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C0o(1100)/Cr(21) and Cdql1120)/Cr(1000 multilayers have been simultaneously prepared on
MgO(110 and MgQ100 substrates, respectively, by molecular beam epitaxy. They show however
distinct magnetic anisotropic behavior which coincides with their magneto—crystalline anisotropy.
Magneto—optical Kerr effect shows the existence of a unique easy axis and strong in-plane uniaxial
magnetic anisotropy in G&100)/Cr(211) multilayers, which is induced by the well-defined
hexagonal crystalline of the Cbl00) layers. For C@L120)/Cr(100) multilayers, on the other hand,

an in-plane biaxial magnetic anisotropy is found due to the bicrystalline structure of {4é€20p

layers. © 1996 American Institute of Physids$S0021-897¢06)51608-X]

I. INTRODUCTION Il. FILM PREPARATION AND MEASUREMENTS

The magnetism of thin metallic films and multilayers has W& have indeed grown more than 30 samples of Co/
attracted much attention in recent years for both fundamentdf'(210 and Co/C€100) multilayers. The results presented

research and advanced technological applications. It is not(igge mainly focus on the general and common features of

that magnetism in these systems can often be characteriz s€ samp!es. The s.pecn‘lc_ Co/Cr samples d|scus§ed here
> AN ; osses 17 bilayers periods with 40 A Co and 20 A Cr in each
by specific magnetic anisotropies. For example, the perpe

dicular surfaceg(interface anisotropy can exist in ultra thin llayer: [Co(40 A)/Cr(20 A)l;;. The Co/Cf21) and Co/

e . Cr(100 multilayers were simultaneously prepared on epitax-
magngtlc .f|Ims(muIt|Iay_er9 as a Eonsequence of symmetry ial grade Mg@110 and MgQ100) substrates, respectively.
breaking in the surfacénterface.” There also has been an Details of the growth procedures were described elsewfiere.

increasing interest in understanding the relationship between 11,4 crystal structure and quality were characterized by

the magnetic anisotropies and the crystal structures. It iSsfiection high-energy electron-diffractiofRHEED) and

found that the magnetic anisotropies of the thin films mayy ray diffraction (XRD). The correlation between the struc-

depend strongly on the underlying templatesbstrates or yra| and magnetic properties were investigated by MOKE

buffer layers.?~° technigue. Polafmagnetization lies in the scattering plane
Co-related system is suitable for studying the correlatiorgng perpendicular to the film surfacand longitudinalmag-

between structure and magnetism owing to the abundance @ktization lies both in the scattering plane and the film sur-

the its structural and magnetic properties. The bulk phase Ghce configurations of MOKE were employed to determine

Co is known as hexagonal close packedp at room tem- the out-of-plane and in-plane magnetization loops of the

perature. It undergoes a Martinsitic structural transformatiorsamples. The MOKE measurements were carried out at room

to face centered cubidcc) phase at~400 °C® In the form  temperature in a magnetic fieldl up to 2 kOe. Note that the

of thin films it can also be epitaxially stabilized as body penetration depti of the (He—N@ laser light for MOKE

centered cubicbco) structure’ Co/Cr multilayers are of our experiment is of~150—200 A, only top three Co/Cr bilayers

high interest because of the remarkable structural and magef the multilayer$ can be probed by MOKE.

netic properties, and possible applications in magnetic or

magneto—optical recording. Previous stulliéson Co/Cr

multilayers have been, however, restricted to polycrystalline)|. RESULTS AND DISCUSSIONS

textured, or semiepitaxial samples, making the understanding

of the structural and magnetic properties and their interplay ~ For Co/Cr multilayers on grown Mo buffer layers on

much difficult. MgO(;lO) sgbstrgtes studigd here, we have determined the
In this article we report the magneto-optical Kerr effect following orientational relationship€ORS:

(MOKE) studies of the magnetic anisotropies of high-quality Co(lTOO)||Cr(21])||Mo(211)||MgO(110),

Co(1100)/Cr(211) and C@1120)/Cr(100) multilayers grown _ _ _ _

by molecular beam epitaxyMBE). Longitudinal and polar Cd1120]|C111][Mo[ 111][MgO[110],

MOKE configurations were used to determine the magnetic — oo )

easy and hard axes, and their connection with the crystal Cal0001]|Crl011][Mo[011]|MgO[001];

structures. We demonstrate here the novel control of the orwhile on MgQ(100 substrates the ORs are:

entation and crystalline structure, and hence the magnetic 5y 120)Cr(100)]Mo(100)|MgO(100),

anisotropies(uniaxial or biaxia] of Co layers by using L

proper crystal plane of the underlying Cr layers. Cd1100]|Cr{011]|Mo[011]|MgO[010],
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FIG. 3. The MOKE hysteresis loops for the (@@00)/Cr(211) multilayer:
(a) polar Kerr loop;(b)—(h) longitudinal Kerr loops as a function of the
FIG. 1. Schematic diagrams showing the geometry, unit (@edlicated by azimuthal anglep.

bold lineg and epitaxial relationship of the hcp Ad00) and bcec C{211).

here mainly about their magnetic properties and the effect of
Co[OOOl]||Cr[OT1]||M o[OTl]HMgO[OOl] E;yi}lz?)l ;tEructure upon magnetic anisotropies, as investigated
(or Figure 1 and Fig. 2 display the schematic diagrams of
C00001]|C{011]|Mo[011]|MgO[010], the geometry and thg unit cells of ga00)/Cr(211) and
Co(1120)/Cr(100 multilayers, respectively. Although Co
and (hcp and Cr(bco possess distinct bulk structures, (C£00)
Co[1100]|C{011]|Mo[011]|MgO[001] and C(211) planes match extremely wgll in Iattlcg param-
eters and symmetrgboth are twofold. As illustrated in Fig.
due to the bicrystalline structure, as discussed beldlie 1 the unit cell of C61100), 4.07 Ax2.51 A, matches per-
epitaxial relationships were confirmed by RHEED and XRDfectly with that of Cf211), 4.07 Ax2.50 A. This provides us
studies. Part of the structural analysis releit%d to these multgp opportunity to synthesize high-quality heterostructural su-
layers were or to be published elsewh&e® We present perlattices. For CA120)/Cr(100) system, on the other hand,
the unit cell of C¢1120), 4.07 Ax4.34 A, match poorly in
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FIG. 4. The MOKE hysteresis loops for the @mEJ)/Cr(loo) multilayer:
FIG. 2. Schematic diagrams showing the geometry, unit (@edlicated by (a) polar Kerr loop;(b)—(h) longitudinal Kerr loops as a function of the
bold lineg and epitaxial relationship of the hcp Ad20) and bcc C(100). azimuthal angley.
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B — N — — — This can be clearly seen by plottird), as a function of the
i azimuthal anglep, as shown in Fig. &). The relatively large

2500 ] saturation fields of>500 Oe in the easy direction is likely
P resulted from the Cr spacer layéfs.

w200 p ] g For Co/C(100) sample, on the other hand, the in-plane
O <« : o H H H H H
d [ P 17 magnetization loops are more complicated. As shown in Fig.
w150 . T 4(b), squarelike hysteresis loops were observed 610°.

By turning the azimuthal anglg from 0° to 45°, the hyster-
esis loops shift from one type to another with gradual de-
crease of the coercive field. Similar hysteresis loops and co-
ercive fields were found for field directed along the
azimuthal angleg and(90— 7). The MOKE patterns in Figs.
4(b)—4(h) repeat fory from 90° to 180°(and every other
9.1 (degree) 90°). Figure 3b) shows the coercive field . as a function of
the azimuthal angle;. As can be determined from Fig(t9
FIG. 5. (a) Saturation fieltH, is shown as a function of the azimuthal angle and Fjgs do)—4(h), the easy axes are along:=0°
¢ for the Cq1100)/Cr(211) multilayer. (b) Coercive fieldH, is plotted as a Crio1L ’ d —9o’° Crio11 d the hard axis al
function of the azimuthal angle for the Cq1120)/Cr(100) multilayer. (lcfo11)) and 7= (|cdo11]), and t € hard axis along
7n=45° (|Cr{010]) and »=135°(|Cr{001]), indicating the ex-
istence of a biaxial magnetic anisotropy for the C¢100)

one direction(Co[lTOO]) with the rotated cell of GA00), sample. Note that the two magnetic easy aeésng Cf011]

4.07 A<4.07 A, where 4.07 A=v2x2.88 A) is the diagonal 2nd Cf011) coincide with the C[0001] axes of the bicrys-
spacing of the original cell. Indeed, @00 possesses four- talllnsq Clo layers, as_dlscus?‘sed at_)ove. . ioned
fold crystal symmetry while Gd120) has only twofold sym- Imilar -magnetic anlsot.ropllc prop_ertleS .ment|one
metry. The symmetry and lattice-spacing mismatches befg\bove have been detected in single bilayer films of Co/
tween C@¢1120) and Cf100) cells result in the bicrystalline Crl(lt(_)O)I an? Co/C(211). F_urtthermorff, v;/e_ have o?serv_ed
stucue of e ORI ayers. That s, e GO00T s [2PH1EY Lonusat snsctonis o1es 1 e
can be either parallel to the [©d11] or C{011]. ) i . . : PP
Shown in Figs. 8) and 4a) are the polar MOKE hys- that the anisotropic effect dominates in the CéATd) mul-
: j : tilayers, in marked contrast to the other multilayer systems
teresis loops of the Co/C211) and Co/C¢100 multilayers, ) . . ) .
b @iy (100 y which show stronger coupling effect and isotropand gi-

respectively. It is clear that both multilayers are hard to be ; ist Hoct Th hani ¢ i
magnetized along the out-of-plane directions. For Co/”mD magnetoresistance etiect. The mechanism or magnetiza-

- : : tion reversal processes, including the minor loop behaviors,
Cr(211) sample, Figures(®)—3(h) show a series of in-plane : : X X
magnetization loops as a function of the azimuthal angle of the Co/C(211) and Co/C(100) films will be published in

where ¢ is defined as the angle between thethe forthcoming articles.
MgO[110](|Cr{011]||Cq0001)) axis (see Fig. 1 and the di-

rection of the applied field. Similar measuring procedures of

the MOKE hysteresis loops for Co/@00) multilayers are L. Neel, J. Phys15, 225(1954.

: : . . : : 2J. J. Krebs, B. T. Jonker, and G. A. Prinz, J. Appl. Pl8/5.2596(1986.
displayed in Figs. @)-4(h), where in this case the azi 3J. M. Florczak and E. Dan Dahlberg, J. Appl. Ph§E, 7520(1990.

muthal angle 7 _is Fhe angl_e between th_e i_n-plane 4J. M. Florczak, E. Dan Dahlberg, J. N. Kuznia, A. M. Wowchak, and P. I.
MgO[001](|C{011]) axis (see Fig. 2 and the direction of  Cohen, J. Appl. Phys69, 4997(1991).
the field. ®N. Metoki, Th. Zeidler, A. Stierle, K. Brohl, and H. Zabel, J. Magn. Magn.

. eer . Mater. 118 57 (1993.
Although both multilayers are difficult to be magnetized 6See, e.g., CRElandbook of Chemistry and Physi&®th ed., edited by R.

a!ong th(_a out-of-plar}e direction;, they. show however quite ¢ weast, M. J. Astle, and W. H. BeyéEhemical Rubber, Boca Raton,
distinct in-plane azimuthal anisotropies. For Cd&11) Florida, 1988—-1989

. 7 :
sample, square hysteresis loops were observed fef° G. A. Prinz, Phys. Rev. Letb4, 1051(1989.

. . . 8D.Wang and D. J. Sellmyer, J. Appl. Phy&9, 4541(1991).
o il {
(H||Cd0001)) to 75° with gradual increase of the saturation 9M. B. Stems, C. H. Lee, and T. L. Groy, Phys. Revd 8256 (1989.

field as the anglep is turned(experimentally done by in- 10y B sterns, Y. Cheng, and C. H. Lee, J. Appl. Ph§&, 5925(1990.
plane rotation of the sample with the field direction fixed Y. Henry, C. Meny, A. Dinia, and P. Panissod, Phys. Rev® 15037
While continuously varying magnetization curves were ob-m(lgga' _ . . .

. ° . We have studied various Co/Cr bilayers with&—300 A grown on top
served for field alongp=90° (H|Cd1120]), as shown in of thick Co layers. The Kerr intensities were completely suppressed for Cr
Figs. 3b)—3(h). The saturation fieltH here is defined as the  fiims thicker than 200 A.
field when the magnetization is 90% saturated during mag=J. C. A. Huang, Y. Liou, H. L. Liu, and Y. J. Wu, J. Cryst. Grovit&9, 363

o : : . (1994
netization reversal process. It is obvious that the magneugY_ Liou, J. C. A. Huang, Y. D. Yao, C. H. Lee, K. T. Wu, C. L. Lu, . Y.

hard axis lies in thein-plang Co[1120] direction perpen-  |jzo 'y, y. Chen, N. T. Liang, W. T. Yang, C. Y. Chen, and B. C. Hu, J.
dicular to the easy axis Q@001 (see Figs. 1 and)3Very Appl. Phys.76, 6516(1994).
similar hysteresis loops and saturation fields were found fot>J. C. A. Huang, Y. Liou, Y. D. Yao, W. T. Yang, C. P. Chang, S. Y. Liao,
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field directed along the azimuthal anglﬁand (180— d)) [as 6We have observed a trend thag decreases with the decreasing of the Cr

We_” as (p+ 180)_and __¢]1 suggesting the existence of @ ihickness for a fixed Co thickness in the multilayers. For pure Co films on
uniaxial magnetic anisotropy for the Col@tl) sample. MgO substrates, the measured saturation fields are of-86§~100 Oe.
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