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Negative coercivity in epitaxially grown (110) DyFe,/YFe, superlattices
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Molecular beam epitaxial methods have been used to grow single crystal Laves phaséYbgge
superlattice samples with €110) growth direction. Detailed magnetization curves have been
obtained for YFe dominated multilayer samplg¢svDyFe,/4wYFe,] X 16 with w=45, 50, and 55

A. In particular, it is shown that the formation of magnetic exchange springs in the magnetically soft
YFe, layers, can be used to engineer multilayer samples with a negative coercivity. Further, by
using asymmetric field cycling procedures, we have investigated the irreversible parts\vbf e

loop, associated with the switching of the DyFRaultilayers. © 2001 American Institute of
Physics. [DOI: 10.1063/1.1344594

Recently, it has been shown that the magnetic propertiesponsible for(i) the negative coercive field, arid) the re-
of epitaxially grown(110 multilayers of DyFe/YFe, can be  versible parts of the magnetic hysteresis loop. By way of
engineered with specific magnetic properties. In particularcontrast, the irreversible parts of thé—B loop are associ-
films have been produced witfi) magnetic compensation ated with the switching of the Dykédayers.
points! (ii) tailored coercive fields within the limits Details of the cubic LavesD{—F3dm intermetallic
Bc(DyFe)<Bc<w«, and (iii) model magnetic exchange compounds DyFgand YFe can be found in various review
springs, that scale closely withdf/, whered is the width of ~ articles(e.g., Refs. 17 and 18These compounds have high
the magnetically soft YEelayers® In this letter we will ~Curie temperaturesTc~600K), due to the strong Fe—Fe
show that by utilizing the properties of magnetic exchangeexchange interactions. The Dy—Fe exchange interactions
springs, it is possible to grow Ygelominated films with a  give rise to antiferromagnetic coupling between the Dy and
tailored negative coercivity. Such films should find applica-F& moments. The direction of easy magnetization is con-
tions in devices that require specified exchange bias fielddrolled by the crystal field interactions at tiRE site™® For
such as magnetostrictive and spintronic devftes. bulk DyFe the direction of magnetization ig001] at_all

The problem of inverted magnetic hysteresis loops, ifemperatures, whereas for Yfi is [111]. However, since

sputtered multilayer films, has been of increasing interest inf F€2 IS characterized by very weak magnetic anisotropy, it
recent yearg'-lz In the main. such behavior has been attrib-a" be considered magnetically soft. Recent work has shown

uted to “exchange-field biasing” across the interface be-Nat the direction of magnetization in Dyféhin films is

tween two layers, characterized by different magnetic hardt€mperature dependefitprobably due to lattice mismatch

ness and coupled antiferromagnetically. Examples éye: SUains. Nevertheless, at temperatures beto®00 K, the
CoO-Co composite film&’ (i) &-MnGalMn, Ga, A9/& direction of easiyzomagnetmauon in MBE grown DyH#ms
MnGa trilayer filme® (iii) Gd—Fe/Tb—Fe bilayer filmg(iv) ~ "everts to[001l.~ _ -
Gd/Co bilayer films® and (v) NiFe/TbCo bilayer films? We usgd a Balzers UMS 630 ult_rahlgh vacuum facility
Finally, it should be noted that a different mechanism, othef® 9rOW epitaxial DyFg/YFe, superlattice samples, by MBE

v e ) chniques:?° The films were grown on epiprepared (112
than exchange-field biasing, has been proposed in Ref. 12. Fsﬁapphire substrates (X2 mm) with a 1000 A(110 Nb

the latter, dipolar fields emanating from the hard magneticDuffer and a 30 A layer of Fe. The films were grown by

layers demagnetize the soft layers, giving rise to negative .
coyercivities 9 Y giving 9 codeposition of elemental fluxes at a substrate temperature of

. . . . 400°C in(110 orientation, with the major axes parallel to
In this letter, another mechanism for engineering . . .
multilaver samples with neaativ rcivity is demonstrat dthose of niobium. Given that the bulk lattice parameters for
uttiayer samples cgatlve coercivity I demonstrate DyFe, and YFe are 7.325 and 7.363 A, respectively, the

:.rl]nhke pre\;l_ous \:cvork, thlst.mech:;l]nlsm IS ba.ISEd prlrr:?arzll)‘/‘ Nmismatch at the superlattice interfaces is expected to be of
© p,r'oper I€s of magnetic exchange springs, WICh “UNy,q o1qer 0.506Ex situ x-ray diffraction studies confirmed
wind,” and ultimately disappear, as the applied field ap-

. ' . _ the single crystal nature of the samples. Superlattice satellites
= 13-16

proaches the C”_t'cal b_end_lng f'elB'_ The effect_|s were clearly defined and confirmed the programmed repeat

demonstrated using epitaxial, YJdominated, superlattices

_ B I\ distances. In addition, high resolution transmission electron
[WDyFe,/4wYFe,]x 16 with w=45, 50, and 55 A, grown 044 rements indicate an interface roughness of less than 10
by molecular beam epitaxidMBE) methods. It is shown

X ) / A.2! Finally, we note that the superlattices are strained, both
that magnetic exchange springs in the Yfayers are re- . heir coherency strain, and thermal expansion mismatch
with the substrate. For more details the reader is referred to
dElectronic mail: pajdeg@phys.soton.uk Ref. 22.
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FIG. 1. In plane[001] magnetization curves for the superlattice film FIG. 3. In plane [001] magnetization curves for the sample
[50 A DyFe/200 A YFe]X 16, obtained af =20 K. [50 A DyFe/200 A YFe,]x 16 at T=20K, for various asymmetric mag-

netic cycles(see text

Magnetic hysteresis loops were measured using an Ox-
ford Instruments Aerosonic 3001 vibrating sample magnetoef monolayers in the sprintf. When the applied field falls
meter for 10 K<T<300K and for fields of up to 12 T ap- below this value, the exchange spring becomes unstable to
plied along thg001] axis. A typical in plane magnetization the creation of the antiferromagnetic state shown in Fig).2
curve, forw=50A, can be seen in Fig. 1. For convenienceSince this state is characterized by a positive magnetic mo-
the magnetizatioM has been converted to Bohr magnetonsment~1.0ug, the magnetization goes positive even though
per average formula unit (yYdFe,). Note that in going  the applied field is still negative. Thus, thé—B loop is
from —12 to +12 T, the magnetization crosses zeroBat  characterized by a negative coercivBy=—0.50 T. Further
=—0.50T. Thus, the film in question is characterized by asupport for this interpretation can be gleaned from the prop-
negative coercive field. erties of exchange springs in Dyf¥Fe, multilayer

An interpretation of this data is summarized in Fig. 2. samples. Using the experimental data shown in Fig. 4 of
Here various schematic spin configurations can be seen, asrgf. 3, the predicted value of the bending fi@g is ~0.75
function of the applied magnetic field. In a large negativeT, for a 200 A thick YFe layer. This is close to, but not
applied field(—12 T), the minimum energy state is achieved identical to the measured coercivity B = —0.50 T for the
with the net moment of the Dykdayers(~7 ug per for-  sample in question. The difference may be due to penetration
mula uniy pointing along the applied field, as shown in Fig. of the exchange springs in the DyFkayers or interface
2(a). This means that magnetic exchange springs are necefsughness.
sarily set up in the thicker YRelayers. However, as the On increasing the field still further, the magnetic mo-
strength of the applied field is reduced, the Yleachange ment stays constant at1.0ug per formula unit, until the
springs unwind, until the applied field reaches a criticalapplied field exceeds a particular vaRgg (the irreversibil-
bending fieldBg.**"*° For a symmetric exchange spring ity field). Indeed, provided the magnetic field is not taken

(0°— ¢—0°) this bending field is determined by aboveBrr, the magnetization curve betweenl2 T and
2 Brr is completely reversible. This is a clear signature of a
BB:BEX( N) : (1)  magnetic exchange sprifd.'® However, wherB gy is ex-

ceeded, the system becomes unstable to irreversible flips in
where(i) Bex is the exchange field, ard) N is the number  the magnetic moments of the DyFayers, accompanied by
the simultaneous creation of magnetic exchange springs in
the YFe layers. Finally, when all the Dykelayers have
been flipped over, we arrive at the spin configuration shown
in Fig. 2(c).

By performing partial hysteresis loop measurements, we
have been able to probe the irreversible nature of the flipping
of the DyFe layers. This can be done by first saturating the
sample in a large positive magnetic figl¢t12 T) and sub-
sequently reducing the field 8,y , before increasing the
field back again to+12 T. The results of this asymmetric
cycling procedure can be seen in Fig. 3. It can be seen that

(a) (b) (© the degree of irreversibility is strongly dependent on the
Hard Exchange Antiferromagnetic Hard Exchange magnitude oB,,,y reached during this asymmetric magnetic
YFe; Spring State YFe; Spring cycle. For example, if the magnetic cycle is only taken to
Buin=—7T, the magnetization curve is practically revers-
B<APP<<O 0<_]3_’f_1’<.BIRR BAP_P»B ible. This suggests therefore that all of the Dykayers re-
6. 2. Sehemat i - ; s and exch main pointing in the positive field direction, during the
opiings inctheer["s"’g'/‘; rg}r/)'r%sl%g }\°$Spé]xfsmr§3|?fa§em$?';§ o rﬁ:; a"%hole of this asymmetric magnetic cycle. However, when

netic field is increased from a large negative to positive value. The largdN€ field is taken below-7 T, increasing numbers of Dyke

(smal) arrows represent D§Fe) magnetic moments, respectively. layers are flipped over, presumably layer by layer. A possible
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DyFe, illustrated in Fig. 4c). Further experiments, with fewer mul-
tilayers, are in progress to see if this interpretation is correct.
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