The Magnetics Society of Japan

® - - - -

I GRbgk AR D P & IR OB

Close Relationship between the Physical Properties and Practical Applications of

Antiferromagnets

PEIEFON sURSEAEB TRk

K. Fukamichi, Graduate School of Engineering, Tohoku University

The Néel temperature, spin structure, magnetic
domain, exchange striction, linear magnetostriction,
exchange anisotropy, and elastic and electrical prop-
erties of antiferromagnets are discussed from the view-
point of their practical use in spin valves.

First, the concentration dependence of the Néel tem-
perature of Mn- and Cr-systems is reviewed. Next, the
spin structures of Mn-Ir and Mn-Pt alloys are pre-
sented as representative examples. Then, the magnetic
domains modulated by twins in a NiO single crystal are
compared with the huge domains in a pure Cr single
crystal. The AFE effect is explained in terms of the
linear magnetostriction, and the relation between the
spin configuration and the exchange anisotropy is dis-
cussed. Furthermore, the effect of pressure on the Néel
temperature is correlated with the spin structure and
with the spontaneous magnetostriction. Finally, the
electrical and magnetic properties of antiferromagnets
are discussed, taking into account their electronic
structure and stoichiometric composition.

Key words: antiferromagnet, Néel temperature, spin
valve, spin structure, magnetic domain, exchange stric-
tion, AE effect, linear magnetostriction, exchange
anisotropy, induced strain
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Fig. 1 Concentration dependence of the Néel tem-
perature for various Mn—X systems.¥™®
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Fig. 2 Thermal expansion curve of a MnsPt
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Fig. 3 Thermal expansion curve of the ag-axis of
a MnPt tetragonal alloy.®®
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Fig. 4 Spin structures of Mn~Ir and MnsPt

alloys.®®
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Fig. 5 Magnetic phase diagram of the Mn-Pt
alloy system and the spin structures in the
vicinity of the equiatomic concentration range.?
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Fig. 6 Magnetic phase diagram of Cr-based

alloys as a function of the d-electron concen-
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Fig. 7 Concentration dependence of the Néel
temperature of Cr—Al'* and Cr-Ga'®"1® alloys.

MBI ERFHL 72 2 ¥ V¥ E K (Spin Density Wave,
SDW) 28> MBI ERE FRHNMEEATH 3

SDW R#EEB ORI & EE5E 9 (incommensurate),

BEOEKTFCXYD, 122K TEEEE~, P VBERT S
B (AF) 52 v 7 ay PRE Te LIT TEITOREEK
(AFy) icEsf 3 5. Cr RELOMKERES L Fig. 6 1o/RT
O Ad-BETFHOE /LRI NEDE, bbb,
HFEIT Cr kv bEANAE T TR E R TR
THx—ViBEA FRE¥LIEDBTE, BRTOBRHEES
(commensurate) 93 R ¥ v Hik (AF) 13, BERIERE Tco
PETALS. CoMSMHERLD, EAM%EELSLE Mn,
Ru,Ir B ED#E%E Cr iimMT iRV, 7L, IRINE
WEWEBREERICRE5EPH 5D TEENPLETD
6 13)'

tio—EoERERBORMNE Bl Cr-Al ® Cr-Ga
ZNEHENS, Fig TiRRshdEHie, Thoo20
GERICBOTEHEBEMTE A — VEBESERICEL R
L1918 - BB IIEEBEBORMC LD 3d K v FE
DR L, Hich SELSERES NIREBICED, 207k
BTNV FIROERL D, RBEHESEELENBE LT

1064

(10¢)
70 ]
60 L i

50 + i
40 L FeO

30 | CoO J
NiO

20 + /A 4
10 + 5
0 a/ 1 1

100 30 S(I)O 700
Temperature (K)

Fig. 8 Temperature dependence of the linear

thermal expansion coefficient of NiO, CoO, FeO,

and MnO.!¥
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Fig. 10 X-réy Berg—Barrett magnetic pattern of
a NiO single crystal?® The arrow indicates one
of (110) axes on the cleavage face.
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Fig. 11 Sketch of the magnetic domain distribu-
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Fig. 12 Relationship of the atomic displacement,
the lattice constant, and the spin density wave
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Fig. 16 Pressure effect on the magnetic transi-
tion temperature of the MnsPt ordered alloy.*®
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Fig. 17 Magnetic transition temperature versus
pressure (10/3 law) for various compounds.*®
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Fig. 18 Temperature dependence of the electri-
cal resistivity of Cr—Al alloys.!¥
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