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Anisotropy of the sublattice magnetization and magnetoresistance
in Co/Re superlattices on Al ,05(1120)
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[Co(20 A)/Re(6 A),, superlattices were grown on a (IARsurface of a AIO; single crystal, with
the[0007] direction of theirhcp structure in the plane of the film. The Co layers were found to be
antiferromagnetically couple@®F), with a saturating field of 6 kOe. Polarized neutron reflectivity
was used to determine the direction of the sublattice magnetization. In zero applied field, the AF
moments are aligned along the[0601] axis. In a magnetic fielth perpendicular to the §6001]

axis, the sublattices moments evolve to a canted arrangement, with the AF component always
perpendicular to the field. Witk along the CE0001] axis, the AF moments flop in a direction
perpendicular to d@®001] axis. The spin flop transition is not abrupt, but can be described as a
gradual rotation that is completed at 2 kOe. The anisotropy of the sublattice magnetization is related
to the anisotropy of the magnetoresistance. This has the conventional dumbbell behavior with the
field applied perpendicular to the (D®01] axis, but exhibits an extended plateau ndar0, and a

slight increase up tél ~2 kOe, wherH is parallel to Cp000]] axis. © 1999 American Institute

of Physics[S0021-89709)18708-3

INTRODUCTION base pressure at West Virginia Universitirior to growth,

the substrates were acid etched and annealed in vacuum at

Recently, major computer storage manufactures began @75 °C. A nominally 50 A Re buffer layer was then depos-

use magnetorgsshye readfwrite heads tq Increase thg bit deirtléd at a substrate temperature of 560 °C, followed by the
sity in hard disk drives. Even larger gains are possible by

: . . rowth of the 20 bilayer Co/Re superlattice at 158 °C. Two
taking advantage of both giant magnetoresista(@MR) grow . : ;
and anisotropic magnetoresistariédIR) effects. GMR was nominally identical Ce20 A)/Re(5 A) superlattices were

: . grown for separate neutron diffraction and magnetization
discovered approximately 10 years agmd has been thor- o
N 4 . . measurements. The magnetization measurements were pre-
oughly studied in several multilayer systef$his effect is

: . . formed at room temperature using the dc magnetooptic Kerr
driven by the antiferromagnetic arrangement of the magneti- .

L ) . . . effect(MOKE). Transport measurements were carried out on
zation in adjacent magnetic layers of a metallic multilayer

systen® AMR, on the other hand, has been thoroughly Stud_samples cut to apprQX|mater><i3 m”?z squares at 10K in a i
. . ) . . 5.5 T superconducting magnet using a four contact tech
ied since the 1930'$In AMR the resistance with the current h

. LU nigue. The samples were characterized by low angle and
applied parallel to the magnetization is greater than the reﬁigh angle x-ray diffraction using Qier radiation from a
sistance with the current applied perpendicular to the Mag: - ting anode x-rav source
netization. For this reason, systems with in-plane anisotro- 9 y '
pies can be used to exploit AMR in technological devices.

Magnetization and magnetotransport measurements cdpESULTS

be used to determine whether antiferromagnéAE) cou- Fits of an optical modélto the low angle x-ray specular
pling exists, but these measurements are indirect. Neutrofflectivity gave an actual layer thickness of (@@ A)/Re(6
diffraction and polarization analysis gives a direct way toA) for the neutron sample and Q& A)/Re8 A) for the
sense the magnetic ordering of the sampis. study these magnetization sample. The thickness uncertainties wtete
effects, a system with an in-plane anisotropy and significanf the average interface roughness wa8.4 A for both

AF coupling is needed. For this reason, we chose a Co/Rgamples. High angle x-ray diffraction confirmed the superlat-
superlattice grown on a (103 Al,O; substrate. Both Co tjce epitaxy, with thg 1010] direction of Co and Re along

and Re havéxcp crystal structures and thdid001] axis is i the direction of growth, and in the plane [0001] axis lying
the film plane. For small Re thicknesses, the superlattice iparallel to thec axis of the substraté.

antiferromagnetically ordered. In addition, a small GMR has  MOKE measurement showed —H loops with no rem-

been observed previou$ijn (0001 Co/Re multilayers. anent magnetization indicating AF alignméhtg. 1). Notice
however, that in the loop corresponding lbic there is a
EXPERIMENT sudden change in the slope-at-1.1 kOe. Superlattices of

- the type[Co(20 A)/Re(15 A)] are uncoupled,with the easy
The samples were grown on (1ARAl,O; substrates, in  axis along th¢0001] direction. On that basis, it is reasonable
a dc magnetron sputtering system with a>31 “Torr  to surmise that ifCo(17 A)/Re8 A)] the sublattice magne-
0021-8979/99/85(8)/4436/3/$15.00 4436 © 1999 American Institute of Physics
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FIG. 1. MOKE hysteresis loops preformed at room temperature for th
Co(17 A)/Re(8 A) sample with the applied field, parallel and perpendicu-
lar to the easy axis, denoted by

friG. 2. (a) Integrated antiferromagnetic peak intensity &bodantiferromag-
netic moment angle with respect kbwhenHlic (®) andHLc (O). Inset

shows the direction ofi with respect to the AF momemi,—M,, where
M, andM, are the magnetizations of adjacent Co layers.

tization also points along th@OOl] direction in zero field, Mg as a function ofH. For theHLc case, a continuous
and it Spin fIOpS att1.1 kOe. Similar results have been transition fromMAFL atH=0 to MF asH increases is ob-
recently observed in Fe/&° and Co/CH multilayers. served, as expected in a regular antiferromagnet. Fdtiflee
Spin dependant neutron reflectivity measurements wergase, the SF transition betwebh,r, and M g, is gradual.
carried out on the Q@0 A)/Re(6 A) sample at Argonne
National Laboratory on the POSY1 system. Over a momen- i
tum range up to the Bragg reflection of the superlattice, the 151 @
measurements revealed an AF peak position corresponding I \
to twice the superlattice period. Plotted in FigaRis the
integrated AF peak intensity as a functiontéf H was ap- or
plied L ¢ andlic, always in the plane of the sample. The I \
integrated AF peak intensity is proportional to the square of
the AF component of the sublattice magnetizatimr‘hi(:).
Mar has components parallelM(yr) and perpendicular
(M ag,) to H. These two components were separated by ana-
lyzing the spin of the neutrons reflected at the AF p¥ak.
The scattering associated with,g does not change the spin :
orientation of the neutron, whil®l 5, causes the neutron to I \O
flip its spin. From these two components we plot the angle
the AF moment makes with respecthbin Fig. 2(b). Notice 1.0 7
that whenH.1 c, the AF moments are alwaysH. When i A ]
Hllc, the AF moment rotates from being to being L c.
Above 2 kOeM 4¢ is essentiallyl H regardless of the direc-

®
tion of H. i A °
A more detailed picture is obtained assuming that the / n\
total magnetic moment per Co atom Ké;,=1.47ug/Co, oore® | QO — ¢
2

and a homogeneous model such thdf., +M3g+M2
=MZ, when Hlic, and thatM4g, + M2=MZ, whenH.L c. H(kOe)

M F IS _the ferromagnetlc_ componen_t of t_he magnetlzatlon’FIG. 3. Mar, (@), Mag (O), andMg (A) obtained from neutron diffraction
which is not measured d!reCtly’ but is derived from the val-y,ith spin polarization analysis for the cadés c andHiic. Lines are guides
ues ofMag, andM ag, . Figure 3 showsM or, Mg, , @and  to the eye.

M (u/Co)
O
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10 ' . . positive contribution to the magnetoresistance from both the

0gl HIIGHLI (@) GMR and AMR.

06 CONCLUSIONS

04 .
The magnetic anisotropy in Co/Re (IW) multilayers

causes the MOKE hysteresis loop to have a plateau iHear
=0, and either subtracts from or adds to the magnetoresis-
. , . tance depending on the direction of thexis with respect to

I. This behavior is a result of the gradual SF transition de-
duced from neutron diffraction measurements. To com-
pletely understand this, more detailed measurements are un-
derway to determine the role of the surface magnetization
and the sensitivity of the SF transition to the angle between
the ¢ axis andH. Only then will it be possible to maximize

0.2

0.0

29/ p(%)

20 710 0 0 20 the d(Ap/p)/dH for this kind of anisotropic system
H (kOe)
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