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Temperature dependence of the magnetization reversal
in Co (fcc)—BN—Co(poly hcp ) structures
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The magnetic properties of multilayer structures with two magnetic layers of the same(@®tal

but with different crystallographic structures separated by an insulating BN layer have been studied.
These structures were prepared orf(&1) substrates by a combination of molecular beam epitaxy
(metallic layer$ and electron cyclotron resonance-assisted sputteiidiy layen. An fcc Co
single-crystal laye60 A) was first stabilized by growing it on a copper fcc buffer layer and
subsequently a polycrystalline Co lay@0 A) with hcp structure was grown on top of the insulating

BN layer. A CoO antiferromagnetic layer, formed adjacent to this hcp Co layer, significantly
influenced the magnetic behavior of the polycrystalline hcp Co layer. The magnetic hysteresis loops
for these structures were measured at temperatures ranging from 5 to 350 K with the magnetic field
applied along the eagyt10) in-plane axis of the fcc Co. A very sharp flipping of the magnetization
was found for the fcc Co layer with a nearly temperature-independent coercive field that increased
from 14 mT below 100 K to 16 mT at 300 K. In contrast, the magnetization reversal in the hcp Co
layer was smoother and its coercivity varied significantly with temperature depending on the
strength of the exchange coupling with the adjacent CoO layeb. & the coercivity was greater

than 0.2 T and decreased with increasing temperature, becoming essentially zero above room
temperature. When cooling in a magnetic field, an exchange offset was observed below 150 K that
increased to about 0.1 T at 5 K. @99 American Institute of Physics.
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I. INTRODUCTION were able to study the magnetic behavior both at room tem-
perature and at low temperatures below the antiferromag-
Magnetic structures intended for devices using spinnetic transition where a strong exchange interaction between
dependent tunneling junctions have two magnetic electrodeSoO and Co exists. At temperatures above thelXempera-
with different coercivities separated by a very thin insulatingture, the coercivity of the two ferromagnetic layers is still
layer. According to standard theorit$a range of fields ex- quite different even though the effect of the CoO is negli-
ists where the spins in both electrodes are antiparallel and thgible. On the other hand, it was difficult to distinguish two
tunneling resistance as a function of the magnetic field willdifferent coercivities at low temperatures on samples without
be larger. For all other field values, the spins in both elecan antiferromagnetic layer and this would adversely affect
trodes are parallel and the resistance will have a lower valueur study of the spin-dependent tunneling at low tempera-
Most researchers in this field use different magnetic materitures.
als for the two electrodes and/or the shape anisotropy to cre- To better understand and control the magnetic properties
ate the two different coercivitiésor they use an antiferro- of such a multilayer structure, the process of magnetization
magnetic layer to pin one of the ferromagnetic laykts. reversal has been studied in detail over a wide temperature
In this article we report results on multilayer structuresrange where the strength of the interaction with the adjacent
which were preparédwith two magnetic layers with differ- ~antiferromagnetic layer varies dramatically.
ent magnetic properties: a structure consisting of two mag-
netic layers from the same met&lo) but with different crys-
tallographic structure. In addition to the intrinsic difference
between these layers, the magnetic behavior, in particular the  The Co multilayer system essentially consisted of two
coercive field of one of the layers, can be significantly modi-ferromagnetic films with different crystalline structures sepa-
fied by the exchange coupling with an adjacent antiferromagrated by an insulating layer prepared by a combination of
netic layer! In our case, an antiferromagnetic Ca®éel  molecular beam epitaxgmetallic layers and electron cyclo-
temperature 292 K and blocking temperature around 150 Kiron resonance-assisted sputter{N layers. A Cu (3000
layer is formed adjacent to the hcp Co layer. In this way weA) single-crystalline seed layer was first grown on &@®i1)
substrate at a rate 6f0.4 A/s in several stages with inter-

dpresent address: Seagate Technology, Bloomington, MN 55435—548§.nedi6}te anr]ealings. ThiS' Cu single-crystal .ﬁlm grew epitaxi-
Electronic mail: Ipust@notes.seagate.com ally with an in-plane rotation angle of 45° with respect to the

II. EXPERIMENT
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FIG. 1. Magnetic hysteresis loops at 5_' 60, and 160 K after cooling fromg . 5 Magnetic hysteresis loops associated with the hep Co layer at 5, 60,
390 K down b 5 K in afield of 2 T. Inset: details of the low-field MHLs at 150 160 180, and 330 K. Vertical dashed lines indicate where these MHLs
5, 160, and 265 K. The curved dashed arrows mark the flip of the magnegere “sewed up” after the contribution from the fcc Co layer was removed.

tization in the fcc Co layer.

strongly dependent upon the cooling field, and could be due
Jo an exchange bias from an antiferromagnetic layer pinning
a ferromagnetic layet. Since the antiferromagnetic CoO
layer is adjacent to the hcp Co layer, it is reasonable to
assume that this part of the MHL is associated with the hcp

monitor the growth of the single-crystalline fcc Co layé0 -2 =t
R). An insulating layer of polycrystalline hcp boron nitride Co layer. In contrast, the sharp flipping of the magnetization
which is more clearly seen in the inset of Fig.(dee the

(BN) (50 A) was grown using ion-assisted sputtering. A sec- _ :
ond Co layer(70 A) was then deposited in the same mannercurved dashed arrowsis nearly temperature independent.

as the first Co layer, but in the absence of a single-crystal Cffip 1S @pproximately 14 mT for temperatures below 100 K
template this Co layer grew polycrystalline and with an hcp2nd increases to about 16 mT at 300 K. MHLs measured at
structure. The top surface of this hcp Co layer was oxidized'9her temperatures, up to 350 K, are very similar to the loop

forming a thin CoO layéf!before being capped by 30 A of at 265 K except for a slight decrease in the saturation mag-
Cu. netic momentmg with increasing temperature. Theg de-

An ex situtransmission electron microscogVEM) im-  creased by 4% from 5 to 250 K and 8.8% up to 350 K. The

age of this multilayer structure showed that the insulating?PrUPt jump of the magnetic moment Bj;, is especially
layer was continuous with no observable pinholes. High_Sharp at temperatures below 200 K with the magnitude of the

resolution TEM (HRTEM) confirmed the crystallographic UMP being abou_t 45% ahs. Since the nom_lnal thickness of
structure of the various layers as previously determined bil'® fcc Co layer is 60 A out of a total Co thickness of 130 A,
RHEED. Fourier transform analysis of the HRTEM imagesOr 46% of the ,tOta_l' these Jumps corresppnd to the SV,V'tCh'ng
indicated an fcc structure for the initial Cu and Co Iayers,Of the magnetization vector in the fcc single-crystalline Co

polycrystalline columnar growth for the BN layer, and an @Y€

hcp polycrystalline structure with some degree of texture for The obser_vati.on of two diStinCt,' Chargcteri.s.tic pehaviors
the second Co layér. in the magnetization reversal permit the identification of the

contributions to the MHLs from each individual Co layer.
The sharp flip of the magnetization in the fcc Co layer and
the smooth magnetization reversal in the hcp Co layer can be
The process of magnetization reversal in this multilay-easily distinguished, particularly at lower temperatures. By
ered system was studied using a Quantum Design supercoshifting the MHLs on either side of the jumps in the magne-
ducting quantum interference device magnetometer at tentization so that the MHL branches below and above the
peratures ranging from 5 to 350 K with the magnetic-fieldjumps point towards each other, the resulting MHLs can be
Bex: applied along the eagit 10) in-plane axis of the fcc Co. attributed to the hcp Co layer only. The magnitude of these
The typical sample size wasx&% mn?t. Figure 1 displays shifts were scaled witmg(T). The resulting MHLs exhibit a
several magnetic hysteresis loodHLs) measured after nearly archetypal shape with very low coercivity above 200
cooling from 390 0 5 K in amagnetic field of 2 T. These K while the MHLs at lower temperatures are wide and asym-
MHLs exhibit a complex shape, which is strongly dependenimetrical as shown in Fig. 2. Vertical dashed lines indicate
on temperature with the hysteresis becoming wider and morthe location where these MHLs were “sewed up” after sub-
nonsymmetrical at lower temperatures. The nonsymmetritraction of the contribution from the fcc Co layer. The
MHL characteristic is more noticeable after the sharp flip-smooth shape of these MHLs is also consistent with proper-
ping of the magnetization which occurs at fieldk,; ties expected for the polycrystalline structure of this Co layer
=*Bjp. In addition, this nonsymmetric behavior is and that the subtraction of the sharp contribution from the

Si latticé® and served as a template to stabilize the subs
quent growth of the fcc Co layérReflection high-energy
electron diffraction (RHEED) oscillations were used to

Ill. RESULTS AND DISCUSSION
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300 T coercivities separated by an insulating layer. In this article
] 20-\ \ we show results in samples prepared with two magnetic lay-
250 151 Y ers from the same met&Co), but with different properties
] due to their different crystallographic structure. One layer
200 10 \rs\' \ was grown as single-crystalline fcc Co while the other mag-
E % 5] \‘n \ netic Iaye_r was grown as pplycrystalline hcp Cp. One advan-
=, 1504\ % 0 N T, tage of this type of magnetic layered structure is the presence
] \\V 100 150 200 250 300 of easy and hard axes arising from the crystallographic sym-
= 100 °\ metry given by the in-plane fourfold anisotropy of the fcc Co
] ~\ layer!?
SOLKA_A_A:"§ The magneti i ibi isti
. A\% gnetic hysteresis loops exhibited two distinct,
] characteristic behaviors in the magnetization reversal, which
0 S Ny S permitted the identification of the contributions to the MHLs
0 5 100 150 200 250 300 3%0 from each individual Co layer. The single-crystalline fcc Co
T [K] layer exhibited a nearly ideal switching of the magnetization

FIG. 3. Temperature dependence of the coercive figld . (®). Below 150 V.Vhen the field was ap'plled along the easy axis. The C.OerCIVe
K the coercive field for each MHL branchoH; (A) and uoHY (V) is field changed only slightly between 14 and 16 mT in the
plotted along with the average coercive fielgoH; + uoH:)/2, (O). Inset:  temperature range between 5 and 350 K. In contrast, the
1oH(T) (@) and the exchange offseufH; —uoHs)/2 (O) at higher  magnetization of the hcp Co layer changed smoothly within
temperatures. Dashed lines are guides for the eye. a wide field range due to its polycrystalline structure. More-
over, the magnetic behavior of the hcp Co layer was further
th Qwodified by the exchange coupling with an adjacent antifer-

lower branches of the MHLs in Fig. 2 exhibit a smooth romagnetic CoO layer, which significantly enhanced the co-

S-shape step close to the field of magnetization reversal iﬁrcwlt_y aftthlov;/]_tekr]ntperaturets. The coercive f|elfd of th$ hC% C.O
the fcc Co layer with a similar S shape being only partially ayer ":j ﬁ '? -belmpe;i;cl;rs rangﬁ' Wai’sg e\_/rv rr; 5 ?(n Tlhn-
visible on the upper MHL branches. This feature can be extreased sharply below reaching mi a - 'he

plained by a finite ferromagnetic Mecoupling between the MHLS of the hcp Co layer start to be asymmetrical below
two Co layers, 150 K and the offset becomes greater than 100 mT at 5 K.

The temperature dependence of the coercive figd
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