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The magnetization processes of antiferromagnetically
coupled Fe/Cr multilayers with two Fe layer thicknesses,
such as [Fe (40 A)/Cr (10 A)/Fe (20 A)/Cr (10 A)]y were
studied. These multilayers can be considered as artificial
ferrimagnets with finite numbers of layers. There are
substantial ~differences between the magnetization
processes for multilayers with even and odd numbers of
Fe layers, when the magnetic field is applied along the
easy axis. Because of the finite number of Fe layers,
multilayers with even numbers of Fe layers show the
surface spin-flop transition before the bulk spin-flop with
increasing magnetic field, since the end Fe layers are
subject to half the exchange coupling of the inner Fe
layers. By measurement of the magnetization curve and
the field dependence of the magnetic torque, the spin-flop
transition for samples was investigated, and the
exchange-coupling energy in samples with 2, 3, and 5 Fe

"layers was directly evaluated.

Key words: Fe/Cr, ferrimagnet, finite number of layers,
magnetic torque, surface spin flop, exchange coupling
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Fig. 1 Low-field state of the Fe/Cr multilayer coupling
antiferromagnetically with (a) equal Fe layer thicknesses
and two alternate Fe layers of different thicknesses: (b)
{Fe/Cr}y (N = odd); [Fe (40 A)/Cr (10 A)/Fe (20 A)/Cr
(10A)),+ Fe (40 A) and (c) {Fe/Cr}y (N = even); [Fe (40
A)Cr (10 AyFe (20 AY/Cr (10 A))s multilayer.

mstd, TDFe BOMKRE— X > MBIEH NI VIHET,
ms = MSHIN+D/2)+MSENI2) EFRENS, TS (3EUERE
B 0l dFedoDBET =404, =20ATH5. Fi, [§IH
VREETHA. FRIHI HHSBOWGRET— A~ M,
Fe BIIAOARIERITRES LTS &IUET 5 &, Fe(40 A)BD
BRE— X MRS, Fe 20 A)BOMGE— A » M
B & REATIENIAIT, me=MSH[(N+1Y2] - M.Sp[N2) &5
IN5. LIchi=T, 52517 Fe BOBREEIZN LT, SFm
L3 B R R LD

253

2 2

I EENEAE @
Nt

E18B. NABBOBAIEHEIC13 Thb, HRERTIE, 20

FLaAERE 0.33 (V=2),0.60 (V= 3),0.50 (N'= 5,043 (N =9),0.33 (V

=10)TH 0, HOIZE N ERAUIEIHES T 5. Liehi-T,

ZHhoDERNL, Fe BOWEE— A v MRS L

THEYD, NIRRT = VBIHEERE RS UTRN &b fe.

M, RE LIRS OMERE— 2 » b m 2FOT,

m/ {SH{IN+1Y2]+Su[NI2)} &85, N=2 {280 vTH 5%D 3

BB B NWIEERUTH S, DORINIERIZFe & Cr

DOFHEOHEP S OUIERER SIRT 5D EEL SN 3.
{Fe/Cr}o DRBEYHHRTIZ H = 1.5 kO THRULOBC AN/ —

M,
Mﬁ

73 {Fe/Cr} 1o TlE H=12kOe, 1.8 kOe D2 BB Hest x 17z

B MV 2 1B LT HIZIZE U Tafia &b aR L.
{Fe/Cr}o Tl Fe<5>1Z3% U TRHM AL SRR TH B72IZ, H =
1.5 kOe 1235U TRES & IRFAT4AIL VT e Fe (20 A)BORIEE
=AU NRRISAE 70y S B. —F{FelCrh TH, BEYA
) Fe BETOHESE LTS ETBE, RAIDFe20A) 80
A9 2 DDFe 0 A)EHEA LTHADITHL, EEO

1354

@) (®)
. 0.4 N=2 K
N=2 K =5.19% 10° erg/em’
M, = 1.80 kG 02 K, =031x10" erg/em’
0.5 ’
0.0 L
0.0
1.0 0.4 N=3
N=3 K, =5.13 10" erg/cm’
M= 171KG “//Yimxmx erg/em’
0.5 ’
0.0
S ]
.00 =
% 1.0 X4 N=5
3 N=§ ) K =4.83%10° erg/em®
- M, = 16T kG © K, 2020 X 10* erg/em®
§os A
§ S
£ .8 0.0 -
g M—*‘j
g 0.0 &
g1 kY We9
=9 = K, = 5.63 X 10° erg/cm’
M= 179%G 0 j/\:(s x10° erg/en’
0.5 |
0.0 R
0.0
10 0.4 N=10
K, = 4.96 x10° erg/cm’
L = 0.50 x 10° erg/em’
o oz |
0.0
0.0
0 5 10 0 5 10
H (kOe)

Fig. 2 Magnetization curve (a) and magnetic torque
(b) for {Fe/Cr}y (N = 2, 3, 5, 9, 10) multilayers in
fields applied parallel to the magnetic easy axis.
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Fig. 3 Numerically calculated results for (a) the
magnetization curve and (b) the magnetic torque of
{Fe/Cr}y (V = 9, 10) multilayers in fields applied
parallel to the magnetic easy axis.

k12 3 4 5 6 7 & 9
e DeDaDE Do 0e
e Da(DeCDeDe e
H:Z.UKOe v. »\)

Fig. 4 Variation of the Fe magnetic moment in

{Fe/Cr}y in fields applied parallel to the magnetic
easy axis.
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