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Negative spin-valve effect in CgsFess/Ag/(CogsFess)s,Gds trilayers
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Boite Postale 239, 54506 Vandoeuvre-ldancy cdex, France

J. C. Ousset
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31077 Toulouse ‘d&x, France
(Received 24 July 1995

A minimum of the magnetoresistance under low fields has been observed withggreg@g/
(CaogsFes5)50Gdsg trilayer at 4.2 and 300 K. This negative spin-valve effect is explained by the scattering of the
conduction electrons by the Co or Fe moments included in two different structures: a polycry$Golgee;s)
and an amorphous oféCos5F6;35)50Gsg]. The Gd moments allow one to control the magnetic configuration
of the transition-metal moments of the layers but are inefficient for the magnetoresistance. This interpretation
is confirmed by measurements using high pulsed fields.

INTRODUCTION Corning glass or adhesive kapton pasted on glass. During the
deposition, the substrate temperature was 20 °C and the pres-
A large change of resistanceR with an applied fieldH sure was less thanx2L0~8 Torr. A 100-A-thick amorphous
of a multilayer made of magnetic transition metald)(and layer of Si was first deposited at 150 °C on the substrates. All
nonmagnetic M) metals can be observed if the magneticthe samples were capped with a 200 A Si layer deposited at
layers are coupled antiferromagnetically through 8® 20 °C. The trilayers were deposited in the following order: Si
layer or, on the contrary, when they are uncoupled but pospyffer, CqgFess, Ag, (CossFes0)5:G ko, Si.
sess different coercive fielddts resistance is then maximum The MR has been measured with a four-point probe
when theM layers have an antiferromagnetic configuration athod (dc current intensity: 1 mA at room temperature

and minimum when they present a ferromagnetic arrangeith an electromagnet, and at 4.2 K with a superconducting

ment. This is due to spin-dependent scattering of conductiogo” cryostat. Magnetization measurements have been per-

electrons by the magnetic layers. A large slope\a‘vers_us_ formed with a squid magnetometer with the same samples.
H can be observed when thd layers possess an uniaxial

anisotropy? In the case of uncoupledl layers, different co-
ercive fields can be obtained by coupling one of the layers
with an adjacent antiferromagnetic layer,or by using dif-
ferent magnetic alloy8-2

The giant magnetoreSiStanECMR) effe.Ct obtained with Col—dex or FQ—dex a”oys prepared by Coevaporation
(CaosFess)/Ag granular alloys in a previous stutighows  are antiferrimagnetic amorphous alloys with a Curie tem-
that CqsFess and Ag are good candidates to study the spinperature steeply dependent on the concentrafiabe have
dependent scattering of conduction electrons. We have th%}epared a 100-A-thick layer dfogsFess),Gok, deposited
been interested in MR effect of multilayers made with thegn glass with a buffer of amorphous Si, in the same condition
same materials. GgFezs has been alloyed with Gd to obtain a5 the multilayers. Its Curie temperature is 380 K and its
a second magnetic layer with a lower coercive field. magnetization measured & K is M=1100 emu/cri These

The MR effect observed in GgFe;s/Ag/(CossFe3s)50Gts0  values are reasonable with respect to those of Q8d, or
trilayers is indeed a negative spin-valve effect since a minigg _ Gd, alloys®
mum of resistance is observed in low fields. This can be Th|s |ayer exhibits a uniaxia| anisotropy as Shown in F|g
explained by considering the antiferromagnetism of thej(a). The easy axis lies in the plane of the sample and its
(CogsFe35)50G s alloy and by assuming that the conduction girection is perpendicular to the plane including the incident

MAGNETIC PROPERTIES OF (CogsFes30)50Gdsg
AND CoggFess LAYERS

electrons are only scattered by Co or Fe moments. directions of evaporated Co, Fe, and Gd. The anisotropy field
H, measured in the hard direction at 30(iKdicated by the
EXPERIMENTAL DETAILS arrow in Fig. Xa)] is roughly 25 Oe. A detailed study of the

anisotropy field of such alloys as a function of the angle of
The samples have been prepared by evaporation dhe incident flux of Co, Fe, and Gd will be published else-
CogsFess alloy, Ag and Gd using an electron beam gun forwhere.
CassFess and two Joule heating crucibles for Ag and Gd. The A 100-A-thick polycrystalline CgFeys layer prepared by
(CogsFe35)50G 05 alloy has been prepared by coevaporationevaporation of CgFe;s exhibits also a uniaxial anisotropy in
of CozsFe35 and Gd. The deposited thickness was monitoreda direction perpendicular to the incident flux as shown in Fig.
with quartz oscillating sensors. The substrates consist df(b). The coercive field measured in the easy direction is 35

0163-1829/96/5(®)/50824)/$10.00 53 5082 © 1996 The American Physical Society



53 BRIEF REPORTS 5083
(a) 1000
200
o Fe, .Co o 500
5 (Fe35Cog5)50 g
g Oof 2 0
2 300K L
= = -500
-200 —e—easy axis
OO0 —Oo—hard axis -1000
—o—ooocssccoammd
1 1 L 0
1500+ (b) 3
1000 - Fo. C |
& €355 I
5 °00r -0.002 i
3 ol H !
§ 300K « i |
< 500 | & A I
= < ]
-1000 + .0.004 F | SOOK‘
1500 1 easy axis
Y h 4 . 1 1 [ 1 | | |
-100 -50 0 50 100 -150 -100 -50 0 50 100 150
H (Oe) H (Oe)
FIG. 1. Hysteresis cycles obtained at 300 K for 100 A-thick FIG. 3. Magnetoresistance effecAR/Rgy With Rgy

=R(H =500 O¢ and magnetization measured at 300 K with a
field applied along the easy axis for a {g6es/
Ag/(CogsFess)50Gas (100 A/80 A/100A trilayer (glass substraje

Oe at 300 K. The origin of such anisotropy in evaporatedC%SF% (100 AVAG(80 AV(CosFer)sGky(100 A)

magnetic layers is usually_ attributed 1o _anisotropic grains[rilayer. The field has been applied in the easy and in the hard
gr(_)wt_h or to magnetoelastic effettWe point out that this directions of the magnetic layers. We observe in both direc-
uniaxial anisotropy has been observed here for amorphoyg, s 3 gecrease of the resistance in the low-field range, of
and polycrystalline ?Iloys; it has also been observed for gne order of 1% in the easy direction. This indicates that the
pure epitaxial metaf’ change of resistance can be attributed to the scattering of Ag
conduction electrons by the magnetic layers, and hence to a
spin-valve effect; a change of resistance due to the aniso-
tropic MR effect of transition metals would induce a nega-
tive or positive effect for an applied magnetic field, respec-
AR R(H)—R(Ha) tively, parallel or p_e_rpendicular to the measurement curre_nt,
_— moreover, no significant MR effect has been observed with
Rsat R(H max) the single(CogsFe55)50G 05 layer. To our knowledge, such a

measured with a current parallel to the easy axis at 4.2 K, i§Pin-valve effect between a polycrystalline and an amor-

plotted in the field range-150<H<150 Oe in Fig. 2 for a Phous layer has been only once observed béfaith Co
and CoFeB layers. The very steep decrease of resistance

plotted in Fig. 2 for the longitudinal direction seems to occur
. for H=0. It indeed happens when the current source of the
superconducting coil is reversed. This may induce the rever-
sal of a remanent field which is of the order of 10 Oe.
The same MR effect is qualitatively recovered at 300 K as
shown in Fig. 3 but its amplitude is significantly reduced.
The correlation with magnetization confirms that the de-

amorphous(CogsFe;5)50Gdsg (8) and polycrystalline CgFess (b)
alloys deposited on amorphous @iass substraje

MAGNETORESISTANCE EFFECT

The magnetoresistance effect

(HmaXZZOO Oe,

AR/ Rg 4

-0.005

—o—hard axis
—e—easy axis

crease of resistance, observed when the field is decreased
from H,,. IS due to the reversal of th€CozsFe;5)5,Gds

-0.01 7 layer which has a smaller magnetization than thgsEas
, , . , , layer. We remark that the decrease of resistance and magne-
-150 -100 -50 © 50 100 150 tization, corresponding to the reversal of the amorphous al-
H (Oe) loy, occurs for positive fields. This indicates the existence of
a weak ferromagnetic coupling between the Co or Fe spins
FIG. 2. Magnetoresistance effect AR/Ry,, where Of the two layers which may be due to pinholes. It delays the

Rsa=R(Hmax=200 08, measured at 4.2 K with a field applied reversal of the CgFe;s layer which has a coercive field

along the easy and hard axis for aggFm;s/Ag/(CogsF35)50G s

(100 A/80 A/100 A trilayer (glass substraje

(=50 Oe¢ larger than the coercive field of the single layer
(=35 Oe.
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FIG. 5. Magnetoresistance efféd®{H) — Ry,.,/Rmax Measured at
FIG. 4. lllustration of the negative spin-valve effect. 80 K with a pulsed high field applied along the easy axis for a
CogsFe35/Ag/(CogeFe35)50G a5 (100 A/40 A/100 A trilayer depos-

This peculiar field dependence of the resistance can bg.q'on a kapton substrate.

interpreted as a normal spin-valve effect, within the two cur-
rents model, assuming that the maximum of the resistance . . . L .
olinium to destroy the spin-valve effect, as it induces spin-

corresponds to an interaction of the conduction electrons™ " . ) -
orbit scattering of conduction electrons which can be depo-

with the two magnetic layers in an antiferromagnetic con-I ed. similarl ﬁ hich lead
figuration. Moreover, if we assume that the conduction elec:aZed, similarly to a temperature efiect which leads to an

trons interact only with Co or Fe moments, we obtain the!lCrease of an intermixing of the spinand spin| and to a

theoretical field dependence of the resistance plotted in Fi ecrease Of. the spm-valve_ amplitude. In our case, it seems
4. In high positive field<1), the dominant Gd moments of that this spin-orbit scattering by the gadolinium moments
the (CoggFes) Gk, alloy are aligned in the direction of the does not significantly affect the observed negative spin-valve
field. Because of their antiferromagnetic coupling with GdeﬁeCt' . - .

moments, the Co or Fe moments of the amorphous layer are We point out that a minimum of the resistance for low
antiparallel to the field. The Co or Fe moments of the two'€lds hafg l4beer_1 already observed in  spin-valve
layers are then antiferromagnetically stacked and the resiépultllayers, ' bUt. its physical origin is peverthelgss differ-
tance is maximum. When the field is swept from positive oSNt I_n that case, I corresponds to an inverse spl_n-valve e_f-
negative values, the moments of the transition metals of thfae_Ct mt_juced by dlfferent_ spin-dependent scattering C(.)eff"
two layers are in a ferromagnetic configuration between th&'ents in the two magnetic layers, one stronger for spin-up
coercive field—H, of the amorphous layer and the coercive electrons, the other stronger for spin-down electrons.

field —H, of the CqgFess layer (2). The resistance is then

minimum. For a more negative fie[tbwer than—H,: (3)], CONCLUSION
the reversal of the magnetization of the gkl alloy in-
duces an increase of resistance. A negative spin-valve effect or a minimum resistance in

Within the hypothesis of the exclusive interaction of con-low  fields has been observed in £J6ey/
duction electrons with Co or Fe moments, the resistance i89/(CogsFe;5)50G s, trilayers. Thanks to the uniaxial anisot-
expected to reach its minimum value for very high fields ableropy induced by the preparation mode, we observe abrupt
to destroy the antiferrimagnetism of the amorphous alloy and¢hanges of resistance which can be easily related to the re-
to align all the magnetic moments in the same direction. Thiversal of the magnetization of the layers. The negative spin-
is confirmed by the decrease of the resistance for magneticalve effect can be explained by the scattering of Ag conduc-
fields up to 350 kOdFig. 5). tion electrons with exclusively Co or Fe moments included

Actually, no spin-valve GMR effect has been observedin a polycrystalline (CogsFe;s) and in an amorphous
with rare-earth ferromagnets. No spin-dependent scatterindCogsF6;5)5,G 5] structure. The Gd moments are inefficient
of conduction electrons is expected to take place in rare earttor the magnetoresistance effect but allow to change the
for which the split narrow # bands are usually far away magnetic configuration of the Co or Fe moments of the two
from the Fermi level. Moreover, one would expect the ga- layers in low fields.
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