 4 7SN DIFEOEEMSZ L
72o 2D 5%Ag, In DML OREL D MG 13T Doz, BEIETER LEZRBHITATH T R
{LL TN T, REEEHRERTE (DSC) TV I AGHIRE (Tg)., MBLEE (TC). MMIEE (Tm)
BRI, 7o, FEHEA 10, 15, 20, 25 & 30 C/min O#EE TRIEZITV., EH TR X —%K
O,

3.  HrEEE
MG B LA TENT 7 AMLBROBEIT. HEEMR—AL INVERWTIT- 72, BER#EE% 300rpm T
&5 50 BRI E TO I U U Z BT 10 BERE 2 & IO R E XRETCT BT 7 AR E B LT,
SiisTesoAgs EBHIERBE TR W OO AT 7 AMELTWER, SV U/ TAZ IV RBE—7BY
¥ =TI RO TWEESRIOI Y VIEETIEA—N—I Y T ERRol, TEANT 7 AMETDHIDHITIT L
NN —TIY 7 THMERS D EBbhs, Zhicxt LT, SusTesolns 3K Tid. 300rpm TO
YT TE—=IRES T u— RiZRB2L00 50 B ETO I oV TIEHEEREIIR N7,
ZORBTIHXIVEERNL VRO AU —TOI Y IBMELEZOND . Te 2 5%AgHHWEIn T
BRLERBOIV T ARERDPRVEL-TEY, Ag & Te, In & Te OFEGOMHEOENE K
ML THEY, 2Tk B SiisTess DEFHEE~D Ag & In DEBOBEVERML TS EELXLND, B
. TELNT 7 ZMED T2 DEME I o T ONRT—REZTRHRITNEHEZATH D,
BARRBETHER LERBHZ W T X REFTHIE T, Ag OBREEZTR B TE, H1v—7
DEFE 22— 2T BMELOMBEENE RD L 5% THRAXEZRTOIZX LT, In TiX In REOHEMIZ
HWKELS RBEER L, TOZEEGBRA L EORBRKEBOBVWEEFKRTIISCELDNDS, B
1ODSCHDARY M ERD L Ag Tid, 3%MBEOMBE TIZIE —2 B 2 DTN 55, D
I I >N TEDOREZEITNELRY, T%TIEOEDITR>TWD, ZHuE Ag REDHEIMZ LY
K OEE R T ARRBIZR > TWVWDHZEERLTWS, Zhucxt L, In T 3% MM TRALN O LSO
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1  SiisTesscAge & SiisTess-clnc (¢=3,5,7) 7 DSC HifR

— 7 THDHOILT %M TIIE— 27 BOMT AEMERLTWA, £, VT AEBIRE LA {EED
BT a— RAE—2Z ™ FEL, BAHRETCHLAOEEELAH DL LERL TV, IORERR
MG BRE ORI AEVERMICBEIL TV 5, o, Ag AT In CRFERBMREICE, BELZE
HOBENERKMLTWD LB,

DSC B & H T AEBIRE L 7 T AEREKg=(Te-ToTm-To) Z RO7-FBRER 1LIR LI, T A
ERIEET Ag & In OEEOEME L HICEWVIESICBEI Lz, —F. ¥7 AUMREIT Ag® InRED
Bme &bt L, RAiEoREROBEBLER T LELLND,

# 1 SiwsTess-cMc D H T AEBIRE & T AR

Tg(K) Kg TgK) Kg
SiisTes2Ags 395.3 1.32 SiisTes2Ins 395.2 1.26
SiisTesoAgs 403.0 1.18 SiisTesolns 426.7 0.97
SiisTersAgr 406.1 1.08 SiisTersing 435.4 0.88

4. ¥ & O

SiisTesscMc M = Ag, In, ¢ =38, 5, 7) ZTRICONT, ERMIEICL Y F AR ER L, X#RE
e TEEERRNELZ T o7, TNOHOAREDH T AFRAEL 0.8—1.35 DHICH Y, 27RY KE72ME
PEL. BT T AMETERTHD I EBEBLNT, GesTesscAge V7 AR b D H T AFRAED 5
at.%Ag THRAEZHORDIBE IR LNV, 7 AL Ge-Te-Metal RiZH LT, Si-Te-Metal
ZDHBRKEVRERENBONT, 5%, X0 FHRBERT 2TV, RNeBTRELOFRFHEERSHKG
OHE & HEREMREIC >V TRETT 5,

— 129 —



AR (PERR Q)

BJE T T AT LG B DWARD B it I ARSI F6 1 2 R HE Oefe il iE 14 D BA %8

LR RSO FPRSE e LA gemt (il ik Atl B (BeB). 3RA R
FACRFEBAEIERT BULERE. ARAGE, JF EBIA
ROMCOF #Abx  wEIfEAT
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ZHHAEOBGFEIEARRE TORMEOIREERFEMICET A IEfER T — 2B 0NELE SN TW5S, LA
Do, Zr BT T A 5413 Tg LLEDOIRE TOMALOFBENRKE < | 1EROIRENE SR RIHAVES O HLigHY
FEWRIER 2 Z 2R EREEOBRMIIRETH 5, FEOHIL, ZNETIZ, Te U Eo@REFRARKIC
B TE L ORI T A 720, INEGEE % 20 K/min 7205 &5 400 K/min £ TEidfb L, BB~ —5E
WEFMFETO~YA 7 aE OB ARSI ZREEICHHT S 2 & T, @aENRE I 28 OIR KT
MR CHBITE2MEFEEZRBE L TCEx 7, AFZETIE, ZoEAXKEREEE VT,
Zr55CusoAl1oNis 48 4 7 A OB HIRAR OREEDIRFERAFANE & . DSCHIE & DARBIEIZ W TR L 7=,

2.  HFZERGE

BJRH T ADEEKEEE AT 5 ZrssCusoAlioNis 254 % VT, B ~O—EMESRMFTO~A 7 v)ET
O LIAAIRS ZFEEICEHAI L, AT AEBIRELL oG ERASKE LR & OB ERF L T 7,
WEAERE £ TOMIEICRB W T, AT AWBEEL FICB W TIFEHEIC X DL OREENRZE LS, 200
K/min PL_EOEFMBGA: T CIEMIb OB ZRETE D L Z2R LI, L LARL, 20X ) s
INEAGAE T2 BT B 3EHEE OBREAIZ DWW THRFET 2 L ENH 5, AFEEIL, DSCHIEZ., FERIC &
TNEAGAE R C30E L, IBmENRIEN SR LB E COREZRIET 2 Z L2k v, RBHEE 2 MFEd
B el b, M bzE) &R L & OFBIME A RET LT,

3.  WFgEERE

Fig. 11T ZrgCusAl  Nig B 7 A A48 O ¢ FR AR FE SIS 3517 2 FEEE DR EE(RAFPE & D S CHllE
FERAZRT, 2Tl INEGEEE A 20 K/min 2> 55 400 K/min ¥ CO®PE AL S CHIE LT, N
HWEOHEME & HIio, BIEREIZET L, M BEENSIEEMA~D Y7 325 2 LI X kERIE A
ITIER L7, DSCHIERSES: & 44 & IERED LR 2 e bic, —B, BERMEEZ R L, 0%,
RO EHDBME L7eRICHERED B L TR Y, s bBRGLIATC, RERKED EANBIEIND Z
EMMBABNE 2572, Fig. 212400 K/min THEAL7- & & OJEF B AZEE) & kG L2882 Ll U755
g, Tg LEOK 40°CHHENGIEIZIRED LR & & HITMEENICE AREZRE L, HEMITT
DM, 505. TCHBLRED FRAMEERIND L H127ed, £z, 534.5CHLETOENIEL LIED, =
DIRFEIEL DSC HIEN B RO - fEdnbLBIGIRE & B < —E L TWe, T ORERNG . MNEGEEED 400°C
/min OEFEMBSAETIZE W T, K & DSC RO L E MR —&H L TRV, REHEEIZR B L
TWD LB &N b, Fig. 312 Tg (F T AEHIEEE  ¥EEEEE, DSC) , Txo CREEE I S-BRIGIRE CREEEED), Tx1 GRS
ae U B ARIEEE SREFEERE, DSC) B8 K TN, ATxo=(Tx0-Tg), ATx1=(Tx1-Tg), % tbf L Crr L7, INEAGEEEE )34
4B EEHIT, ATxUIIRESHEMLUZM, ATxo DEEINIFEFIT/NE S W ERl¥bnd,

4. F & ®

EREDOWIZEIZISN T, @G T CORE R EEINFITMENL L. Zr FEOTENER G @R ORGEERIE A3
FREIC 22 o7z, A TR 1@ AR IR BEIR C O IGFRNZEE), BOINCE OREEEIC B IE 3085 & R ARG
L., BN BMEE AT 5880 7 AORE LT ERGM & T 5,
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1. T. Yamasaki, S. Maeda, Y. Yokoyama, D. Okai, T. Fukami, H. M. Kimura and A. Inoue’ Journal of Intermetallics,
(2006) in press.

2. T. Yamasaki, S. Maeda, Y. Yokoyama, D. Okai, T. Fukami, H. M. Kimura and A. Inoue; Viscosity Measurements
of ZrssCujgAl oNis and PdyyCusoNi; (P, Supercooled Liquid Alloys by using a Penetration Viscometer, Mater.
Trans. Vol. 46 (2005), 2746-2750.

3. Y. Yokoyama, Y. Akeno, T. Yamasaki, P. K. Lian, R. A. Buchanan, A. Inoue; Evolution of Mechanical Properties
of Cast Zr50Cu40Al110 Glassy Alloys by Structural Relaxation, Mater. Trans. Vol. 46 (2005), 2755-2761.

4. T. Yamasaki, H. Ushio, D. Okai, T. Fukami, H. M. Kimura, K. Sasamori and A. Inoue, Viscosity of Some Fe-Ni
Based Liquid Alloys and Their Rapid Solidification,

J. Metastable & Nanocrystalline Materials, 24-25 (2005), 267-274.
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Figure 1 Viscosity-temperature relationships and DSC measurements of the
£r55Cu3pA10Nis bulk metallic glasses at various heating rates between 207 /muin and
400°C /min
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Figure2 Displacement behaviors of the indenfation probe of the viscometer and their
corresponding viscosity of the ZrssCuzpAlioNis bulk metallic glasses at a heating rate of
4007 /min.
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Figure3 Glass transition temperature (Tg), starting temperature of crystallization (Tx1),
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and AT=0= (Tx0-Tg). of the Zrs;CuspAlNis bulk metallic glasses as a function of heating
rates between 20 and 400°C /min
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1. XL

LRSS AN BLERE DRI DZ - L TERTXIBREEMEERBT T A3, BRELBEERM O
AREMEN B B, BREMESBRY T AERAEL LTIE. (1) &2BF 7 AMEROSBERR T, 2BV X
~DOBEEEROEA, (2) BUHEIZLAEBT T A~DOBGCHEHEOEARENEZLND, £, &8
5 ADOEMIE, ¥ RAEBERE (Tg) LE»LMERMRE (Tx) UUTORERETOEGAEAIREIC
BWC, BEMTHSRETAZLNETOND, ZOBEAHKEREFRROBEREZARAT I &
T, &BY T RIHLBHES IR LN TRETH 5, @R AEEESRIEE CRABICL2ERBT 7 ADE
GE(L, L CBEMEREEZAA L-EEN T 2EAEDLED Z LT, BEESRB T 7 AT —BULE
FutATHERATETHY, BMETROBMAL & BiEo 2 b O ThAOBRY LA 2B TH
s

2. BB

AFFZRTIY, @AENKAEBRIRE CHMLIIZ L 5 ZrssAloCusoNis 73V 7 B AT T 2 DiBinE L &
THITV., FOBBNEME A3 L Lz, Ar REKST T7 — 7 3R L-BAEH)» b RSEHNHEEE
% FAVNT ZrssAhoCusoNis B Y 5 2 2ER LT, &BAH 7 A DBEE & EMM T 7 2k 2Tk, btz
BAHEARRE O#FEN (415~420°C) T 20~40min 7 L7 =—N (&BAH 7 A PITBREHOEN)
P, EETRE LTCaERBRER L AT 5X10%~1X10%s CREIOEMM T2 RAT, REto
WEORHE S vy b — AEER (FFHE 1Kg. 15sec ) 12 & W i~z REIOEBKIEHRIE /XM ST
EERWE, (72, USTFiEEZ AV BKIESTRIE N 2K~300K OB EFHE TIT - 72,

3. WrERE
X 112 ZrssAloCusoNis B Y 5 A DTS L7 =—)b & MM T# OB %2779, As-cast 3B & IEMENT
LERBIZHET R L, P2RBOBOERTIENbIroT, ZZTOMWEIRABIZS 2RI DDV =
NF =S ERN-ERE L CHEEiZT o7, 2. REO. QIXEEM I Iz Uil Lz, KERTII,
ETORBN S LT =— N ETHEBN T AOBMEEL K> = Liad | BSERBIZAE LIEEmT
NTE, H 21T ZrssAlioCusoNis D7 L7 =— b & FEMEN TH ORED X BREWT ¥ — &~ 7, As-cast
RKEERED., @ X BEHTNF — o 2 BT 5 L, RBO, @z TidfdRkic X 2B e — 7 25
TR ENTERDoTE, —F., REOIZ., L7 =— N TRREPEATHNEZ ERbhoTe, £
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RTZ ERbhrotz,
F1LIZABOYE v —AFEX Hv

As-cast A%} %210 e Fv 2 16))
Hv 492 516 604 512

[ 312 ZrssAlioCusoNis D7 L 7 =— /b & FEHENN T ORB O BERIEHFHEZ R T, bk biEA T
WEREBIOIRM 2.7K TEREMAAEICED L, 26K Puikliz R Lz, AERLD, RBOTIX. 7
LT =T, BB 5 APIZEREE Tc=2.7k DBEEHOEAZHROIITI LN TER, —H,
#ZED, OB LTIV T =— AL OBERRE -7, EBH 7 APICBEEROEA IR TR
ZENbhot, TLT=— L DMEMN, ZrssAloCusNis DI T# DB EERFE & R REIC K& 2
BrE2TNEZERbDoT, ZrssAlioCusNis DRBIRERHE L BIRAFHED Z N EhOREZBE L T,
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Fig.1 Effective Bohr magneton number p_ per Ce-ion as a function of Ce-concentration of present
Ce-X amorphous alloys. Fig.2 Superconducling transition temperature Tc as a function of Ce-
concentration of Ce-Ru alloy.
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function of sputtering time (or depth in AL,O3). and TEM as a function of depth in AL,O;.
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Z3Z3CHR [1]S. B. DiCenzo et al., Phys. Rev. B 38 (1988) 8465. [2] H.-G. Boyen et al., Phys. Rev. Lett. 94 (2005) 016804.
5. JFR (FW) i
“Core-level and valence-band photoemission spectra of Au clusters embedded in carbon”,

K. Takahiro, S. Oizumi, A. Terai, K. Kawatsura, B. Tsuchiya, S. Nagata, S. Yamamoto, H. Naramoto, K. Narumi,
M. Sasase, J. Appl. Phys. #FaH
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1. [FC®IZ

The collaboration between Lippmaa group at ISSP and Kawasaki group at IMR has continued as
scheduled. The support from this collaborative research program has been used to organize several
joint research seminars at IMR and at ISSP to discuss details of oxide heteroepitaxy, thin film growth
control and thin film and device characterization. This has provided an excellent open path for
scientific exchange between our groups. The main research subjects are related to the analysis of the
electronic structure of thin heterointerface layers, probed by transport measurements of superlattices
and in field-effect transistor geometries.

2. HWFZERGE

Our work is progressing on several fronts. The most important aspects has been the exchange of
results, since we work on similar issues, but using different material systems. While the ISSP groups
has characterized field-effect transistors built of SrTiOs/CaHfOs heterostructures, The IMR group has
focused on ZnO, and a ternary SrTiOs/LaTiOs/LaAlOs system. Sample characterization has been done
using three-terminal device measurements, to determine parameters like field-effect mobility and by
more traditional techniques, like measuring carrier concentrations and mobilities in Hall-bar setups.

We are also collaborating on developing methods for performing thin film growth and
characterization experiments more efficiently. For this purpose we are developing software that
allows us to share and distribute experimental data results on line using a Web-based data
management system. The software development is done at ISSP, with installations also operating in
IMR.

3. HFBEECR

As a result of this collaboration we have developed a variety of novel field-effect device structures.
While some of these junctions may be useful for transparent electronics, the main advantage is that
these devices can be used to probe the interface states in heterostructures. Since the layers that we
are probing are only one or two unit cells thick, and the density of defect or trap states is very low,
traditional electronic state analysis methods, like optical absorption or photoemission spectroscopy,
cannot be directly applied. We have shown, however, that transport measurements of heterjunctions
are useful for characterizing defect and trap states at oxide heterointerfaces.

We have also installed and are using a software package for performing distributed materials
science research. A web-based database system has been developed that lets our, and other, research
groups quickly share raw measurement data

4. £ & ¥

We are thankful for the support granted by IMR and believe that this type of collaborative research is
an excellent mechanism for building and maintaining collaborative research between laboratories. We
will continue our joint projects in the area of oxide heterostructures and will likely tighten our links
in the area of developing software tools to support distributed research projects.
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1. "Sr surface segregation and water cleaning for atomically controlled SrTiOs (001) substrates
studied by photoemission spectroscopy", D. Kobayashi, R. Hashimoto, A. Chikamatsu, H.
Kumigashira, M. Oshima, T. Ohnishi, M. Lippmaa, K. Ono, M. Kawasaki, H. Koinuma, J. Electron
Spec. Rel. Phenom., 144-147, 2005, 443.
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144-147, 2005, 511.
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Taguchi, N. Kamakura, K. Yamamoto, A. Chainai, Y. Takata, E. Tkenaga, H. Namatame, M.
Taniguchi, M. Awaji, A. Takeuchi, D. Miwa, Y. Nishino, K. Tamasaku, T. Ishikawa, H. Kumigashira,
M. Oshima, M. Lippmaa, M. Kawasaki, H. Koinuma, K. Kobayashi, S. Shin, J. Electron Spec. Rel.
Phenom., 144-147, 2005, 557.

5. " In situ photoemission study of LaixSrsFeOs epitaxial thin films", H. Wadati, D. Kobayashi, A.
Chikamatsu, R. Hashimoto, M. Takizawa, K. Horiba, H. Kumigashira, T. Mizokawa, A. Fujimori, M.
Oshima, M. Lippmaa, M. Kawasaki, H. Koinuma, J. Electron Spec. Rel. Phenom., 144-147, 2005, 877.

6. " Manifestation of correlation effects in the photoemission spectra of CaixSrxRuQs", M. Takizawa,
D. Toyota, H. Wadati, A. Chikamatsu, H. Kumigashira, A. Fujimori, M. Oshima, Z. Fang, M. Lippmaa,
M. Kawasaki, H. Koinuma,

Phys. Rev. B, 72, 2005, 060404.

7. " In vacuo photoemission study of atomically controlled LaixSr«MnOs thin films: Composition
dependence of the electronic structure", K. Horiba, A. Chikamatsu, H. Kumigashira, M. Oshima, N.
Nakagawa, M. Lippmaa, K. Ono, M. Kawasaki, H. Koinuma, Phys. Rev. B, 71, 2005, 155420.
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“Ferromagnetism of a few atomic layers thick L1, FePt films” S. Imada, T. Shima, K. Takanashi, S. Suga, in
preparation.

“Ferromagnetism of Fe atomic layers sandwiched by noble metals” S. Imada, T. Shima, K. Takanashi, S. Suga,

in preparation.
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Fig.1 (a) Magnetization curve at 10K, and (b) temperature dependence of magnetization under
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Takahashi, I. Ohkubo, M. Oshima, K. Nakajima, T. Chikyow, H. Koinuma and Y. Matsumotoi: Jpn.
dJ. Appl. Phys. To be submitted
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fEemlT A AE 2 UEHRIIIZIFE—EIC o7, ZORE
Mo, ZU YA MNIBHEEARHEK TCORERT =—
SN KV BRFREI L 7o TR E R L, IRMNME TS

i,

D ENRBENT, FRIC, Ar FZHK TOREICLY - Syt i
WEREIESE DD IR D ERIIORE R NGO D Z ERS U (b) ABESFTHRELI#ES
7z, E1 VBEIZEURELI-LGSEMES
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[1] S. Uda, H. Inaba, J. Harada and K. Hoshikawa: “Growth . m 30

of langasite via Bridgman technique along [0001], [2110] and Annealed time at 1000°C in air [n]

[0111] for piezoelectric applications” J. Cryst. Growth 271 . i

(2004) 229.237. 2 K& $1000°CTHFHLERFHEIZ & HLGS
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T MERNE D DR EICBITAREA N =R L2 #E 25 LT, FEHICHERERTHDI EEZ TS,
7=, AEe LG MFAE L2\ LB4 OFESREZR LT, (i1 50O T mV f2E O/ ES % FIN ¢ E huid,
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Exhaust <€— ﬁ Inner Diameter:
o >
2. WF7ERtE samte '1 }Mimm‘
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T AFFEIEE IR VIR L2 EE AR U, HRAZRIER
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& TIEAE Smm & & Smm O RO ZBLAN 7 2% 7 )L
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20
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RIS Y T B
ZBLAN 717 AWK D 7 7 A /S—=JRIZEI & LT L R Gas Levitator
BT 7 A NRN—NITHGE N ERT A RN EZOND, 7 Fig.1. Schematic diagram of gas levitator used for synthesis
A N x ET IR IR T 5 = LR ARES D T and levitation of ZBLAN glass preform.
BGPTSR A 72 < . OFEEBAERKR DR 2 01T < WI/NE S BREE Pulling A

T 7 A R—B & 2175 b DB £ M L=, ZBLAN # F % 'W“;r“
A A SR RIS R L 72 R BRI CARAMRAP TR L, i ] E“E“
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72o Nd A & ¥ ZBLAN 5 ZADH T AR 51T 265.7°C. #iidh ) ()
TLBEAGIRFE 13 360.6°C . AT 420°C, DRBILAIRE1Z 453°C T b Argon|
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T AT
DTA /luvV
L% ZBLAN 7
SZAFLT 4 — 15 Onset'z\(jfy7°c \ 10055 Onset: 453.0°C__

P 10 N\ /’ \ 100.30 .
LOVERL 8] s T SN 100.25 /’%
EAFCOT7 P T :

5

N o -~ AT 100.15
A N—gF| & I . Onset*: 360.6 °C . o /
e S = //
EBREITO, -10 Peak: 455.5 °C 100.05 \/«//
- 100.00 -
1 50 100 150 200 250 300 350 400 450 500 S0 00 150 200 250 300 350 400 450 500
Temperature /°C Temperature /°C

Fig.3. DTA and TG profiles for the Nd doped ZBLAN glass with heating rate of 10°C/min in the
Ar flowing.
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5. JEF (B&H) W
Hydrogen Retention Properties of Co-Deposition under High-Density Plasmas in TRIAM-1M
M. Tokitani, M. Miyamoto, K. Tokunaga, T. Fujiwara, N. Yoshida, M. Sakamoto, H. Zushi, K.
Hanada, TRIAM group to be published in J. Nucl. Mater.
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[1] T. Nagasaka, T. Muroga, M. M. Li, D. T. Hoelzer, S. J. Zinkle, M. L. Grossbeck, H. Matsui, Tensile
property of low activation vanadium alloy after liquid lithium exposure, Fusion Eng. Des. 81 (2006)
307-313.
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[ A BRATEAER] MM M FEBRER > © 42 C O IR St CHRETE L 28 FL H 72 3 e KT 50%FE & D Fid
FHEfETHY, NF VT LAARETRLNDE LW IREHE(LRREEE OB KIIRO bien -7z, HEE
A~ O S 3B % OJIEBIZE TIL L — W — B GBS CIIREICE R SN D TR 4 & A
bNARMBERDBEI N, 20T HOHEN 0 XA & X TIERRFM TEE S EEn
7ok CIA S R STV e, BREM CIIEIE OB MmO T X HA R SR E 2508 0 2R &
Mole, TOTRYHEDOIIRE AFM TEEMICEHZE L1-L 2 A, FERFHM TIEEZEN 1I0nm A T Th o7z
DIZH L, B T 50nm FRE DR 2= ThH - 7=, Z OfMIE 100-300°C OB 2T TRD b,
ZDOBEEDIFHEITINTF ¥ RV T OREEZRLTWS LB 2 LN 5N FArEE TEM #22417-> T\
W2 ATy FRABERORIEIZR SN TVRY, ERAM TOREEDRERZ kg L T/ TEM 81
BRI DT ¥ 3V 7 OFEEREIKROBMRIZOWTH HIZ LT L,
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4. F &0

B PRSP L C OB L ST 0 A A2 O IRRIRIR L0 R AT & 72 HEEF ¢ 5 U o
SRR 2 RO B 7o s R TIRST A AT, RS HES A ORI TTRRBR > B 00 5 | JE AR & TS
B R AT 5T E 1A Ao TR OO R N EARIR & 578 DB & 2 R ETR B 217 -
T T T TR G HERE AR DG T ¢ LR O 12 30 O KR B AT & 2 TR 2 P 338 &
ICIR o o0 A A BREHEERER D & IR T v FAC & 5 R FEHAT D B A TT AT » 7 8B
MBI I3, AT v RV ZEICH LA A IR A TH L Z L2 RWiE L,

5. FFER (&) W
Inner structure of dislocation channels in neutron-irradiated V-(Fe, Cr)-Ti alloy. K. Fukumoto, M.
Sugiyama and H. Matsui, ICFRM-12 ( to be sumitted in J. Nucl. Mater.) [Field Number: 13]
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B-C-N %7/ WEDN S & VB 28

BOK - EERE B fabk. Bk - €F JIRS B2, Rodion V. Belosludov
1. IZC DI

Coo DFERLIK, 20 DB L9 & L Q0228 BERT /WL, HHENZ 08060 % ¢, 2FcE 3%
FIHAVGEZ RT3, 77—V v/ EIIRERIZFICE EF 5312, 1995 4EI2 BN F/ F2—7h%ERE
TLLE, AEIREE: H DD BN BB TH L DS THhIUAD T\ %, BN 2T/ WEIL, RERT/
WE EHIKL T, 74 F¥ v v 7(B,=6eV)IC &k DN THERIEIERSER LN v PG, RS COLENE
LIRS ERT B, IS LTIE BN/ Fa—T7 F 7022y, BTN A, BlGX T ) rd., &
TRy MO RS, AGRIEMEL /2 BXr — 70V, /2 RS, AR E R L. X5
RIS R T/ W E DRBEIZ L D, BONRT /) F2—7 + 7 7—L VREREOHT L EFIIFE 115,
BHEZ RN X —DINCEB T, XY ) =V oAKE LB 200 2 HaRFEmM R s L Ch—R v/ ik
—UDNFEHENT S, —JF BN B Tld, k& LT % & Z20gatSuadeiiicbznnb oo, BN EBORE L 7-
BN 7/ 2= 853N\, /2 r—URBEDHRTHEZERZH T % BN F/ A=, A—FRvF /) h—v
D &) ICFHEAHGERDRETH 2l e B2 61, X 5 eHED -0 s, AL TR, B RAESE
FHAFHKTT— 7T 5 2 LIk D, WEZERZAT 2 BN F/ A—UREDOIR L, S fiaeeE s
(High-Resolution Electron Microscope: HREM)IZ & 2 J5E FAIRHI, GRS X 24iE - P2 T > 72,

2. WERSEROWUIR

B L7228 BN F / R — > OFEFIEEITEM)E % X 1(2)l 7R3, TEMARZ TR L 72 BisoNiso 7/ H— D
THHE TV ZK 10T, S— R, 3543° THH, HREM ¥ S 2 L—3 3 ARE B E O Xve—
BER L7z, AL CIRE L ZEFEGIE TS, FHCTERGERAC BN4 BB% 2 EtE L Z2RREE2 6 L TR D,
ZDFETABNE T I E TSR Z T 7658, BN 7/ A=V DIV F—F v v 71d, BN F/ F2—7
BN 77 —L VDIZLF—F v 703 5-6eV 21T DI LT, Mid T 080eV 278 d, ZD I EIZBN F
J A= OMAREIC L 2N FX vy 72LEEZ LN BN F/ F2—7BN 7 7—L v LflAGOE S Z LI
X0, B BHT L ISR TE 5,

1 DO BN F 7 F—=1%, 8JED BN F/ h—Uli&t 2> TE D, ZOETNEREEEL 1 5 mol H7-H D
DA PEEEIERERED S, BN 7/ A= DfFZ &2 2 ETCRIINX—ME T T35 Z E03hhh), BN /AEE %
v N7 — 7 LIRSS X D BN 2 R — OEEDEENT % LB Z 515, X 12D BN F/ h—>Dik—
VOSRAEIZ, $ 35 TH B, MU bREL ek — ok
AEZ AT % BN F/ A—rasHHiE 7, HREM
O HE INT A —VASRAEIEZ N E I, 102, 9095,
60, 22° Th %, APUTE TR L 7-f8E BN +/
— VERTRIIIE 7OV D R — o Sanfa R D SEHIE & 3T\ ofil
B, FIRLX =X v v 713 02-09eV OHPFHTH
LT EDRIEIN, -, EEEIc RS EELh
FOX =T U CTLET 5 2 Lotz

3. ¥ &8
ZNHDBNT / h—r%, S5 & DR T (L 7

DI, B TRt DBE S OFHIliD WA Cdh 5 &5 2
55,

4. G
B, A VERREEEE, ANHREA, FRAN, T
JER, PR, JIBRESE BN O PRIORGE 1. @ 7—7Wf#RC K Y ERLIBN T/ =D
Y ) 22, Vol. 3,No. 2 (2005) 71-85. HREM{Z. (b) BysiNiso T/ v — > DRI IE T L,
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Al (TERRE Q)

SEIKIKFBALY D in-situ X BREIPTHIE

R & )il & A& 0 JSK-N-BARD 1 JII & Z it | § F
wikKk-&F &% # F R E - X+« N-BARD % H & {3
1. FLHic

Bz (BT HRARETEABL, BCSERK R LD 2RI L7 Li-N-H RARRITBM B O FEE1T > T D,
Li-N-H RAREFEMB &3, VF UL (L), FR (N), AE (H) THRSIKLTWDIRTHY ., Boids
WU T ORISRV THIEZIT> T\ 5,

LiH + LiNH: & Li:NH + H:

CTORIOVWTIHIESERIINAL—FAHELTEY  KEKRHBRICBWTUHIZD AN =X LHBH LN
B oohb, LMLAZRMBEOAI=ALMIBWTITIZEAEPLNTRoTWRWE W) BURE H
%, I TAMZ Tt Li-N-H RAEFEM B OKFEBRZEEBAL, ZOA D= LEBHT L%,
ALK F 4 BB 22T D 3 1% BT 72 =IO T inssitu X BREIFTRIE 21T > 72,

2.  HFZERE

A7 CiE LiIH-LINH RSP DK EHHRETH 5 LioNH OAFE(L@RICBIT 2 EE{L% in-situ X
BRETRIEIC L VB Lz, BB, AL TIRBRT 2 EER CRISAEITT 5 L ooz imL. IV
v TMBE R LTS, ORI X o TRISIKAERZREITEXRVEDE LTEREZEDTND, U
TICEROFIEZ T,

HEHIENL1:1 0 LiH (Sigma Aldrich . #if 95%) & LiNH: (Sigma Aldrich . #iBE 95%) I
filftt > LUC TiCls (Sigma Aldrich 8, #iff 99.999 %) ML, REHOEFH 300mg (2725 & 5 FHE
L7z, ZHUCKFE IMPa HCHEEERA — L I LR (FristchP7) (2L 28I Y 7B EZ L, £D
% 220°C - HZE T C 12 BffRFF 45 Z & T LieNH %2 1Ep L 72,

BB X FBHENZEED X'Celerator Y E AR HEE (REFEEF D 100 ) BLUO®RBRTZ vy F AL b
Anton Paar V 7 7 #F % > 2N XRK900 (1MPa iit/£) ###k L7- X fREIFEEE (Panalytical X’Pert, CuK
a B 40kV-40mA) ZAVW-, ZOEBIIHA T =F A —F TREFRNVEDFHIZKFEIRIZNDDT, 20
~50mg FLEE L\ 5 A BORENT in-situ X REIFTRIE 217X 5, BIEIEXET 156~50° O#iH% 555H TIT
o7, UTFICEBRFEERT,

D Rty b, Fron"—RNEr—F ) — R A0k 0 EZEHER - Ar BHREBRVIELZ%, BIRTE
7 REAKH) HAEE 0.6MPa ZEA LT,

@ =RETHEL. FE#EE 5C/min T 50°C, 90°CHH 10°C T2 180°CE TLIF, FRETHREFLARND
BIE&1T o7, B 180°CTIE 1 BERIREF L7223 B3k L CRIE L7z, 1 BORIERRIZET 5 29 TIT

27,

7B, BERLOREBORY HOIE2 TERIEEM TRIEZIT> 7,

17 Li-N-H RA BB EHI BT 5K F(LBFED insitu XBREFT 70 7 7 A V&R, 70T 74U
LiNHe, LiH ICB AR E— 7 B2 AL Th D, MPIZR 52 Al, LiOH FatEbi L Ficfibh Tu
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L0 THY . ZIUTEBORISICEE L TRy, Fio, Kid/AkFRKETSH S LiH, LiNH:
IR e B — I LB D HE R L ThH D,

Kibv, BERSEFETZ2oNTLH, LINH: O — 27 03 E L TW Z &b, KFLEBETLTND
BFEz 5, FLTROERTNXE, KFEDEITT 51224 T LiH A LiNHz £ ¥ HEICHEEKE L TW
CEWIBBNRALNEZLETHD, FELLIHOE—27Z, IZILDAIOEY—IDF LY RAelZE—
I ROTHELTWAZ EZBERLTEL, ZOBRPOEZONDRISHEL L TUIUTOL I b D
NEFLRB,

| 2
............... .(sample holder)... m
s s \ =
2
—+
<
N
o
180°C1h -
180°C 30min O
180°C B
150°
130°
100° -

M Li-N-H RAEEEMEHIB T 2 AFLBROT 17 7 A /b, (a)LiNHe ([ZFFERY 72 M4 B AT
DR B (b)LiH (2 F ) 72 & — 7 FHE DL,

(1) LiH & LiNH2 iZRIFEHZAER SN 528, LiH & LiNH: OfESR{EOE JIZEN H D 72012 LiH O H
EIERLT S, HETFFORERRO—-oL LT, LiH 3B\ OB 03 B8) Lo < Fdbss
HEONCHEITT AN N OESEE > T35 LiNH (TEW DI R{ER B EITTH I L2 &R
®iFohd,

(2) LiH BRI FOFRE Tt L, BFONE Tik LiNH: sk 3%, #lxiE. LieNH OFKM#EIZ Li
DORESTEINEE Y AE LS L TERAEIC LIH MK S, AT LiNH: B3Rk LTn 2
LR ERETOND,

WTHICE XBBEE TR &Y LIEAT, BCHENRLETHD LBbhD, L LARETHLR
fERIT Li-N-H RSB 2 KFLBROKTHEERADOFER N L2Y 55 LEx b5,

4. ¥ & ¥

ARFZE CI3 B AL K4 BB ZET D LB 222 128\ T, Li-N-H ZRARIFEAM B O in-situ X #REIHT
BIEHIT o172, ZORE. AFBLBERICHENT LiH AEICKE L, £O#% LINH: R LTS &V H B
DER X, ZOBRSE, AEMIC LiH BEICHERIE L TO A AREENTRB I NS5, BB TIINET
P BILRHENLETHLEEZOND, LOLAMETHEONZBRICEY, ZRETICHE Y &
NTWAsots Li-N-H ZABREMEIOKEICBTORIGET NVERELZZ LIZFEECEROHD b
DLEBbNE, SRITBEIN-ETLORIALZITIZEEZTFTELTND,

5. &K (W) WX
BAS RS 2006 FREHAKRE #HEES 9
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7 VA NVENLF ZE TR SR EE R 2 2 SR ENEE FET 731 2 ORI
K - BEHE B RS, BUEK - &FF MIE K. e BE

1. T LI

HHEHIE ~Z Y 2 & (organic thin-film transistor (OTFT)) %, 'V 3 &l & 5 Mg Eik %
NR—RAL LT FDO R T U P AX TIIRGITEBLTE VBN (OO - B 7 Lx o e
VT q4— oI NRER T o A - Kl - RIE7nk® A - o—ax ) 2FT5720KICT L2
fr=72AHF L LTHHINTWD, FFIC, mBRESCHIE N T VO RAZ~DISHE BB LT 3 A
RN—F—0TFT OREENITERIMIThN TE=, LM LRSS, p B - n AL EBEIELRT T
A R—7—0TFT MEHIR SN TWD, &2 TENZT V3, R— T —BRISE 2 3 8 R OR%
FHESH ZE DO, T A R—=T—FE a2 md (T70bb, N RX v o 70 B8 A
BIOBHBNUERFRTCH D EFF L TWD,

ZOE 5 RIS RS AR T DR E TREFINEE A LD T S IA 0 u
RV IR F— MR AR LSRR 1 (K D &R, BT (:fwm/:(:]
DOEACR LRSI HRT B30 ¥y v 7 (~0.86V) %R LT P
b e A PEEE AR L, 7 v /31 7R —F —Metal-Organic TFT(MOTFT)® H H
WEREITo T, 1

2. BFFE Ak S

AIFEFZEOBIARE AT, Fex 13 1 2V TEAR—ABEHE (~102 cm2/Vs) %7 pHMOTFTO#E45E
WS L CW5 (BFE . 3B, ITIE, ‘5. Zof., J Am. Chem. Soc., 2005, 127, 10012-10013), L7>L
NG, YPITHRL W7 oA R—F —FETRHEZ BT 5 2 LT advo Tz, FOREE LTI,
(1) Y—A« FLA BBIHNTZAUDFREE L $EADLUMON Y RO A~ v F U I L HEFF
¥ U TIEABEREORIK, (2) Mgk — a8k fm (SiOL&@mesR) IckiFsy 7 7 —ik (-SH) 12k
LHZEBFXFXYVTORN T EL T, NEZBND, F2 T, AEFEIIZE T, 1 OEOT R4 R—F—
FETHiM: % R4 2 & 2 BRICHFE 21T - 7=,

Borxld, 7 ) —NVET)—RR) ~—HFERT A R—TF = ORBUICHED THDH E WS Z &
\ZHEH LU (Nature, 2005, 434, 194-199) . RU A F LA % 7 J L— bR U ~—(PMMA) Z #afxisi v 72,
Si02(400nm)/m-SiFtR FICPMMA® bV iRk Z AV a— kL, &K 20nm ORI 2 1ERE L 72,
WIZ, 1 OFERO KGN Z PMMAKERIE EIZ/ER L, 2 O 2 AFM & OXRDHEIE D SRkl L7z, AFM
Mo, A YA R 100nm E B S Sz, XRDEIEN D, 1 OSERITEROER T HICK LT 1
s L 7o EREREE AT L TV D 2 E B HERR ST, L EDORER LY . PMMARE EIC/ER S 785K 1
1ESi102 FIT/ERR E N2 6 D L FEOERRELZH L TWAH Z LB ERTEX -, BEIC, & EME SR
FITHERR L, 2D ko972 by Far 2y NS S0 22 ER L
o 7235, GEMEOIERE OEEIEDFEfIE, § T/ m— e eom
TRy 7 ANTIF -T2, ZOFER. B2 DF A ZZE L HA— ;i;; o $5fF1 (30nm)
NBMNDLT A R—TF —FtE a2 R Lz, S6I1I2, K207 «—PMMA (20nm)

A ZFINg FTT7 =— LALBR (100 ) %175 2 & C, BB ~~Si0, (400nm)
oEENBRRENZ, ZOFRKE LTI, 1 OEOEREEZ KK ™ n-Si
FIZES B LI EXIHE LEBFEORETHDIL EEZLND, B

3. E>

ARFZETlE, Mok —FEAR A2 EMT DL T, PR FXy v (~0.8 eV) 2HTDHT7T0
WA R )RR IR ) F— MENLF BN L T2 SRR 1 O8RS 7 2 A R—F —FET 4§
PERTZEE R L, 2%, &BA A ARG « B 7 O BEHRIER 72 & 21T, EPEREZR
7 3 R— T —FET Fetk 2~ 3SR R SR O i b 2 A 5 TETH D,
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S Lo AT ) T 20k

JbREdeim k. CREST-JST BRIFBA b RS deih, RAR =
BAbK « 4:fF. CREST-JST BERE, MTIERKE

1. X LI

TREOZER] X, AL 7 he=7 AGBICBWCRLATH D, B 7 fr=J X T/, =¥
AX VY NVEEICEVRERF LTy F oy ad, REORESITRED 2 /has< ksl L, A
W7 3 2%, R CHER SN D EMR E 757 TR SN DT ¥ o RV OBESPEITMIRINCELS 72
0, BETEACERELRIZTHOETH D,

Xﬁnfi HHEIREAZBRE) (v ) ke LizE ﬁ%%%7//1&(ﬂﬂ)%¢%b k%
TR FUIIRFEIC T 7 A AFE (BT EADIR) o, ALY fe=7 2B 25 TRimozhE)
@ﬁﬁ%ﬁ%k?éo

channel

2. W

F ¥ R IVERITIECeo - PAR U ~—Z VN EBRICIZ A4
(Pt) %ﬁﬁthETﬂ'ﬁ% L7z (K1), F v > /UL 100pm,
F v XNV EIT bumE L7z, Ceo - PAAR Y v — & PtOEXAIRS
BN, BlR—F v RNV REmNA— I v 7 MRS 2 &
MHIRFEN D, %v/*w% 7D Ceo - PAR U ~—DELE I, Source(Pt)
FZEARABE TR S IWRBAM R FRIC K-> T T - 72, JIE, .
§£7m%ﬂ%&#%%%%ﬁﬁ“%%ﬁwf s, mEE
TITo T,

e : :’ Pa';;' - :; pg-::'-- P -

- i L

Pd : = e
-
n

Drain(Pt)

2

3. WFSERCR

212, ZNETIER L7ZCoFETD H ket (Bkx 72 77— ‘
BIEICKT D T VENE) %, X 312C, - PAR U ~—FETD H /)4 41) . fER L7 7 — v 38k FET 7
LI SN A

CoFETIX. TN E TOWRE L FEERIZ, FIINEE4 VAETIV ¢ ox1ge LS m. = 100y
B IS OISR A R LT D, ZHud, &l '
—F ¥ RNV REICY gy MR —ERENER S L CHgTE S 6.0x10°}
o —J7. Cy - PAR U ~—FETOM N TIL, 2D X5 IR _
PERR BRP, BRI T VEETh 572, Z07H, Cy-Pd 4010
R ~—%F v /*/w:\ Pt &MU FHVVZFETCIE, PdEPt

DELMREAICLY | EHi—F v o RAREASF— v 2 |
iﬁotkiif!iﬁ#:f%éo 0 - -
Vs (V)
4. F & ¥ 2. CooFETOH F1EE.
Ceo - PAR U ~—%F ¥ > Kb Pt & B FAVVZFET 2 {EHRL L
TR, BT v RV SRERNA— X Z i L 2o T D Lax1o" 2t e
FEIRET DT AL AR EZBR L, AL, Zo5EH L2x10% =70
HENDEFELEDTNAL 2T XA—2OH TR, & LOx10%F 230 Y

—=30V

7 vt R 2L BHCy, - PAR Y ~—FET T i F v L RIVERSS DA 2 80x10°
RN LAURIR I L, T OAIZE LT, -&4» KUK = 6.0x10°}

——10V
-0V

FHETAD 2 L0 R, o LG L BRI OB 0107 -
SEMSATRD B Z L IC K VR T X B, Zmﬂ',lfﬁ

LSt1E. BV~ —OEEOFME, F /A XEMOIER, 0 2 + (V)6 8§ 10
ﬁﬁﬁgxggiéifw\%Jmib7vvﬁkm7% DR s G Pa Y ~—FETO

5.  FE£ (&R W

[1] “Transport properties of Ceo thin film FETs with a channel of several-hundred nanometers”, Y.
Matsuoka, N. Inami, E. Shikoh, and A. Fujiwara, Sci. Technol. Adv. Mater. 6 (2005) 427-430. [Field
Number : 15]
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L RNy 7 2{EWe BRI 2 W EIEE R NR b7 A Z DBR%E

AR 4 MF ME KIS FARRSE R 1

1. EQUE 10
AHRTIE, (1)L RY VR (BRERVTER ) ICHUEEEFILNF /D EESEEHAZAVT, &
7L TEERFMREE DS VEL, RTF—MENFINET V72— B FIMLOEZENE D
FREMBEERICKY ., BWRERYBIENY ROENFYEREL, N REEIZESE, EF EAD
BEBEBEERT D, T, (2) /N7 A—FTFT FHAEETHET S Z £ THERL ZEBHEO B’ —
MEFMMEL . TERMEBE—STYMAERE) ZRENICHSHICTE, BEENRBEEL TR, &1)E—
HOFEV (EERMEOEV ) BEHEZE2 O, BERRERY (EFy FRE, RERE, ERERE.
RERE, FYUTHAE, BEREZE ) ORBELETD. FLRBVEBBHEZERTDEEZBMIC,
BEOEZLSZMEOR EXBLETEM (HOMO-LUMO %41, ¥vv 7' ) ORBILEZETITDEHIC,
N REEICHEREES FERBEERAOERICE IS T/INA AGEOE L& H &, HRICEERNICEEEK
DFINAR—Z TFT ZHRRITD e 2BAMEL L,

2. L5 1)

ko BBy A ZER T 5 720 I1ICMY(SQ), S8 (M = Ni, Pd, POBSEADBIE{L 2 T TR A L. Ch S DEEE
. M'BQ)(SQ)'2M'(SQ),2 [M'(SQ)(Cat)] ( MEMNFEE ) DBt ETBEZRL., —EFHRILX
FETICKYEBUFLTRERFMREZET S, SEEFROFRLE, EERBERICKYTVRER
NEZE, EREE. RERE, FvUTHAE, BEEHEOZE(ERAK Iz, BEBERTIIHRX
REFTRCEFEMEICR) T2, AHARTR. &%, SHESROERRVEERHEADORER
FMAALICKWTELTZZADVACOERBBEZHEAPBHENERZBNE LIz, COERET/NA
ABHEEASHICZL, TNA ABEORKEL (WEHNNTXA—2 ) RUBBRENERR ARG (1
ZRNTX—52 ) 2Hl i,

3. AN

AW TIIM(SQ),EE M =Ni, Pd, P) ZE EEREME L 5V TEBILTD Z EICRINL . XERET
RRICKY, " BEOETHICENHSHAERE 2, BILAHARTIE., ChSsOEBENRFEpEE
AMRRNZVZAZELTEEH IR Z2REL, HREAERTTEREBEORNT VDA RBEEREL
o FEEZRBILLSBEVERERBLICID NI VD AZOERRRZTV., BREFICSVTER
DEBREKRZREHTICVEY ., SEOHERNPEEhZHLVYE, YzREI N TEL

4. ER )

ORI REREEEOYENEMEANDARIEICERL, AL TIEL Ry 7 ATEMESEK,
Ni"(o-diiminosemiquinonate),, O HIEIE AL N pE RGN E b T o ¥ 2 X RED FEHRIT R SEBRIT AL
L. U Ry 7 ATEMESEHA~DO YR ERTEAN & EfE O FITHEEZ R Lic, U EORRNLA%, E
125 T A AR DI LR B SRR A OB S B S LD,

5. R W) W

“Metal-Organic Thin-Film Transistor (MOTFT) Based on Ni"-o-diiminobenzosemiquinonate Complex”
Shin-ichiro Noro*, Ho-Chol Chang*, Taishi Takenobu*, Tomoyuki Akutagawa, Daisuke Tanaka, Takayoshi
Nakamura, Susumu Kitagawa, Yoshihiro Iwasa, Tetsuya Aoyama, Takafumi Sassa, Tatsuo Wada
J. Am. Chem. Soc., 2005, 127, 10012-10013.
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AR (EREZD

S ) R — AL TOT F— L VERET A AOERNZET A

RILK - BRESHA ARRYHE, JSTCREST BN &=, MUK -BRARKR EF&®Z,
BILKRE - B HWRES, HAEK - @ SRR

1. 3EU®ic
FHBEHEERDRE NS VR %— (FET) T34 A%, BN THDH L, Va vy 7 E
BHERHB L, BB KX P72 TOERMRTETHS 2 LR UL LEFER SN TS, 73
A AMBORECEMBRIIB I A4 T 7 = v 7 ORBIMEFOBANSEERRELT —<TH 5.
—7%, FET $BHICEERBR T3 Y UV 7TRE, ¥V T7BHE, RETOR Iy I7REFITNNAR
OYMBZOBENLHEFICHRECHET —~ L E2 5. Bxid, ERIRLET AL AMEEL TS R
YEZEOW G OMSMHENS, 75— EEHE Z#E-7- FET
T AEMEATo TS,

Ceo/polyimide/PET FET V=100V

2. BFZERRR

TS L R ET AN —R I TR =T YT AD
FET 734 R &R L, SiERMEO B & &tErm _Lizmir
T 2T o712, £/, FET T34 ZA0ERLIZHIT T, ¥
BOFNA ZAE2ER L CRGHREY — FEKOEREZIT-
72. H¥ FET 1A AOHETHBIEER « B2 2 b Fut 0 40 80 120
A TCOERO—FIE LT, WK 72t A TH75—1L > FET Vis (V)

TN ADERLIT o T, 1

I, (UA)
S~ N W B W

3. W ER 1500
K112 Coo WY A I FIRBE LTS L TERM L FET 100 v
FNRA ZADTF R 22 RT. BEFNMcEEZE) n F 1000
FN ) —=) A 7EO FET HHESBHE SN, BEIEIT
102em2 Vgl BREDHETHY, 7V TNV FET T34

AL UTHBHE VSRR L. B 213, 75—1r0 %0 % <0V
FEAEATHDHTIIT—V T RY v—2ERB LT H5BK
Fav ATHERLE FET 554 A Th5D. Zhid, nFx % 20 80 120
R —= D F 7RO ERL, BEIEX 103 cm?2 Vig! Vos (V)

Thol. BBETutA LB TR ~—EEL@MS L

T, 7V TAFET 7, A% RT3 LITHRBIL X 2
TEY,BEECSOVTH 103em2 Vig! & BN BHFLREEL2EL LA TERL. EHIT, Ceo® LUMO
EVBNT AN IVLRALEETSEEukY—R - FLA VBEBETS Coo#IE FET 554 A2 /ER L,
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Formation of Oxide Film for New Niobium Electrolytic Capacitor by Anodizing
Kazuhiro Nagahara, Tatsuya Kikuchi, Masatoshi Sakairi, Hideaki Takahashi, and Shinji Nagata*

Graduate School of Engineering, Hokkaido Univ. Sapporo 060-8628
*Institute of Material Research, Tohoku Univ. Sendai 980-8577

Key Words: Anodizing, Phosphoric acid, Current density, Temperature, Film thickness

Abstract: Niobium specimens with chemical polishing were anodized galvanostatically at ia,ini = 1 -
1000 Am™2 up to Ea = 100 V, and then potentiostatically at Ea = 100 V for tpa = 7.2 ks in phosphoric
acid solutions at different temperatures, between Ta = 293 - 353 K. The spectra of Rutherford
backscattering spectroscopy (RBS) showed that higher ia, ini and lower Ta cause film thickness to
decrease. Micro imperfections were formed in the film at the ridge of convex network structure
produced by chemical polishing, and the number of imperfections is smaller at higher ia, ini and Ta.
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. Characteristics of a Bulk High-Critical Temperature Superconductor :
. Fabricated by the Shock Compaction Method: Possible Use as a nghly
; Sensitive Magnetic Sensor
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Toshiyuki Atou*4, Masashi Kawasaki*4, and Kiyoto Fukuoka*4 :
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: Abstract : A magnetic sensor, constructed of bulk Bi-Pb-Sr-Ca-Cu-O (BPSCCO), was fabricated by use of the shock -
: compaction method, employing a propellant gun-system, and then sintered under through use of an electronic furnace. -
: The specimen as a magnetic sensor was maintained in the superconducting state at 77.4 K, under a current density J of :
: approximately 40 A/cm’ in the absence of an excitation magnetic field B.. The superconducting state was then broken
- and the specimen exposed to a B, value of 40x10™ T. That is, the resistance Ryess of the specimen occurred when :
exposed to 40x10* T under a constant J of 40 A/cm®. The magnetic sensitivity S of the specimen was approximately
113 %/(10™* T) over the range of measurement of the magnetic field Bpeas from 0 to £5x10™* T, under a constant 40x10™* T :
: for the value of B, being approximately 13 times greater than that of a giant magnetoresistance (GMR) sensor. It was, :
: consequently, determined that it was possible to apply the bulk BPSCCO specimen as a highly sensitive magnetic :
. sensor. -

I B = b5 ) A :
: In constructing highly sensitive magnetic sensors, the present authors have been studying the use of bulk :
: Bi-Pb-Sr-Ca-Cu-O (BPSCCO) as the magnetic sensor, which was fabricated by use of the shock compaction method, :
: employing a propellant gun-system. The BPSCCO specimen as a magnetic sensor was maintained in a superconducting :
* state at 77.4 K under a current density J of about 40 A/cm” in the absence of excitation magnetic field Be,. The *
superconducting state was then broken and the specimen exposed to a B, value of 40x10™* T. That is, the resistance
" Runeas Of the specimen occurred when exposed to 40x10™ T under a constant J of 40 A/cm”. The magnetic sensitivity S of :
: the specimen was estimated as 13%/(10’4 T) over the range of measurement of the magnetic field Bpe,s from 0 to :
: +5%10™ T, under a constant B, of 40x10™* T, being about 13 times greater than that of a giant magnetoresistance (GMR) -
- sensor. Consequently, it was determined that the bulk BPSCCO specimen could be possibility used as a highly sensitive -
: magnetic sensor. :

R e St :
: In the fabrication of the bulk BPSCCO specimens to be used as magnetic sensors, commercial BPSCCO powder :
: (Dowa Mining Co., Ltd., DSC-045001) was formed into pellets by using a compressor under pressures ranging from :
: 200 to 300 MPa. The pellets were further subjected to shock compaction pressures of about 4 GPa for about 1 wsec. The :
: specimens were sintered under a temperature of 845 °C for 48 hours, by heating in dry air to a temperature of 845 °C at :
: the rate of 14 °C/min, cooled in dry air to a temperature of 300 °C at the rate of 5 °C/min, and then cooled to room :
: temperature by a natural cooling. The pellets, measuring 0.5 mm in thickness and 10 mm in diameter, were cut into :
: rectangular-shaped test specimens using a diamond saw at a low cutting rate to reduce the effects of heat. :
: The magnetic characteristics were evaluated with all sensors placed in an excitation magnetic flux density B.,, that :
- is, a homogeneous DC magnetic field. The B,, was applied perpendicular to the surface of the sensors which measured :
: 9.4 mm in length and 1.7 mm in width. The measuring system used in obtaining the magnetic characteristics was :
: shielded by two Mu-metal cylinders around a metal dewar vessel. The four-terminal method was used during resistance :
: measurements of the sensors. :

— 189 —



The change in resistance of the sensor with the shock compaction method due to the measuring flux density :
* Bieas do not exhibit a normal state for values of B., under 40x10™ T and values of J less than 35 A/cm?®. Therefore, a -
: magnetic measuring system can be constructed in order to realize a normal state of the sensor, and is biased for a :
homogeneous DC magnetic flux density By, of 40x10™ T. The By is applied perpendicular to the surface of the
: magnetic sensor by use of a Helmholtz coil. These, in turn, are shielded by a metal dewar which holds liquid nitrogen at :
: room temperature (300 K), and two layers of permalloy sheets. :

The magnetic sensitivity S can be defined as
S = 100 . Rmeas(Bmeas) - Rmeas(Bmeas =0T) %/(10-4 T). )

: Bmeas Rmeas(Bmeas =0 T) -
* Here, Riyeas(Bmeas) and Rieas(Bmeas=0 T) are the resistance in a measure magnetic field By, and that in the absence of a -
: magnetic field, respectively. The values of magnetic sensitivity S increase as the values of p decrease, such as shown in -
: Figs. 1 and 2. These results demonstrate that, the value of S can be readily controlled by the value of J. Figures 1 and 2 -
: are the results for the sensors with and without the shock compaction method, respectively. :

L) L) 1 1 T T T T
B, =40 10° T B, =40x] 0*T
210 o o o - 210k N
WH E ® o L 2P ° E W‘F‘ E E
S f ] S . 774K 1
s [ at77.4 K ] > [ at77.4 K 7
S | < ® e,
w | | «w | ® e
1 1 1 1 1 1 1 1 11
1 2 o 3 4 100 300 500 700
p (107 Qm) p (107 Qm)
Figure 1. The sensitivity S for the sensor Figure 2. The sensitivity S for the sensor
constructed with the shock compaction constructed without the shock compaction
method as a function resistivity of p, method as a function of p, under a constant
under aconstant condition of By, of condition of By, of 40x107* T.
40x10™ T.

: The solid circles in Fig. 3 reveal the dependence of resistance Rpeas(Bmeas) Of the sensor constructed with the shock
: compaction method on the measure magnetic field Bye,s over the region of +5x10™ T, under temperature condition of :
: 77.4 K. Here, the values of Ryeas(Bmeas) have been normalized by the value of Rieas(Bmeas=0 T). It was found that no :
! hysteresis characteristics occurred over the range of Bpe,s values of £5x10 T. The S of the sensor constructed with the :
: shock compaction method was about 13 %/(10'4 T) over the range of measurement of the magnetic field By, being -
: approximately 13 times greater than that of a giant magnetoresistance (GMR) sensor. In addition, the open circles in :
: Fig. 3 are the results for the sensor without the shock compaction method. From the results of Figs. 1, 2, and 3, it was :
- found that the sensitivity S of the magnetic sensor was improved by use of the shock compaction method. :

2 — —
By, =40x107 T
[ =40 A/cm’ o® ® L
lﬁﬁﬁﬁrrfﬁngi;;
;;o' at 77.4 K
0.5 F —

1.5

0 I ] I ]
6 4 -2 0 2 4 6

BI]]C':I.S ( ] 0‘ ! T)

Rmcas(Bmcas) ’!Rmcas(Bmca.E;:() T)

Figure 7. The dependence of Ryess(Bimeas) for
the sensors with  (solid circles) and without
(open circles) the shock compaction method
on the measure magnetic field Bpeas.
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As one of the basic areas of research for the fabrication of a highly sensitive magnetic sensor, the present paper has :
: examined a superconducting magnetic sensor, namely, that constructed from bulk BPSCCO, by use of the shock -
: compaction method. From the all characteristics of the sensor constructed with the shock compaction method, it was :
: found that the sensitivity S of the magnetic sensor was improved by the shock compaction method. These results were -
: found to be important criteria for designing a highly sensitive magnetic sensor. :

L5 gHE GEE) W :

* 1) H. Fujita et al., Characteristics of a Bulk High-Critical Temperature Superconductor Fabricated by the Shock :

Compaction Method: Possible Use as a Highly Sensitive Magnetic Sensor, Extended Abstract of EUCAS’05, :

Austria (Wien), 2005, p. 335. :

2) H. Fujita et al., Application of a Bulk High-Critical Temperature Superconductor using a Shock Compaction :
Method to Fabricate the Magnetic Sensor, Proceedings of the 22nd Sensor Symposium, pp. 253-256 (2005).
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(Universal Binding Energy Relation, UBER) METHDZ LE2RT, BAEFMFZEALE (00 1) A
FHOCHAT IR —ZE L. ZoBg  EOREST2ET7vELE
B BRAR R KR8 2 KD 7,

3. WA

FFHHREICLAE8EET I v 7 ARBEORKFMEREIIFNEFNE LITRT LI
6. 4GPa (V/Ca0), 23.6GPa(V/Mg0), 25.8GPa(Ni/Zr0,) 72 & &K Hav7=, 1 121EV/Ca0d Fiifi T DAl
BENAROBETRT, NFOT LRI LT DANY T WA T DRI L 7o DA L BEFRA 4 DR
BLRDZGAETHBRLIEEFEEZX L (F) 1077, BREA L VPREEOLE T YT MIOE
BENNESL, Iy y AL bBEOBRIEMEN K
XN D, BEANCE PRSI T oNATNDZ L
EXIE LTV 5, BEAEREREICEICHFS T DML
ZOERETTNVOEAIIIERE L A 4 & ORES
ThHIERbhol-, BFEEFTNMIBITARE DL
& & BT RSB OBUTH 21TV 0DE FICH HET LD
Ca0/ VDA 2. 2x10"/m2, MgO/VOIEA 21.8 x10%/m2 & 73
0. V/Ca0 & V/MgOD BRAB SR i 50 0D 78 | L AL i FE do 72 V) 0.05

CAHET SRR T RLORAOROERIZ bikFr  E N T caOV mogel
}:) : kzﬁj@b)/)f’:o F__D_ 0.04 on calcdum.ion

4. F&H g 0.03 V on oxygen ion
BAMEREE LTET I v 7 AL BEBER & OMH» B oozl _

AOEON, BIEMET I v I AL RFT VT LAR= n o

N DIBE DRI OV TR Lz, i o0 BALR K3 £ 001 -

FE R TRUBIC BARAE L. RE O T4 A VRIS °

0 1 1 1 1 1
BT IR A A ORFAMIE L & b1 & BT D 0701 0 o1E 018 02 022
=) ORES O Y FERN T T ZEembhot, ’
EOOREORLERRWTTHE - ENRDRoT. o e mrmms (1) & REORT
150 B T ORRELOT Ao R B R P T R
FLTWB D EenLTWBEER LD, e B "
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1. VLA
BRI 1, KRR O DFERERRSH 5%, ER-EROHRERR ETERESND, £DOLO7%R
ORI T EIE, AR EHE RICEB W T H Z OFMBRHIE OB S D EERZEZ LD, £, &F
FEMAGEEA T, 7/ A= — Ok RPN EE CTH D, L, TO LI iz Es2 7 a2
IZOWTIE 2T o TWVRLY,

bR HMONIZHGHN LB 213, B ARHERICBIT 2B TH LR, T L RICHR SN
HO TR, 2T, AR TITEHERFRICFEZRE @E%f%& TOEMEHSNTHZ LT,
okl RGBT 2 2 L2 A E 9 5[1], 2 E TICERMIZ, ERIRE, 7 =— ViR & Hil
L7- BRI FERICOWTERE A 22, ZOFEBRIT, BTEHO 7 T A% — % @it g OE 1 BT
BELT, YA X EEEB LT =— URE L ORREZ ., HEHNICKRDTEbDTH S, T70bb, &k
FOT =— VETOERWIT. 1FEAENE 20 HEINEETHLHZ b, NSy T 22— (Th Bk
) D HEET LTS Z LK BEMEE L TWD Z b o Tn, Mokl 7 [E A O BFRIRE DK T 2 %%
L 7= iR DL T 7 =—/L3 % & Th 1Z1E 10 mARDOhIEE~DZ 4k, Th-->Dh o [E{&-[E R OFE 21k (IE
FEWCITAE STV 2220 NS Z L vbio Tz, WEEREL Z OFEA-ERFEZ L O IC >\ T, T
A TERENZ, £, /O Th#ED 13 JF+7 7 A% — (B n=1) {25\ T, AE 27/10
F#59 % & Dh IR0, ZOMEIXLZTEMEE TR, AT v Y VOBKIZHD Z LR LT, 55
A7 7 AZ—m=2)" Th TlX, A 22/10 A THRT > ¥ v LR —3/NI72 5738, Dh T2
SETEICTEEMMOFROF AL, B L TWDZ RN bholz, n=3 7 7 A X —TiL, AE 27/10
FHRT, ATy VX F— IR EZ R L, BEIIALETHo7, n=8 TIL, WvhE T M, &

LR Z R L2, LED X 51z, A X2 X0 FEE DN EMEIC R D 2 Enbhrote, LD X
TRRRAEDN B TR LR _owfiDE%&%&#xﬁﬁ &#b#oto% T, AEEX, BEAR
RFE LAY TERTILIZ LI LT, LML, &7 7 AX —OEFIREBRHEITGEAM N IEE IS
WODOT, NaZ 7ARAZ—%HuT-,

2.3. WRZERRE. WFTERCR

Naz2 TO P FHE 35 X UNatoco D FHEIZ DWW T, FRTREFEICOWTHRFE N2 72, I FRICIE
EREZRREERIE & St TV DHNoséDEUA TIL, ZEICENELRNWZ ERH Y HfliRdER 7 —1r 0
FENEYTHDZ ENDN BEHEEZED TND EZATH D, RN SIRIE~DERETORFT T,
MG b5, GHRIZBHERIZE D)

4. EJR 5}

B, JRER S B ) FRIRIC K D 7 7 A2 —OfEE b 2 fEt L T D

5. R (&) W
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