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Transport and magnetic properties near a field-induced orientation phase traf@Ri9rfrom the

easy to the hard axis in the magnetization of antiferromagnetically coupled epjfeaid100) ],
multilayers have been studied. It was found that in the vicinity of the OPT both the amplitude of the
magnetic susceptibility anomaly and the relaxation rate of the magnetoresistance change
dramatically below a few Kelvin. These observations, together with the previously observed strong
reduction of zero-field magnetic losses at temperatures below 5-7 K, indicate a qualitative
transformation of the magnetic dynamics in Fe/Cr multilayers at very low temperatur280®
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Recently, a number of unexpected phenomena have beeally coupled multilayers the total magnetization is very
reported to occur in antiferromagnetically coupled magnetismall due to nearly complete compensation. Therefore, direct
multilayers at very low temperatures. One example is anagnetization relaxation experiments give a reduced signal-
magnetic-field-tuned quantum phase transitiQ®T) at very  to-noise ratio in comparison with magnetoresistance relax-
low temperaturesnear the region of the field-induced tran- ation. A recent magnetic after-effect study at very large time
sition between antiferromagnetic and ferromagnetic order irscales(up to 1@ s) in Fe/Cr multilayers revealed some fea-
Fe/Cr multilayers. Another example is the unexpected betures in the ultralow-frequency magnetization dynamics such
havior of the low-frequency magnetic dynamics of antiferro-as BC domain rotation at ultralow temperatuites.
magnetically coupled multilayers—a property poorly ex- Here we compare magnefiac susceptibilityand trans-
plored up to now. An investigation of the magnetic port (high-resolution low-field magnetoresistance and resis-
susceptibility of epitaxial antiferromagnetically coupled tance relaxation properties of[Fe/Ci,;, multilayers when
[Fe/CK100 ;o multilayers reported a dramatic change in thethe magnetic field, which is applied along tHg.0) direction
low-frequency magnetic losses at temperatures below 1o Kli.e., along the hard axi$HA)], induces a change in the
The origin of these unusual phenomena remains unclear. Ongagnetization orientation of the coupled Fe layers from the
of the possible explanations could be quantum tunneling besasy(H <Hqpy) to the hard(H>Hgpy axis.
tween two degenerate opposite orientations of the Néel vec- The magnetic properties have been studied by using the
tor (equal to the difference between the magnetizations of thgc option of a physical properties measurement system
two sublattices which may occur at zero field in antiferro- (PPMS (Quantum Design and measurements have been
magnetically coupled nanoclusters formed by neighboring Felone at different temperatures above 2 K, with ac drive fre-
layers within the multilayers. quencies below 10 kHz and drive amplitudes below 4 Oe.

The magnetic dynamics in epitaxial Fe/Cr multilayers The dc electron-transport measurements were carried out in a
may be also probed at fields close to the orientation phasganis magnetic system. dc electrical resistance was measured
transition (OPT) between the easy and hard axes. We wergy [ithographically patterned multilayers with a Keithley
able to detect precisely from the relaxation measurements 2182 nanovolt meter at a rate of one data point each 4 sec, on
noticeable change of the magnetoresistance near the OR{mes up to 2000 sec, by using the four-point method, and
due either to a change in the average angle between coupledlanging the electric current polarity for each data point in
layers or to a rotation of the magnetization of biquadraticallyorder to suppress thermoelectric effects. In this way we could
coupled (BC) domains(or caused by both factorsin the  getermine the relaxation of the magnetoresistance, and there-
case of ferromagnetic systems, previous direct magnetizatiogye of the magnetization, with a precision better thaf®10
relaxation measurements have proved to give rich informaa| the studied [Fe/Cil;, multilayers were grown on
tion on magnetic dynamicsHowever, in antiferromagneti- MgO(100) substrates and had Fe thicknesses from 12 to 30
A and Cr thickness of 12 A, corresponding to the first maxi-
¥Electronic mail: farkhad.aliev@uam.es mum in antiferromagnetic coupling, providing a giant mag-
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FIG. 2. Magnetic ac susceptibility at three different temperatures with the
applied magnetic field along the hard axis. The right inset expands the data

FIG. 1. Magnetoresistanc@nd its derivative at 50 mK, insenear the in the region of the OPT. The left inset shows the amplitude of the maxima

orientation phase transitiogf©PT) at two different temperatures. The lower . - .
inset sketches the relative orientation of the magnetic axes and the appliﬁlgrt:(feorretisllc??jﬁ'fgIet:teascuZ(r:i(\elgtll‘elelgjgr?g;;he OPT as a function of tempera-

magnetic fieldH.

10 K the normalized relaxation is nearly temperature inde-
netoresistanc€GMR) of about 100%, and saturation fields penden[, being |ogarithmic in time and smaller thaﬁ“lBy
corresponding to the field-induced parallel state of about 1Q;sing a Hall probe we have proved that this relaxation is
kG at 10 K. Details of sample preparation and characterizamainly due to the relaxation of the magnetic field of the
tion can be found elsewhefe. superconducting magnet in the persistent mode, which is

First of all we show in Fig. 1 typical data of magnetore- |ogarithmic with time. Therefore, at temperatures above 10 K
sistance in the applied magnetic-field range close to the orithe main factor contributing to the relaxation is not the mag-
entation phase transition measured at two different low temnetization proper but a small variation of magnetic field
peratures. The inset presents the derivadiRédH at 50 mK,  dH~ (-Int) resulting in the anomaly in the relaxation rate
clearly indicating the strong variation of the resistance in{dR/d(In t)] similar to the anomaly in the derivativelR/dH
duced by the change of orientation of coupled Fe layersof the magnetoresistance near the QB@e inset to Fig. )1
Interestingly, the OPT has been observed both for increasingaving in mind that the form of the derivativéR/dH re-
and decreasing magnetic fields, but its position was some-
what hysteretic. This behavior was also confirmed by the

”
magnetic susceptibility measurements presented in Fig. 2. As s z 110

in the electron-transport data of Fig. 1, the OPT is clearly v.;’ g P .
observed in the magnetic susceptibility both for increasing = S - /

(low maximg and decreasinfarge maximamagnitudes of % 107 ¢
magnetic field. We have found, however, that only for the 4 ’

field-induced OPT(increasing field a strong change in the N 1 T(K) |
susceptibility anomaly occurs when the temperature de- 1x10™ 0 20 40 60 80
creases below 10 Ksee inset which shows the correspond-

ing amplitude of the maximum in magnetic susceptibjlity

while for the OPT occurring when reducing the magnetic

field, this anomaly is nearly independent of temperature.

Next we shall compare the changes in the ac magnetic —e—30K
dynamics with magnetic relaxation observed via magnetore- o
sistance. We shall concentrate on the relaxation rate mea- 0 N\ e
sured near the field-induced OPT. For the magnetic field . - —
along the easy axi€Ll00) the OPT was absent. 500 H(Oe) 1000

Figure 3 presents the variation of the relaxation rate of
the magnetoresistance when the magnetic field is tunedG. 3. Normalized magnetoresistance relaxation fafé/d(In t)JR1(0),
: : ; with the timet in seconds, as a function of the magnetic field near the OPT
throth the OPT after .CyC“ng it each time betweenfor different temperature@~C stands for field coolgdThe inset shows the
+2000 Oe, and fixing the field with the permanent supercongependence of the relaxation rate on temperature for a fixed magnetic field

ducting switch. We have observed that at temperatures abovear the OPT.
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mains nearly the same for the whole studied temperaturenly a reduction of the ac susceptibility near the OPT. Also
range, a qualitative transformation of the relaxation rate verthe change in the coercive field is nearly steplike instead of
sus magnetic field with a maximum above 10 K to a mini-the expected square root on temperature dependence for
mum below 3.5 K indicates an increase in the relaxation rat@anoparticle arraylsalc:HC(O)(l—consl\;‘T.7 Finally, we note
of the magnetoresistance proper, due to the appearance tatt large antiferromagnetic coupling with better-defined
low enough temperatures of new relaxation channels in th©PT (better epitaxy and reduced structural/magnetic disor-
magnetization near the OPT. den increases the change in the relaxation rate at low tem-
We have also studied the influence of the degree of anperature.
tiferromagnetic coupling on the magnetoresistance relaxation  Alternatively, the essential change in the magnetic dy-
(not shown. For the[Fe/Ci;, multilayer with the largest namics of antiferromagnetically coupled Fe/Cr multilayers
magnetoresistanc@bout 120% at 10 Kthe OPT shifts to  at T< 10 K could be due to a classical-quantum transition in
higher magnetic field§Hopr of about 700 Op The relax-  the escape rate of antiferromagnetically coupled Fe/Cr/Fe
ation rate near the OPT is small and also weakly dependeRjanoclusters forming multilayefsSuch field-induced transi-
on the temperature between 250 and 10 K, increasing in 1-#on is predicted to be even of the first order for large enough
orders of magnitude below 7 K. The sharper OPT allowed ugarriers® This could provoke a well-defined onset of en-
to follow the corresponding coercive fieltt.) as a function  hanced magnetic relaxation and smearing of the OPT in the
of temperature. We found thad,, being practically tempera-  ac susceptibility near QPT. Such explanation is strengthened
ture independent above 10 K, shows a notable, nearly stefyy the previous observation of a sudden decrease of zero-
like increase of about 15% below 10 K. [ke/Cil;o multi-  field magnetic losses belo7 K in antiferromagnetically
layers with reduced antiferromagnetic coupli@MR less  coupled multilayer’s and the absence of strongly
than 15% at 10 Kwe fail to observe any indication of an temperature-dependent relaxation in uncoupled multilayers
OPT. This could be caused by the reduced epitaxy and erhelow 25 K® Many important questions, however, still re-
hanced interface disorder, suppressing GMR. At the samg3in to be answered. One example is the direction of the

time a noticeablé1%) resistance change at a small field nearchange of coercive field with the onset of quantum tunneling
20 Oe, most probably caused by anisotropic magnetoresigf the Néel vector.

tance(AMR), allowed us to follow the relaxation rate near

the AMR transition. For the uncoupled Fe/Cr multilayer the ~ The authors thank R. Schad for the preparation of epi-
magnetization relaxation rate was found to be only weaklytaxial Fe/Cr multilayers and A. P. Levanyuk, A. Fert, and W.
temperature dependent between 1.8 and 25 K with a terWernsdorfer for useful discussions. The work was supported
dency to gradually reduce logarithmic relaxation with de-by Spanish MCYT(MAT2003-2600 and CAM (07N/0050/
creasing temperature. Details on the dependence of the rela002.

ation on the degree of antiferromagnetic coupling will be
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