MAGNETIC DOMAINS IN
CO-SI0, MULTILAYER
TUNNEL JUNCTIONS

n the ongoing search for sensors for magnetic recording  approach to saturation is gradual because the particles are
Iapplications, recent research has focussed on materials thatmagnetically isolated.

exhibit spin-dependent tunneling. These systems are comprised Desirable characteristics of both magnetic tunnel junctions
of metallic, ferromagnetic particles or of layers that are well  and the granular films are combined in discontinuous metal/insu-

separated from each other by an insulating material. lator multilayers, which represent a new class of spin tunneling
Magnetoresistance (MR) from spin-dependent tunneling was firdévices. These hybrid systems are prepared by alternately sputter-
reported for granular metal/insulator films in 1972 and for ing two immiscible materials, such as Co andSiiito a sub-

ColGe/Fe trilayer junctions in 1975. The effect arises because #trte. Since the metal does not wet the insulator, the ferromagnet
tunnel conductance is minimum when the particle or layer breaks up into nanoparticles during growth. Transmission
moments are aligned antiparallel. Flipping the spin of the con- electron microscope images and x-ray diffraction data of Cg/SiO
ducting electron, with its attendant energy cost, reduces the tumaultilayers reveal that the Co forms either individual particles
neling between particles or layers. with diameters of 2.5 nm or chains composed of touching
From a magnetic recording perspective, the objective is tparticles. In contrast to granular films, the MR of these hybrid
maximize the change in the resistance while minimizing the  structures is maximum at a smaller magnetic field, which is use-
active field range. Multilayer tunnel junctions exhibit pronouncefilll for applications. However, the dependence of the MR on
field sensitivity, but the insulating barrier layers are susceptible $mall magnetic fields is not consistent with a simple picture of
pinholes that connect the ferromagnetic layers. In contrast,  the magnetic moments of individual particles changing indepen-
granular films with small ferromagnetic particles are easy to  dently. Instead it is believed that the smaller particles are magnet-
fabricate by co-deposition of a metal with an immiscible insula-ically coupled to form larger magnetic domains. Neutron scatter-
tor. However, the saturation fields for the MR are large and theing experiments characterize the magnetic structure (i.e., the
magnetic correlation length) associated with the MR maximum.
ol @ R This cor.r_elation length is rgquired tg model the MR mechanism.
= H=U Initial neutron reflectivity studies of a [Si(8.0 nm)

1 gy “eroiicid Goolca 1 |Co(2.0 nm)j, s multilayer with the sharpest MR showed that the
: Co spins are randomly oriented along the growth direction at
fields near the coercive field,dHwhere the magnetic hysteresis
loop crosses the field axis (i.e., zero net moment). However, the
] average size of the magnetic domains across the sample plane is
_ substantially larger (0.1 — 0pn) than the average size of the Co
10 - H0.050 T 3 particles. A multilayer with a smaller nominal Co thickness,
b Zero Field Cooled ] [SiO,(3.0 nm)|Co(1.6 nmy} ;, showed no in-plane magnetic

ordering within the sensitivity of the reflectivity experiments.
Small angle neutron scattering (SANS) measurements of this
] multilayer and a 0.fum thick Co(0.4)/SiQ(0.6) granular film
were thus undertaken to probe smaller lengthscales. These exper-
E , , , , , , iments indicate that the correlation lengths atatre larger for
00 02 04 06 08 10 12 14 the discontinuous multilayer than for the granular film. In addi-

a () tion, data obtained for both samples after cooling in zero field

FIGURE 1. Circular average of SANS data for the [Si0,(3.0 nm)ICo(1.6 (ZFC) indicate that the Co particles have an intrinsic magnetic
nm)]g, 5 multilayer (a) and the Co(0.4)/Si0,(0.6) granular film (b) at 15 K. interaction

The ZFC data for the film are from a sector average at 45°. Data fits are )

shown as lines.
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FIGURE 2. SANS image from a Co(0.4)/Si0,(0.6) granular film after cooling
from room temperature to 15 K in zero field.

With the exception of the ZFC dia for the garular film
(Fig. 2),all of the d#a were circulaly symmetic and could be
averaged dout the center of the detectbigure 1 (a) shas the
average manetic intensity fi15 K plotted as a function of the
wavevector Q br the discontinous nultilayer & H. = 0.058T
(red circcles) after stration in a 0.5T field. The Loentzian i to
these dta gves a mgnetic coreldion length of 10 £ 2 nm,
which is of the oder of the sie of the Co nanopticle chains.

For compaison, the coecive field daa (red circles) for the
grarular film are shevn in Hg. 1 (b).These da fit to a linear
combindion of two squaed Loentzianswhich is a functional
form often bund br scadtering from disodered manets.The
dominant tem gves a shdrcorrelaion length of @proximately
1.7 £ 0.5 nmwhich is smaller than the 4 nm sploai paticle
size in the garular film. For both the garular film and the dis
contiruous nultilayer, the stéic and/or gnamic manetic
domains athe coecive field gopear to be limited to the indd-
ual Co paticles. The damdic contiast in the MR cuwres br the
discontiruous nultilayer and the @arular film could be a conse
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guence of the diérence in the eleain-scdtering surbice aea

(i.e., the garular film has smaller péicles and domains and thus

has moe scitering surfces).

The demgnetizdion process ér both the ifm and the
multilayer, however, is very sensitve to feld prepartion condi
tions. Rgure 1 (a) also shes the &erage manetic intensity of
the discontimous nultilayer & 15 K after cooling in ero field
from room tempeature (geen squas).These d yield a care-
lation length of 30 + 1.5 nnThe act of cooling the uitilayer
appaently induces intgraticle intelactions thastailize
domains lager than a single Co nanofiale.

Figure 2 shavs the sctering patem for the garular flm
after cooling to 15 K inero field from oom tempeature. The
intensity is asymmeitr with maximum intensity along theerti-
cal axis.These d& sugest thathe Co moments arpeferen
tially aligned along the hiontal axis. Havever, this spin
anisotopy axis is not eident fom maynetizdion and esistvity
dda.

The sectorerage in Fg. 1 (b) futher eveals thathe
ZFC dda hare a shay peak 8Q = 0.0605 nni. The daa fits
suggest thathe ZFC stcture for the garular film is compised
of mggnetic domains gamted by an aerage distance of
104 + 1 nm in theilim plane Despite their small sizthe Co
paticles inteact with eab other upon cooling inezo field to
form a well-ordered manetic stée.

The obsered diference betwen the mgnetic domain
formation in discontimous spin-tunneling aitilayers and garu-
lar films is essential to the undéginding of their condisting MR
propeties. Futue studies will bcus on the tempature and ield
evolution of the domains to optingzthe perdrmance of these
films and nultilayers as mgnetic sensa.



