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Ferromagnetic domains and exchange bias in tensile-deformed PtsFe antiferromagnet
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[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.

— 365 —



5aE -7 F38lA  HAR D FINGREMELE (2014)

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
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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
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cooling process in Hygrc = 10 kOe
and Eygre = -40 and 200 kV/cm,
respectively.
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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)
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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?.
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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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