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Fe (110) 7 ¢ A B HAE S | Ni BB D bee—fec HExs

JUIRE 75, [
(TIERBEmE)
Bcc-fee structures in ultrathin Ni films on Fe(110)
Takumi Kawasaki, Toyo Kazu Yamada
(Chiba Univ.)

WMt JR D bee—fec FHERRE Tl MG DAL XSS IS EHSEET 5, FRHCERICEID 2o X
O AR (REAUEAUR ) 2N C & AT, Bz 2 BRI T S A A DRIRIZ D720 %,

AL TH 4 1% bee—Fe (110) /fee-Ni (111) il TORG M - B TS, B8 X OERIC L 2 HEEHIE 2
Yot AVELT-MIERIE « BBEEZe « B8 b o R VBEESS (STM) 3@ 2 U7, 3Bk L OMESF o 1E
R KON - SEHABIRERAT CITV, BEEE A S 2 L e TR ICEEI L STM JIE AT T2,
R BRI T (LEED) 1 X ¥E( Al C 5 5, 72, ST ARIKIXZ T4 A AKX > MZEEF STV D, STV H
EIX 7K B L UV300K TI1o 7=,

SO RFEHI O 720 bee-Fe (110) HAR 2455 720127 4 A BEiL 2L 2 EAMRE S8, K
FAB<ADTH W RIEIZ 6 20 (110) A £F2, EEmEENIEAL T VA ANy X % 810K (Z/NEL
L7eNBHATH T & T - 1572 Fe (110) Rifi & 1572, YE(HME C Fe (110) LI Ni % 0. 5~3. 0MLs =& T
7575 UL7=, LEED XN STM BLES /5 Ni (L Stranski-Krastanov &35 Z &3 0o 7-,
18 B OBEKRERECIXT v ¥ LRIROERBIE =23, 2 8 B DARRIES RO (111) Fhicip-o
TEPRE L, 1 BEOXRE T, EX - MRS FEAIZEFEN B S, WERITRRED 2 J7H
IR > T2 KI11> LD 10 34, 18 H OJR+0 biffatEkk Lo Ni JR+0 2 RockHEE T fee (111)
i & 7 USRI T o 72, [7 U N TRBEIFRE T2 W Tl FICEADFE L, 20X )
(2 1 8 B ITAREAR ORI & A8 B AT T Hiv, FR OO EIKZE 15pm R Th o7, FEfEERER
(fee) & B (bee-1ike) T STM 3 ERIE 21TV, B HIREBEBEIZH B E WA L 47z, [F U Ni R
THEANTH > THIRTHEEDEWD RITE FIREBICRE B L TV,

EHIZ, 20O Ni HETRICEH» S ROVERZAM LT, SERZHM LS A% v o Uiz f#Eik
TIIRARER23E 2, RSN RIS NBIZ Sz, A% v VRIE CEBEBRO R INED Y | R aEK
DEEL—F LT, 2%V, EEBOBEFEIN fecc(111) FEE~EEEE L T, A% v UM Tbivi-4e
TOERN— R E S R VREBAENE R T2, ZORENS ., SR Eo Ni #iED 18 B I2iRWE
ZEIINT %A 2 LT, HEYER 72 bee—fec FREERE A X A = L AVHIBA L=,
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= - H— A0 TS ORI

W S0, R gAY, AERIsER Y, AR
(TIERBe@E |, —HEKRT?)
Engineering of 300 K single organic molecular magnetic junction
Toyo Kazu Yamada', Yuhei Yamagishi', Yukie Kitaoka”, Kohji Nakamura®
(Chiba Univ. ', Mie Univ. %)

H—0F 0O n B EHMMESRO 3dE T A Y AREBORROIAE L GIEIIH 27T/ 5 KT 3
ADFERIZMLEARF R TH L 1,299, B0l T 053 F & U TRRIRRE T TITbh T& 7,
WEZ BT BRI 2720 TH 5, LinL, ZRTRHEMANRT SA R LRBIR,

Fexld, BETHLEND ZERVWH— D FRREKESZFZBT 5720, BEmEHEIC X 2HE0 & A -
FOVEAEE (STM) 28R I K D EREZ M AB LY TR 21T > CX 7=, Fix OFM O P TR T
Fe (001) F5MICVEH L7z, FHRE LV | IR THK D T OEIEBD MR ST 5 Ag(001) FEIZEE~<, 47
F DW= VT — R OIEEFEEE)S 4 (50l EDO @AW E o= Th 5,

B0 NERTHEILB S TICRERBER ZERT 20 & T 572012, RFFE TIEESR b
v VEEREE (STM) Z 5 U7, BUBHMESRI T O ToORIEITBEEZEd, 300K TiT-o 72, H—HY
FELTCrEFR AXNVT I —DT7FZa T =241 H2Pe) 2 LTz, FIERBW L7012 HHRIC
WAV B EZE T CHEBIIEAS LT, B+ LU TEHEN SR DN 1%LL T D Fe (001) etk 2 1ER 5 7=
WIZT ¢ A HFE LR E S S, BEREZER, 870K T /LI ANy X 54T H Z &L CIHEEN
O e HAR R A 1570, TR ORI Z R LTz, 0.2 7015 % Fe (001) [ZZ8IE CTWe& L ST
BEL, BETH THH & L TR TE/o, SIM EHAIE ATV FIXEBE LW & %

AL SHICSIMESHC LA~ = 2 Lb—y g U EARBTZDE Lo -, FEFICHR < EEHC S
ALTWDHZ L 2R L, D

Fe (001)-H2Pc FE]DBEAE I, A D 3d #iE & 43+ D n BLEDE/ D IZEK T 5, STM EIC L5
dI/dV fHERAIE RS J O b o R UHE R BAEORASALIE 2 I T, Fe (001) FEAR 0 BE— 10y 1 D E 1R e
FEOHBUZKI LTc, AZ AT Y =200 b 0O 0EENE< SR EHAEERT 5, 7o b
SYENITEEC 4 SDOBIRBEY — 7 2R LT, HimstEIZo o408 —7 2FEL L, RS+
RETOBEBAFEE DA T =X LEMGI Ui, DEA B ARIEM T8k 3d #ul & LUMO BAHHASER L7V
—RIEL Y =XV X —(LEILT 7 T 50, ZEA L REMTITHEAEEA LW o e — I (&L~
U—IREEL R CIC2 D, mAE UM LT 3d & LUMO(FE 721X HOMO) 23 9 £ < H/2 D & 5 o4y 7 & b %
HERTIIE, ALBICAE U SBEEN—T A Z LD L 5 R REER b ATREL 725,

L Z DN

1) Y. Yamagishi, S. Nakashima, K. Oiso and T. K. Yamada, Nanotechnology, 24 &, pp.395704, 2013 4E.
2) A. Bagrets, S. Schmaus, T.K. Yamada, W. Wulfhekel, et al., Nano Letters, 12 2, pp.5131, 2012 4.

3) T. Miyamachi, T.K. Yamada, W. Wulfhekel, et al. Nature Communications, 3 %%, pp.938, 2012 4F.

4) S. Schmaus, T.K. Yamada, W. Wulfhekel, et al., Nature Nanotechnology, 6 2, pp.185, 2011 4. .

5) T.K. Yamada, Y. Yamagishi, Y. Kitaoka, and K. Nakamura, submitted.
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BFEAY— NV TCHET T T2 /= VREDETF AV REE

B RED*, AAATE gL (B ERRE, A T, ANB IR R @, (LN e, [y R g s>
(eI TR St b, X IR B R A, X TIERBERL SRl = Wb, e 5 = 2 P bT)
Electronic spin states of graphene/nickel interface investigated at atomic-layer scale
S. Sakai, Y. Matsumoto, S. Entani, H. Naramoto, A. Koide, T. Fujikawa, Y. Yamauchi, K. Amemiya
(JAEA, CROSS, Chiba Univ., NIMS, KEK)

XL &I

777 = 0E AT AL ZAOEEALE R RIEBEAR © UIREM RS MR 2 b e =2 R
HAWD100RX—2AMEE LTHEEENTWD, V772V ET A ADMRTIE, 7772 ~DAE
MOEARLT T 7 = VNDOAE U FEOBAEE NRINAT 5 A RHIEEINOEBENRETCH D, /77 =
YORAE EEMELE LTORETH D A CHLUEMAMERO/NS SROMROEEMEEZ R S RN 2 LI, RIREC
A ROHIENIE TRPMLETHH I L EZEW®T 5,7 7 7 = U ClERRFAEREO m)ICBEI N, Z &
bR A B AR OFEBUIL Y T 7 = o L MM EE & ORI A E U BEDIERNEIZ 2D TH A9,
AR TIE, HEA L EOTERIZRT T2 BB R AR 5720, 77 7 = VT S, ADFEARRET
bH7 77 = AMEERRIEOE A REE | B AT — NV OIRS fFREE AT DR S 53R X BEER
M Z&ME(XMCD) 3 t[1] & —EHEph KRB D A & AR He 723 B R EE M AR L TELD A E
Rl B R 2 R U723 A B i (R & R 2 B JihiEd 53 1%, SPMDS)[2] 2 vy TR~ 7z,

EBAE - Spin 0 30°, 0 60°

T BL22 1 C 600°C ISR L 72 BE SR 00 Ni(111) 7 (= 06
&:30 nm)IZAR P v A A (RITBRIAR) 2 IR L CL R SR —JRT '
DT 7 = (HEZ T 7 =, SLG)M Ni(111)F M % 524
T 5 L IC= X X v v Ll L7z SLG/Ni(111) 75
OB ERL L 72, 1R S50 XMCD 433 &% OY SPMDS Dl
ENL, ER U723 A B EmE IR L 1T o7,

ERER

R S 3 XMCD 43 Y6 [3]1 0% F . SLG/Ni(111) St ifi 2> & Fi
FJE OFEICT, Ni HIR DR 5 AL )7 153 1 N 7> B THEL T 1)
WL T D 2 ERH BN/ 572 (Figl), F£7=. Hifod Ni
JAF DBEAE— A > PRGN L D 20%1F S L7e, 0.05
—77, SLG (%, S Ni Jfi7J& & OFAEAERIC & vIsEIC [
5T Bn8 s ROBTRIENE(L LB A4 LS = o[
L AU VHUER AR OBRNELT D Z &R nnoT, o i o e P [y e
£ 512 SPMDS DAL, SLG 137 =L X LAULZBINT SAES SHEin e e A G Tl S0 A
Ni &G OA E ARMAE RO 2 L b L MRS T, K Mean probing depth, 4, (nm)
WFZECH B NT IR o T2 A R & O R EICH A 72 EF A Fig.1 Mean probing depth, 4,, dependences of
RIS R 60 BT IR e L SO S SO e
ROBRBETEICEEEZRIFTT I ENEZLN, /77 = the sample surface Preferable orientations of
v BTN ADFHAERIEORRER AT ~ O 2 s s D, E)huet-of-r?)?gggn;: caﬁhk?: %%duég?jn%rorén'gﬁcleapeelati\sg

magnitude change in the region of a few Ni
BE W atomic layers from the interface (4, < 1 nm).
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| Orbital O 30°,0 60°

0.06 i moment

Magnetic moment (y;)

1) K. Amemiya, Phys. Chem. Chem. Phys. 14, 10477 (2012). 2) Y. Yamauchi et al., Appl. Surf. Sci. 169-170, 236
(2001). 3) Y, Matsumoto et al., J, Mater. Chem. C 1, 5533 (2013). 4) S. Entani et al., Carbon 61, 134 (2013).
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FeAl & &2 81T 2 WU ED B L — P — e AR

B AR DR SRR PR i R e
IERAEL, LR TR~ T | ***JERE A, bR )
Irradiated laser wavelength dependence on magnetic properties of an FeAl alloy
Y. Yoshida***, S. Watanabe**, H. Kaiju***, J. Nishii*** and K. Yoshimi****
(*Hokkaido Univ. CRIS, **Hokkaido Univ. CAREM, ***Hokkaido Univ. RIES, ****Tohoku Univ.)

X LI

BT, &L FesAlyg B8R MEIZT /B SV AL —F—%2BT 5 &, ZOREFENA N7 1 T &I
ZALT 5 LIRS, BN W R DRBE I T Z L 26T LE[L]l, &6, ZTOARNIA T
151 FeAl B4 DOREKFFEZ £ 0 BRI To 55 R ML OIS DS REBERS B E T L TRl T& 5 Z L 2D
M L72[2), ARFZECIE, /B2 L —H—G L= A b T 4 T FeAl 8128\ T, Z ORIAFRHE
ORGP L — =l RIRGFEERRL 2 E Lz,

EBF I o s
Fes,Alyg A& EE~DF /) /UL 2 L—F—MRE 21T Nd:YAG § 2o 927 182 7" ]
g 10p £ 10- i
POVA L =Y —E Nz, 2L AEIL 6 ns, #R0IRL VAR £ [ — £ o M;W
S0 2 Hz, /L RACE 200-300 /LA . T L L E o 1§10t ]
3 20 4 & -20F ]
FEHEIT 1.24 kP, 0213 365,532 nm & L7z, il T/ WEEART gl }

I
0 500 1000 POOO 500 0 500 1000

\z &iiEEﬁ'JEE¥EE1"ﬁfR(SEM) ?&ﬁ%{ﬁL@ﬁ(EBSD)\ Jﬁ%ﬁﬁ (b) Magnetic field (Oe) Magnetic field (Oe)
ﬁﬁ%ﬁmm@%%“toMﬂﬁrﬁﬁ BESEREAWSOES: oy %0

7 =5 RMOKE) i & IV 7=, S REIINEES 1 2 kOe, TN iﬂﬁ” N

IR 1% 0-00°, LM AR » b XBIE 3 pm, FIEIREE T
e L, .

Kerr rotation (m deg.)
Kerr rotalion (m deg.)

- I i I
3&)00 -500 0 500 1000 POOO 500 500 1000

%&F% Magnetic field (Oe) Magnetlc field (Oe)
LIz A b 71 7Hit FeAl B ORERAIIRA 7T, K 1(a) 1 A N7 ATHEE FeAl £46 O Kk

(L HRR(FR S L — #—&Ei@ﬁ%nm

EOb)iEEnEn L——JF & 532,355 nm TR L7- & & ok (b) 355 nm.

RThbd, 2T, WGEEEAOIZA T A TORFFH M &S

DRTAELEFR LT, M1@)d v 0=2.3° TIIREH S 570e T 5

1% T LIZRE L, 0=T3 TIRRREIH1190 Oe L 720 OOMAT B, G |
% 1(b) &V 6=8.4° TIZ{RRETI 93 Oe Th % = LITHL, 0=61°T

IXEREEI78 572 0e L 72 0 K& SHIKT 5. W 2 ICIRBEH OENE & |
I e fPhE R, SR AR T I L Rk 8 S00)
FERTHD, M2 X0 PREE) ORGEER AR IRERE R B £ § i
TR DRERRLE BN —BE2R T 2 L0305, MH T, of
HERSARATAS SN, K 0 PR BRSPS B2 A T 5, 0

Field rotation angle 6 (deg.)

2: DRSS DGRl fA KA,
L Z- PN

[1] Y. Yoshida, K. Oosawa, S. Watanabe, H. Kaiju, K. Kondo, A. Ishibashi, and K. Yoshimi: Appl. Phys. Lett. 102
183109 (2013).
[2] H. Kaiju, Y. Yoshida, S. Watanabe, K. Kondo, A. Ishibashi and K. Yoshimi: J. Appl. Phys. 115 17B901 (2014).
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B AR R & FEEAL Z2 7797 0-Cr03(0001) 7 R X %
HE|E AL S A T A DR

EAMERRS Y, At L PAHEEM?, BARERERY, B R, EA Y, SBETES haim—
1 RERRZF RSP LA gest
2 EHEEE RN RARSEE v 2 — (JASRI) /SPring-8
3 WE - MEMITTERERE (NIMS)

Perpendicular exchange bias using magneto-electric o-Cr,03(0001) thin film with boundary magnetization
Kentaro Toyoki', Yu Shiratsuchi', Tetsuya Nakamura?®, Shotaro Harimoto®, Satoshi Onoue?, Hikaru Nomura’,
Chiharu Mitsumata® and Ryoichi Nakatani*

1 Graduate School of Engineering, Osaka University
2 Japan Synchrotron Radiation Research Institute (JASRI)/SPring-8
3 National Institute of Materials Research (NIMS)

i

a-CrOg [ TEXREKN R LR THME L LT TEY, £, Cr AE N ¢ N CHREMERICESIT 2 Z
LD, a-Cr,05(0001) i3 k4l (boundary magnetization) % <3, Z 9 L7=H5 8% A 5 SRRtk %2 /i
W AZHRSA T AL, ()ERBEREIFIC & Zw*c?ﬁ&/*% TADAA v F o ZRARETH D Z &, ()5t
RET 7R AL TRELS LB LN L, BV L —=0 ZRRARERNZ ENTFHIERTWS YA,
T D 3 DDOREM: A RIRFIZ R L 72451 :irt,cu\. FRIZ, (DIZOWTIE, FHx TR R IO TR0 AR
B2 AN A T ADOSREEN T THH Z L 2R LTV AR 2, BRBENFIC K 2 Fif e
ALY DAL v F L ZIZONTIE, M7 A—T b & TRENHSOH LB H S 3. ABFZETIE, BR
WK RIZ LD NA T AL v TF o 7% EGHT, EFE 3 DORHEIZOW TR LI RIZON TR 5.
ERITtE

AREHERIZIEL, DC~ 7% br v ARy & Y v 7ikE v ic. fERL L 7 IO RERLIE, Pt (1.5 or 5.0 nm)/Co(0.5
or 0.8 nm)/Pt (0 or 0.5 nm)/a-Cr,03(120 or 150 nm)/Pt (20 nm)/oi-Al,O5-subs. & % . G RFMIZ X, S e T 1
BT, XSRS RHE 2 V-, BERURFMEREAG I 12RO Kerr 20 RAIE, IRENGUEHILEL 5T, 4R X B M
“falt (XMCD) I, B AR — VRhEHIE & V2. XMCD JllE T, SPring-8 BL25SU (2R W\ CTfThbiuiz.

Pt RimfE %2 0.5 nm A L7z EHZ B W T, BR E L HD 20— gng:c%ngﬁants&;ro?e =
[RIFFEIINC X % A @ H (ME-field cooling) #1795 2 & T, ) 15¢ = chim-SlNemcko
EH =8000 kV/cm-kOe 235\ CTAH/ A 7 ZAMNIE SN FEBL L, § 1.0 gy ,,,.e:&i“* ’“‘\
H =-8000 kV/cm-kOe TIIAZHLNA T ANRAFHANZHBLT 5. 3 L) |

(El) Thbh, HEAEOBIRAARIC Lo TR AT 00 —

ADBRIGESFARETH D Z LWyt &7z, Pt REEE  § 09 2 |
FHALZRWRETIX, BT 732 &GS MEICL > T S ot At TR
XMCD SRHEAS AL, SR SCRBENE A 2 73 I A ASpmx
HEWEL RET 7 3 A Lo TEE LAV, Sbig, A B e,
a2 HWT, BN A T AD N L —= U THREIE E1T o 725 Magnetic Field / Oe

=P 3 - N SN
R, oS TRRBRARN LSOO R PU e s b0 AHE g, BH 12
SLififE O AIZ L D Cr OFEIREEDZEAL, ME-field cooling Z51F & <t 7 2 8Kz LV 5. (RIRFAINA A
DOERLIZONT HIRRATETHAH. o7 2 00T, ETICA 7Y FEETNS.)

L Z- PN
1) K.D. Belashchenko, Phys. Rev Lett. 105 (2010) 147204., 2) Y. Shiratsuchi et al., Appl. Phys. Lett. 100 (2012)
262413., 3) X. He et al., Nature Mater. 9 (2010) 579., 4) T. Ashida et al, Appl. Phys. Lett. 104 (2014) 152409.
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51T LTz PtaFe RMBEIEIAIZ I 1T 2 58REME R X A o & RHHE S

AR, IE CEFR)
Ferromagnetic domains and exchange bias in tensile-deformed PtsFe antiferromagnet

Ryo Morita and Satoru Kobayashi (Iwate Univ)

[izt®ic]
L1 AURAIA 4 PtsFe 13 Thi~170K. The~100K 2B\ TENFN(1/2,1/2,00%, (1/2,0,0)% D FORBEIERE SIS REA
HEE T %, PtsFe SAIGAICMMER 2 M2 5 & BB Tl Z R LI, 2 L #EQ1D R TOT R0 ZRITFE S

BilTHE Fe-Fe 1t DAERKIC L D IR STV 5 ([2], Fio, REDOFIET M OBMLIEBR L V., Tha LU T TR HI%
DWACIMBRDBEIG N> 7 b T2 RS GRS v, WEME R A o > & RORiEE~ N U 7 2B O EVER O1FEE
PR SILTWD 3], 1> T BREEME R A A X ECQID TR EEHI AT 5 L HER S D 03, JREEHE R A A o4
A XBLOIRITA LIS 2> T, ARBFZETIE, PtsFe HAIGEICEB T D BALBTED J5 AT & & OIREERIFE
R DL T LR FREEME B A A OGRS, TERE. KON, RREME~ N Y 7 R L o BEAERICR LER DA E 5
25T ELEEME LT,

[EB 5]

FIIRRERIC K 0 MR 11.6% % N 2 7= PtaFe HLAL SR A W o, BifEdIE (100), (053). (035 % R E 5 1A(2 X 2
X4mm?) TH v . KllI7 1 0[1001235 8T AN KR T D, AR 5K, H RS 5T D54 T SQUID BEALMIELLHE IC X 5
BEAIE %17 - 72, Bk 11%[1001,[035]1 % & e m N ((053) M) . [100],[058] % & Teiii N ((035)E ) . [035], (05314 e
m ((Q00)E W) TITV, 22z lo35], (053], (0351 HDfMEE 61, 02, ¢ LEF LT,

[ERERB LOEE]

(2(035)ifi N THEAL (0 DA E{L S 72356 D ZFC %D
T=10K |23 F B R 2/~ 01 DN & o — g (FREED)
B ISR L (100107 S RE L L7285 A lc e K& R LTe, [k
FERIT 02 2R LI-HBEIC BB S, FiZ, H=1T T FC #1215
TR ERE R O | SSHES Ho(GSHRE G RIC K-> CRAE LT
ATV VA —=TOFIE, 01, 02 OEINE & HITHDT B, 01,
02>45" THINZEEL, £DH% 01, 02>70° THOREIIEDT S

M(emu/g)

FLRR IR L, THIRAIDT RO EEFORBAE R ALY L e ! —- —>[100]
S N Field(Oe)
PIRERRLI= SO EFLD0D. [ 1. 035 EMN(0 1) CRAL 11 & ZEAL ST 5 0>

—J7, P 6 DEALITHE LTI, IRBEN BOSHREIN S R T g, @ 00 W - 45° . A : 90°
FHEZRHESL Ao, ZOEIZ. 4 5o0%MAR4 NV H
(111D),(111),(111), ATDELFIT, (ZIFER CHERE SR TR FA A VRN MA L TN Z 2R LTS,

3 oo EF kb5 E [100], [085], [053N2RL L 728555122\ C Hep DIRFERFMEZ T2 & 2 A Hap 1KIRED |
AL EBITHRIIED L Tl ETRIEEr &R oTc, ZORRIE, BORBEIE~ U 7 20 Tha BLETEBIEREIC R 5
LI Ko TG PERT D720 IR TE D,

(&3]

[1] J. Crangle, J. Phys. Radium 20 (1959) 435.

[2] S. Takahashi, Y. Umakoshi, J. Phys. F: Met. Phys. 18 (1988) 1.257
[3] S. Kobayashi, S. Takahashi, Y. Kamada, H. Kikuchi. IEEE Trans. Mag., 44 (2008) p.4225.
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Cr, 05 T D A HLE A e 5 0 B8 Sl 1)

FHEW, EHEEELY, TRES, BRAK, SEHEME®, EEEE]
VALK KEFERE TEMFERL, 2 T D KBRSt JemBifibisg s % —
Voltage control of exchange bias of Cr,O5 thin film
T. Ashida', M. Oida', N. Shimomura', T. Nozaki', T. Shibata’ and M. Sahashi'
! Department of Electronic Engineering, Tohoku Univ.
*TDK corporation, Advanced Technology Development Center
[XC®HIZ
Cr,05 (2B W T, BARBEEI R Z AW TZE U & 2 BRI 2005 I EIWEAR Pin Bl Z2 fi L7z~ v 712

BOWTHEMTbNZ 2 0%, ZEREEZ RS- EEHATI2BREBROGTOEZE(LSEDLZLICLY
BHSEA R (Ho) D T A 2T 2 ME LR SN TVEC, EE50HE LNV ZHNTORE L R2->TE
D IHEE S AT D8R D b CrnO; HIEIZB W TEXM KN R ORBL L MR T 5 2 L MR OEE 72
STz, FEHDIL, Cr05 250 nm MBIV TR - B TIMAIRICESESIRIC & D Ho OFF 52
EHB LG 21T o712 Y. 2O T, Hy &0 BARBLI(H)D S5 K& < ¥ u s CHAb O S lin % fgad <
52 EEITE ol AL, FBAEORETEITV H OIKEAZ X D 2 & TERUC K D He Ol & B
AR L O THREEZIT .

EBRAE

AEHMERL L, BIEEZCEN 10°Pal FD RE~ 7 % b A8y
HAEE A WV CTIT o 72, BERERRIE, ALO; (0001) / Pt (25) /Cr,0;5 (250)
/spacer (x) /Co (1) /Pt (5) (nm) Th 5. BRFHEEL LT, HHEDIE
FEARAFPEDORIE S L ORE A — V2RI L D R-H #fRORE Z1T - A
7. BER— VDR OWEZIT O BE, #UBA 320K £ THELL, &
R EWR % E NI Evpre = -40 or 200 [kV/em], Hyere = +10[ kOe] F
AL CER - AR IREIZ T o 7212, 250K CHIE &2 T 72,

Vaug [norm.]
o

MEFC
=0~ +10kOe, -40kV/ecm
—8— +10kQOe, +200kV/cm

-1.5 -1‘.0 -OI 5 0.0 015 T‘.D 1:5

H [kOe]
Fig.1 Perpendicular exchange biased
hysteresis loop of Al,O; substrate/Pt
25/Cr,05 250/spacer/Co 1/Pt 5 nm at
250 K after magnetoelectric field

EERTER

Fig.1 |\ZER - WA H A% OEEEE S O R-H i 2 ~79. &

R EHEEOBEROHIF A% 180° b &5 Z LI2L Y Hy DK
& X7, Hey = -450[0e]2> 5 Hey =450 [Oe] & 2 b L=, Tk, EXL
ZENRIT L0 Cr0; DRBENETE— A > N D FANRZEL L Hey D 18]
DE - AFACENLIZZ 2R T O THDH. 4R, MABEEX
5 Z Lk H 214 (H.=50[0e]) L, EEEZNFEIC X bR
EWERT HZ LT PI LTz, 7272 L, HRIC B ER & R OFEER FE)IX, V71280V THE S v/ EH
ORI S0fEORES L7 ->TVD. Fz, HEOREKFHEORE/RNOHRE Yy OREI LV O
MEMEOYDREORE S Lo TS HEBENZ RSB A00 b EHEZ KBS E 50 ERH Y,
FORBEMERRE 2 L 0 S 2\ ESIT T BERH H EE 2 TN D,

S E 3R

1) P Borisov, et al., Phys. Rev. Lett. 9, 117203 (2005).
2) X. He, et al., Nat. Mater. 9, 579 (2010).
3) T. Ashida et al., Appl. Phys. Lett., 104, 152409 (2014).

cooling process in Hygrc = 10 kOe
and Eygre = -40 and 200 kV/cm,
respectively.
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Cr,04/Pt/Co #2351 % Positive exchange bias 7 ¥& 51

ML Y EmRh Y, FANER Y, BRRACK Y, SemErES, (EfEEcE
(AL RZE T, TDK Bttt ?)
Positive exchange bias in Cr,05/Pt/Co thin film
M. Oida?, T. Ashida®, N.Shimomura®, T. Nozaki’, T.Shibata? and M. Sahashi’
(Tohoku University', TDK Corporation?)

XC®HIZ

BERMKREAT HMENT, REBEEBELERBEROBRT A A~OISARYRF T, THFEE %
HEOTND., FTHHEH AL Cr0s IZ W THFZEEIT-> TS, CrOs it F— /L8 Ty (~307K) 2H7 5
SCBRBEMEIRTH 0, Cr05 & MBBMEE 2 CHFEA SED I LT, RERTHWAAT AEH/LENTEDH I L
NRESN TS Y, LavL, CrOs OBKEFTEN/NS W, AL 7 ANEHTE 2 RHIEETH
L7 0 yX U TRE Tl Ty D2 0 /NS RDGENRZ . Lo T, HiRfhiI CEXBSZFOBLINA
1TH51201F, TeZ TNEK ETHMEISEDLZ EBRRAIREZRD. IBEOHREND, Cr,0; & iRELIERE ORIC Pt
JBAFRAT D & AHIER T RN X —IJNHD L, Te BN LT 5 Z &R bho TS 2 [AED HiEEZ W T
Fx DFRT ToEBARRIZ & 25, ZSHNA T ZADEE L IR RHT D Positive exchange bias® & vy 9 Bl
DBEHlENTZ. 22T, SEFEL T PHHABOREELZ L VEEL FHX, Z O Positive exchange bias ® 1T
DWTEREMZT-.
RERAE

RF~ 7% bu A8y ZHEEZ VT, AlL,03(0001)HAx i Pt (25
nm) / Cr,05 (250) / Pt (to) / Co (1) / Pt (5) & BRI L 7=. Pt i AJ& D tp, ! F——
1Z0~136nm TH 5. FEiEMH D PtiX 873K, Cr,031% 773K, =D 0 . fﬁl\L—
- PUCOIPt 1% 423 K 12T, MEEAT-7-. RSO FHIT SQUID Negative Hex
Z Wz, Cr03 ® Ty~307 K X 0 &V 340 K 725 50 K & CRESG H R A
ZHi L7-%%, =10 kOe D& T M-H H#ROME 21T~ 7=, B HH

ex

Exchange bias H_ (kOe)

AW 2185 Hi 1, 0.1~30kOe TH 5. 31 Out of plane
@100 K
wREER “ Hic = 10 kOe
Fig.1 |2 100 K (2331 % 2 Ha A 7 A D PtH A& AR T 2 /R 7. 0.0 05 10 15
Hi 1X 10kOe TH5DH. ZOM»ES, PHEABZELS LT & agfn Insertion Pt thickness ¢, (nm)

AT ADKHEDNS oo TS Z &P oTz. £, PURAME  Fig. 1 The inserted Pt thickness dependence on
N1 M AR TR A T 2D N ST A7) IE S ~ZE b 5857 Hecat 100 K after field cooling with Hy, = 10
N . . . kOe. Lines are guides to the eye.
BIS NI, ZORHNAA T ADF N D PHFAJBIFE tey= 1 nm
FHEDY T ATDNT, I NSA T AD He IRIFEZ TR TR &

T J @100 K
Fig.2 12T, X TOH T MI DN T He B/NS VRS, @EOA § 101 @ g o
FIOZH AT AER L, e BRE <D LIRSS 52k, Ty o)
B SA T ZADHESHEN K E WY FIINEE, A8 A T R & IESIH 2 0o
ICHEZBDILER Ho SR E D Z L ibhotz. ZhbofRr, S 14 J
RS R HIBILIZ 51 T Cr0s DR A © Y DR E IS § 0]
. N [Ty Y - o ot =091nm
PERE DBEALTT IR 720 T/ <, CryOg B AR IMIHER 2 b 528 2 521 T u% 101 ° lzioomm
HIEEREBELTND. 5 T 0 - %0
Cooling field H,_ (kOe)
BEI o
. : Fig. 2 Cooling field strength Hy. dependence on
1) Y. Shiratsuchi et al., Appl. Phys. Exp., 3, 113001 (2010). Hq, of the sample with Pt insertion layer
2) Y. Shiratsuchi et al., IEEE Trans. Magn., 47, 3909 (2011). thickness tp; = 0.91, 1.00, and 1.18 nm at 100 K.

3) J. Nogues et al., Phys. Rev. Lett., 76, 4624 (1996).
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Observation of Neel temperature of Cr,O3 in Cr,0;/Co exchange coupled system

S. P. Pati', N. Shimomura', T. Ashida', M. Oida', T. Nozaki', T. Shibata® and M. Sahashi'
(Tohoku University', TDK Corporation®)

Magnetoelectric chromia (Cr,0;) has a potential for application in development of low power consumption high density
storage devices due to its electrically switchable magnetic states”.However, the antiferromagnetic ordering temperature
of bulk chromia is just above the room temperature (Ty=307 K), which restricts its practical application and hence it is
required to enhance the Ty. Previous reports suggest that the Ty can be enhanced by inducing strain and doping in
Cr,05>Y. The detection of Ty and its distinction from blocking temperature Tg is sometimes difficult in an exchange
coupled multilayer system. Since the exchange coupling adds unidirectional anisotropy (Hgx) or uniaxial anisotropy
(Hc), in Cr,O3/Co exchange coupling system, Ty can be estimated by investigating temperature dependence of total
anisotropy (Hgx+Hc). However to check Hgx and H¢, we have to measure a number of M-H curve, and it is time-
consuming. In this work, we propose on the direct detection of Ty by M-T measurement. We also detect change in Ty

due to lattice distortions from the M-T measurements.

Our specimen is a layered heterostructure of Al,0;<0001> substrate/Buffer layer/Cr,O53 (20)/Metal spacer/Co (1)/Pt (5)
in nm. We have fabricated two samples having Fe,0; (20), Pt (25) as buffer layer and one sample without buffer layer.
Different buffer layers are used to control Ty by inducing lattice strain. Cr,O; is deposited by using reactive RF
magnetron sputtering from a metallic Cr target in Ar:O, atmosphere. Out of plane magnetization measurements are

carried out by using a SQUID (MPMS XL7) magnetometer.

Figure 1 compares (a) the temperature dependent total anisotropy

-
N
.

(HextHc) and (b) the temperature dependent FC magnetization of Fe,O4

buffered sample. FC magnetization measurement is carried out with an

H_ +H_(kOe)
) B
AN
/|

| 4]

v

application of external magnetic field of 200 Oe. In Fig. 1 (a), the = %gz(b) e ® FC ]
enhancement of Hex+Hc is observed below 270K, which is assigned to i 121 I ¥

the Ty of Cr,Os5. In Fig. 1 (b), a sudden drop in FC magnetization is 5 * H=200 0¢ 1
observed at temperature around 269 K, which is identical to the Tx. = 4;; 50 100 1é$ ( Kz)du 250 300 3:50

Above Ty of Cr,03, the AFM order destroys, which results in the change
Fig 1. Temperature dependent Hc+Hgx(a)

of perpendicular magnetization in exchange coupled system. Same  and FC magnetization(b) of
AlzO3/F6203(20)/Cr203(20)/metal

behaviors are noticed in the samples with Pt buffered and without buffered spacer/Co(1)/P((5)

samples. In the former case, the observed Ty is 294 K, while the latter has

284 K. These results indicate that we succeed to observe Ty of Cr,O; from M-T measurements. In all cases obtained Ty
is lower than the bulk value which is mainly due to the reduction of Cr,O; thickness. The difference in Ty for each
sample may reflect the lattice mismatch induced strain. With increasing in-plane lattice parameter of buffer layer,

observed Ty of Cr,03 become smaller. This behavior is in agreement with the theoretical calculation results?.

Reference

1) X.He etal. Nat. Mater., 9 (2010) 579.

2) Kota et al. Applied Physics Express 6 (2013) 113007.
3) Sai Mu et al. Phys. Rev. B, 87 (2013) 054435.
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20 nm Cr,0;3 (Z331) B BERHL /A T A DFEIC L il

THIER ', S.PPati', BRliAOK', LEHEME, FeiEBGE !
GRAE R ', TDK B4t ?)
Controlling Perpendicular Exchange Bias in 20nm-Thickness Cr,O; Thin-Film
by Lattice Strain Control
N. Shimomura', S. P. Pati', T. Nozaki', T. Shibata” and M. Sahashi'
(Tohoku University', TDK Corporation®)

EL&HIS
Cr20s ITEXMKN R Z R T OBMMEARTH L Z ENMLNTE Y . CroOs/f8EE Mg U mIZ 31T 2 TEE A
B T AR (He) ZANPETIC LY R RETH D 2 L BEBRINTIREINT WD, Z D Cre0s DEZHE A
T ADOFEBRIEET v v & ZIEE Te) L Meiklejohn-Bean D AZ#aRER R ITHET T /2 L < GV, T A HLfE
AT RNF —J & ORI R R T ET A T —RKartaD) OB I L > Tk E D, DF V., Cro0s DIEE N
72% & ToldEAd LT LEW, EEOJSHIZE W THEEN B, #1213 50nm LT Tid Tl Cr20s D%
—RBOTRSfHENHFE LMK FLTLE S, HOEETEW T T 2 720121%, Cra0s Offfb iR 52
Tt F—Kar Z M S E L MNEDR B 5, Cre03 IO Kar [T FEIC L > TEILT D LW ) VYD
LT Emb, AN, FERORR DA DNy 7 7 BICHEEL 20nm £ TEB S ®72 Cre0s 254 L |
A EOEBIZ L DT 2 HNA T AD T DEALZFH~TZ,
EBRTE
2T OREHE c-ALO; JEH LIZ RE-DC = 7% b1 Zo8y ZHEEIC X - TERL L 72, R IT c-ALO;
sub./Pt 25 or Fe,05/Cr,05 20/metal spacer/Co 1/Pt 5 (nm) T& 5, Cr,0s. Fe203 PXERRIEE 500°C CRIE L 7=, %
EFEMIC 1L, X #REPF(XRD) & Wi TEM HIE 2970, BRI REN I 1%, BEEE T3 (SQUID) & v
72o SQUID HIE T2 CTHEEEE H M T, 77 Cr0; @Z“*/Wm}_'_(307K)J: 0 S5yl Cd D 340K F TH-
BL7-%., +1T TORBSGHHHZHN L. 10-340K ORI CRIE L7,
EEER
Cr,0; DFEE D 20nm D565, Cry05/Co S DAL NA T AL ERE IR (10~340K) 12072 > THILH T,
Co DIEBESI DM D HHER SN D(Tg< 10K), Pt & o728 )@ A~—T—J@% Cr,0550/Col (nm) A HIZHHFA
L., REAZHEAET AT —OMS 2T 2L T T2 m ESE2 HFEMRESNTEY P, KHF5EICE
WTHREROTET, LV EEOHW Cr,0; TH Ty Z28LHIT
x5 X912 L7, Fig.lIZ c-AlLO;5sub./Pt 25 or Fe,03/Cr,05 1500t
20/metal spacer/Co 1/Pt 5 (nm) |ZF\F 2 AZH A T AR DI 1250/ —o— ::Zzéi oo pufer
JERF A RS, Pt/Ny 7 7 & Fe203 /Ny 7 7 DX AL T
AREFIIFREETH DN, Pt Ny 7 7 M H L7254 Tl
B2 150K £ TTHLDIZH L, Fe03 3y 7 7 ZfiH L7245
A Tl Cry0; @ T IE=IRAFIT D 260K F TR/ A T AW
FEL Tz, 20O TB OEWVIE, K TEDOEANIZLD Cr0;
DGR B ITEDOZEANRR TH D EE X HdH, XRD B % S0 100 150 200 250 300 350
Y O E TEM 80 FFT M52 5B H L7 Chos O ca il Temperature (K) ‘
. . . [Fig.1] Temperature dependence of exchange bias
Fe,03 3y 7 7 DB/ E L 7o TEY, CrO; D a {23 field in c-AliOs sub/Pt 25 or Fe:03 20/Cr:0s
EXNAHEICRTFERNFEIATNS 20/metal spacer /Co 1/Pt 5 [nm] thin film system.

ZE TR

1) J. O. Artman et al., Phys. Rev. 138, A912 (1965)
2) Y. Shiratsuchi et al., IEEE Trans. Mag., 47, 3909 (2011)
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