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MeV ion irradiation of Co/Cu multilayers

M. Cai, T. Veres, S. Roorda, and R. W. Cochrane
Groupe de recherche en physique et technologie des couches minces (G@stieBent de Physique,
Universitede Montrel, CP 6128 succ. centre-ville, MonakQC H3C 3J7, Canada

R. Abdouche and M. Sutton
Department of Physics, McGill University, Montreal QC H3A 2T8, Canada

We examine the effect of MeV ion-beam irradiation on the giant magnetoresistance and related
interlayer magnetic coupling in sputtered Co/Cu multilayers. At ion doses higher th3orit) the
resistivity of the multilayers increases noticeably, well beyond that measured for pure copper or
cobalt films. This increase in resistivity of the multilayers is tentatively ascribed to
ion-beam-induced interface disorder. With increasing dose, the magnetic interlayer coupling passes
systematically from a mainly antiferromagnefidF) coupling to a ferromagnetic one and, in
parallel, the giant magnetoresistan@@MR) is progressively destroyed. A linear relationship
between the GMR and the volume fraction of AF coupled regions is observed up to an ion dose of
2X10"%cm?. © 1997 American Institute of Physid$S0021-897607)71308-3

INTRODUCTION nal thicknesses were confirmed by DEKTAK and low-angle

. : . . x-ray reflectivity measurements. Sample magnetization was

. Since _the dls_covery of giant magn_etoresm_:taf@MR) measured at room temperature using a vibrating sample mag-

in magnetic multilayers, the effects of interfacial roughness e
netometer. Transport measuremefresistivity and magne-

on the interlayer magnetic coupling and magnetoresstanct%resistanc)e were carried out using a high-resolution ac

(MR) have been of great interest. In Co/Cu multilayers, on_ .
. . . bridge, also at room temperature. The structures of the
the one hand, spin-dependent electron scattering at interfaces

was revealed through planar dopih@n the other hand, by sgmplgs were charactenz.ed. by I.OW and hlgh_angle x-ray
S : . o diffraction using CWK a radiation with the scattering vector
roughening interfaces with codeposition, Suzekial” re- . :
. o perpendicular to the film surface.
ported that the MR was weakened by interface mixing and i e : .
was thus proposed that the scattering centers causing the lon-beam irradiation experiments were performed in a
brop 9 9 Wacuum of 107 Torr with 1 MeV Si* ions using the Uni-

GMR were in the Co I_ayers. This Ia(_:k_of consistency MaY\ersife de Montral Tandem accelerator. To avoid heating
partly stem from the difficulty of modifying and controlling

. . . . effects during irradiation, the samples were placed in thermal
the interface structure in a systematic manner. In particular

S . . e ¢ontact with a copper block kept at the liquid—nitrogen tem-
most in situ techniques aimed at modifying interface, for erature(77 K) and the beam current was maintained below
example, varying deposition conditions, are expected to hav, 0 nAlcn?. Irradiation doses ranged from ¥0to 10t
a significant influence on the growth of the subsequent Iayi'ons/cn? The energy loss of the 1 MeV Sions in the 1000
ers. Further complexities could be involved due to the aCCUR ‘thick éam les amounts to roughly 200 keV: onlv a ver
mulation of interface roughness from layer to layer, which P gnly » Oy Y

. . small fraction(<0.1% of the implanted ions come to rest in
leads to a gradient of interface roughness across a superlaj- . . :
tice e multilayer, the rest being transmitted or backscattéred.

In this contextex situapproaches of interface modifica-
tion might have the advantage of avoiding these complexitiegESULTS AND DISCUSSIONS

and should be helpful in clarifying the role of interfaces. In For ion-beam doses up to f0ions/cnf, no changes in
this paper, we report that interface disorder is produced iResistivity, MR, or magnetization are observed. Figure 1 in-
sputtered Co/Cu multilayers by ion-beam irradiation, withgjcates that the saturation resistivigy,) of a multilayer in-
only minor grain growth and texture change being evidence@yeases noticeably as a function of total ion dose up 6 10
up to a dose of ¥10' ions/cnf. Nevertheless, this beam- jons/cnf: also shown are the corresponding variations of the
induced disorder is found to have a large effect on both theesistivities of 1000 A Cu and Co films. Here we concentrate
antiferromagnetiad AF) interlayer coupling and the magne- on . to eliminate the GMR contribution. For these doses, the
totransport properties of the multilayers. resistivities of both pure films are nearly unchanged upon
irradiation which rules out the possibility that the increase in
resistivity of the multilayer is associated with bulk defects
produced by the ion beam. For our multilayers, the @ps-
Multilayers with the configuration G60 A)/[Co(16 A)/ placements per atonat a dose of 1% ions/cnf is as small
Cu(20 A)13/Cu(30 A) were prepared by rf magnetron sput- as 0.06, so that the effect on the bulk resistivity can be well
tering onto glasgCorning 7059 substrates, at a sputtering neglected for all but the highest doses. Since in these metal-
pressure of 6 mTorr of argon gas, starting from a base predic multilayers, the electron mean free path is comparable to
sure before sputtering belowx1.0™’ Torr. The deposition the layer thickness, their resistivities can provide valuable
rates, which had been calibrated with a quartz-crystal moniinformation on the interface electron scattering and interfa-
tor, were about 2 A/s for copper and 1 A/s for cobalt. Nomi-cial structures. We therefore suggest that the present large
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FIG. 3. MR ratio of g Co(15 A)/Cu(20 A)l5, multilayer as a function of the

FIG. 1. Resistivities of 4Co(15 A/CU20 A, multilayer as well as of 'O 40se: The dashed line is a guide to the eye.

1000 A Cu and Co films as functions of the ion dose. The dashed line is a
guide to the eye.

can be ascribed to interface roughness within the fiffisis
oint has been confirmed recently by Kudrnovsiyal.

increase of resistivity in the Co/Cu multilayers is connecte hrough a first-principle calculation, which concludes that a

W;::ic'gfg:faic:n_db'zgrmde;q'&?#cet?]rgﬁ '?]ngg;ﬁ?tic'”:f?;?gnh;gsmaII amount of interface imperfectidnoughness or inter-
b " . 9 gh b . diffusion) may dramatically suppress AF interlayer coupling.
been confirmed in many bilayers/multilayers systems, in

ludi ; ith | itive heats of mixfh In a somewhat naive picture, interface roughness gives rise
cluding systems with large positive heats of mixintlore- to local fluctuations of the spacé€u) layer thickness. As

ic;]\ijer, v(\;einfgar\;e alsd? orbdtalrni(;d d:recine\lndetrr]]cr:e th 'Ior\‘l\'/ber?r?r'nagnetic coupling is extremely sensitive to this thickness,
uce ertace disorder in our samples through low-anglg,o o ce roughness may result in partial ferromagnetic

x-ray reflectivity measurements. e .
L . . coupling’ Taking (1—M,/My) as an estimate of the volume
Variations of the magnetic properties of the same uping Ing( /M) ! Vo

X : . “Straction of AF coupled regioffisand H, as indicative of the
multilayer are also observed as a function of ion dose. Figur P 9 S

; ; i F coupling strength, the current results suggest that both
ﬁﬂdi{sgswfhlectf:?sr;]na;h;n:;m;n deggfu;:ﬂg/n Mrrsl)ag(gvr\:zttei;;io the net AF coupled fraction.and'th.e AF coupling strength are
re;pectivesly and the decrease in saturation magnetic fiel ystemat|cally reduced _by |rr_ad|at|on. . L

High-angle x-ray diffraction after each irradiation re-
(H/ HSO).These parameters are gsually relat.e.d o the degre\?eals little change in crystallographic texture. The as-
of AF coupling between magnetic layers. Initially, most of

deposited sample is textured principally in the f@d.1) di-

0,

Fhe JI[feI\nyers aéetAFb c?cupled, aIthc?['ung about :Igod/o_?;th? sampl ection with a relatively weak fcd200 component. lon

'S Still Tound to be Terromagnetically coupled. his 'ncom'f%:radiation leads to subtle reductions in the linewidths of both

?:Ie/tg AF (itc_Jluleng hasttbeedn fotund to bebcrf\:lraftenstlc 0 111) and (200 peaks, indicating minor grain growth and a
of.u muflilayers sputtered onto copper buller 1ayers ang, ,.qiple slight increase in the number &00)-oriented
grains. However, these crystallographic changes cannot ex-
plain the increasing resistivity and the decreasing AF cou-

0.80—% 1.0 pling with increasing ion dose: first, larger grain size should
. o J> decrease, rather than increase, the bulk resistivity; second,
07r . 0 previous studies show that, in sputtered Co/Cu multilayers,
° . 108 the AF coupling is weakened as the grains are textured in the
06T 0 (112) direction, and that the presence 00-oriented
g_”' 05 L o 106 f grains enhances AF coupling rather than suppresges it.
= o T Figure 3 shows that the GMR falls rapidly with ion dose.
04 | o hd Given the fact that the GMR s interface related, it is a clear
o 04 indication that these ion doses produce significant interface
03¢ © ° modification. In Fe/Cr multilayers, Kellgt al® found that
T ion irradiation led to an increase in the GMR in spite of a
0-21 — ""1'0 — "';'og-z significantly reduced AF coupling. Such behavior was ex-

plained in terms of the enhanced spin-dependent electron

scattering at the Fe/Cr interfaces. In contrast, we observe no
2 T LML), left scale, and th increase in the MR upon irradiation of our Co/Cu at any

FIG. 2. The remanent magnetization ratd (M), left scale, and the nor- ; o ;

malized saturation magnetic fielH(/H,), right scale, for §Co(15 A)/ dosage level. It "?‘ th.us difficult for Co/Cu multllgyers t(.)

Cu(20 A)ls, multilayer as functions of the ion doskl, is the saturation ~S€parate the relative importance for the GMR Of mterfaqal

field of the as-deposited multilayer. spin-dependent scattering and interlayer magnetic coupling.

dose (10" ions/cm?)
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FIG. 4. MR ratio vs(1—M,/M,) for the multilayer of Figs. 2 and 3. The
dashed line is a linear fit for the data with—M /M) larger than 0.4.
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140,

enhanced interface scattering. At higher doses, the origin of
the more rapid variation of the MR is still unclear. One pos-
sible explanation is that, at these doses, strong mixing of Co
and Cu atoms occurs near the interfaces giving rise to strong
spin-independent scattering within the intermixed regions, a
senario which is consistent with the rapid increase in
multilayer resistivity as seen in Fig. 1.
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