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Enhanced magnetoresistance in layered magnetic structures
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The electrical resistivity of Fe-Cr-Fe layers with antiferromagnetic interlayer exchange in-
creases when the magnetizations of the Fe layers are aligned antiparallel. The effect is much
stronger than the usual anisotropic magnetoresistance and further increases in structures with
more than two Fe layers. It can be explained in terms of spin-flip scattering of conduction elec-
trons caused by the antiparallel alignment of the magnetization.
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Giant Magnetoresistance of (001) Fe/(001) Cr Magnetic Superlattices
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We have studied the magnetoresistance of (001)Fe/(001)Cr superlattices prepared by molecular-
beam epitaxy. A huge magnetoresistance is found in superlattices with thin Cr layers: For example,
with 1, =9 A, at T=4.2 K, the resistivity is lowered by almost a factor of 2 in a magnetic field of 2 T.
We ascribe this giant magnetoresistance to spin-dependent transmission of the conduction electrons be-
tween Fe layers through Cr layers.
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Oscylacje oddzialywania wymiennego z
gruboscia warstwy niemagnetycznej (Fe/Cr)

30 -

N
o

AR/R (%)

Cr thickness (A)

S. S. P. Parkin, et al, Phys. Rev. Lett. 64, 2304 (1990)




J. Appl. Phys. 76 (10), 15 November 1994

Magnetoresistance and magnetization oscillations in Fe/Cr/Fe trilayers

R. Schad, C. D. Potter, P. Belien, G. Verbanck, V. V. Moshchalkov, and Y. Bruynseraede
Laboratorium voor Vaste-Stoffysika en Magnetisme, K.U. Leuven, Celestijnenlaan 200 D, B-3001

Leuven, Belgium

M. Schafer, R. Schéafer, and P. Grinberg
IFF-FZ, Kernforschungsanlage Jilich, Postfach 1913, D-52425 Julich, Germany

tce (ML)
0 2 4 6 8 10 12 14 16
+ H,(MOKE) " ,
* Apip, w0 i -I
600 | S r“ b
D s I 7 12 S
o ! - + t A e
S 400 f T % L. e et &
= -?; -t 1"} fer () 1?]-'
e | * . 11
200 g LR W strukturach metali
. e - przejsciowych wystepuja
0] ;f — :&;ﬂ.___ﬁ. —20 najczesciej dwa periody:
o (&) krotki (okolo dwoch
Cr plaszczyzn atomowych) i
dlugi (rze¢du 5-10 plaszczyzn)




PHYSICAL REVIEW B VOLUME 39, NUMBER 7 1 MARCH 1989

Enhanced magnetoresistance in layered magnetic structures
with antiferromagnetic interlayer exchange

G. Binasch, P. Griinberg, F. Saurenbach, and W. Zinn
Institut fiir Festkorperforschung, Kernforschungsanlage Jiilich G.m.b.H., Postfach 1913, D-5170 Jiilich, West Germany
(Received 31 May 1988; revised manuscript received 12 December 1988)

The electrical resistivity of Fe-Cr-Fe layers with antiferromagnetic interlayer exchange in-
creases when the magnetizations of the Fe layers are aligned antiparallel. The effect is much
stronger than the usual anisotropic magnetoresistance and further increases in structures with
more than two Fe layers. It can be explained in terms of spin-flip scattering of conduction elec-
trons caused by the antiparallel alignment of the magnetization.
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FIG. 2. (a)-(b) MOKE hysteresis curves and (c)-(d) magnetoresistance AR/ R=(R — R)/R; from Fe double layers with anti-
ferromagnetic coupling. Also, (d) displays the anisotropic MR effect of a 250-A-thick Fe film.
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We have studied the magnetoresistance of (001)Fe/(001)Cr superlattices prepared by molecular-
beam epitaxy. A huge magnetoresistance is found in superlattices with thin Cr layers: For example,
with 1, =9 A, at 7=4.2 K, the resistivity is lowered by almost a factor of 2 in a magnetic field of 2 T.
We ascribe this giant magnetoresistance to spin-dependent transmission of the conduction electrons be-
tween Fe layers through Cr layers.
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Wiasciwosci CIP GMR

. GMR spada eksponencjalnie z rosnaca gruboscia
niemagnetycznej warstwy, z sSrednia droggq swobodng
jako charakterystyczng dlugoscia zaniku

Z.aleznos¢ od grubosci warstw magnetycznych jest
bardziej zlozona - z maksimum przy pewnej
grubosci.

. GMR rosnie z liczbg warstw w ukladzie (do lacznej
grubosci porownywalnej z dlugoscia dyfuzji spinu)

. Defekty strukturalne typu ‘bulk’ i na granicach daja
wklad do GMR

. Oddzialywanie wymienne nie jest konieczne do

wystapienia efektu.
. Amplituda (maksimum) efektu nie zalezy od
oddzialywania wymiennego
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Layered magnetic structures: magnetoresistance
due to antiparallel alignment

J Barnas*, A Fuss, R E Camleyt, U Walz, P Grinberg and W Zinn, Kernforschungsanlage, IFF,
Postfach 1913, 5170-Jdlich, FRG
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exchange anisotropy field created by FeMn (EA). The current
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Geometria CPP (Current-perpendicular-to-plane)
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C Electrochemical deposition in
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* CPP GMR usually larger than CIP
e Characteristic length scale for the nonmag-
netic spacer 1s the spin diffusion length
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From giant magnetoresistance to current-induced switching by spin transfer
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‘Spin torque’ a magnetyczne przelqczanie

The transverse component of spin
current is absorbed in the interfacial
region and transferred to the spin
momentum of the layer

Without damping

With damping

P alignment
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Sy damping torque

current-induced
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Dynamika magnetycznego przelaczania
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Diagram fazowy asymetrycznych ukiadow
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Shaped angular dependence of the
spin-transfer torque and Mmicrowave
generation without magnetic field
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Poczatek elektroniki spinowe]

* Tunelowy magnetoopor

» Efekty magnetyczno-kulombowskie
(FM SET)

» Potprzewodnikowa spintronika

* Molekularna spintronika



Tunelowy magnetoopor
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FIG. 4. Magnetoresistance ratio as a function of applied voltage

at 42 K {open circles) and RT iblack dots) for a sample with

FIG. 1. (a) Schematic of the fabricated junctions (cross section). clusters of 2.5 nm mean diameter. r=2.7 nm and H'=14 am.
(b} Transmission electron microscopy ( TEM) plane view of a cobalt
cluster layer sandwiched between two Al Q5 layers depostted cn a
cartbon-coated microscopy grid (the diameter of the clusters range

from 3 to 4 nm). {c) TEM cross-section image of the same structure
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