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Small-angle neutron scattering measurements of magnetic cluster sizes
in magnetic recording disks

Michael F. Toney® and Kurt A. Rubin
Almaden Research Center, IBM Research Division, San Jose, California 95120

Sung-Min Choi® and Charles J. Glinka
National Institute for Standards and Technology, Center for Neutron Research, Gaithersburg, Maryland 20899

(Received 19 December 2002; accepted 7 March 003

We describe small-angle neutron scattering measurements of the magnetic cluster size distributions
for several longitudinal magnetic recording media. We find that the average magnetic cluster size is
slightly larger than the average physical grain size, that there is a broad distribution of cluster sizes,
and that the cluster size is inversely correlated to the media signal-to-noise ratio. These results show
that intergranular magnetic coupling in these media is small and they provide empirical data for the
cluster-size distribution that can be incorporated into models of magnetic recordir20®
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As the areal density in magnetic recording disk drivesbroad and that, as expected, the media signal to noise is
increases, the noise in the longitudinal recording media isnversely correlated with the cluster size. A comparison of
reduced by decreasing the size of the magnetic clusters-the magnetic cluster size to the physical grain size shows
small regions of the media that are magnetically coupledhat, particularly for the more advanced meidble to sup-
together. The cluster size must decrease for higher-densiort higher recording densitythe magnetic clusters are only
media, since the media noise primarily results from the finiteslightly larger than the physical grains, and hence the mag-
cluster size: The transition between biereas of opposite netic coupling between nearby grains is not very strong in
magnetizatioh is narrower when the clusters are smaller.these media.

However, if the cluster size is too small, the media will be ~ SANS'®'’ provides structural information about inho-
vulnerable to undesired thermal instability and consequeniogeneities, such as physical grains and magnetic domains,
loss of the recorded data® Presently, cluster sizes are be- With characteristic lengths of one to tens of nm. The mea-
lieved to be~10 nm, but accurate knowledge of the sizesurements were performed at NG7 30m SANS instrufflent
distribution and even the average magnetic cluster size is, ftt the National Institute of Standards and Technoldg\5T)

the most part, lacking. Viable characterization methods eithe#Sing an unpolarized beam with a neutron wavelength of 7 A
lack adequate spatial resolutigwhich is 25-30 nm for @and a wavelength spread of 11%. Two sample-to-detector
magnetic microscopi¢s® or are indirect magnetic distances were used, one spanning 0.0025-0.03akd the
method” although recently soft x-ray resonant scatteringother 0.025-0.3 A%, SANS is caused by both physical and
has been used to measure magnetic correlation lengths {Ragnetic inhomogeneities, and it was thus necessary to sepa-

recording media deposited on special substéidsis often rate these two contributions and isolate the magnetic cluster

assumed that the cluster size is related to the crystalline gramANS.  This was done with two separate SANS
520 Data were first taken for disks with no

size of the media, but this has not been demonstrated, and'i€asuremen

is not clear if the magnetic clusters match the grains or ifPPlied magnetic fieldg=0 Oe) in a high noise statsee
fact are Iargei‘:7'1°'11 Note that for the small grain sizes in nexd. For this, the SANS contains contributions from small-

present media, the grains are single domain, due to the larg&'9'® scadtterfm% of the p_hy?:cal thin-film structufe.lg.,
energy cost to form an intragranular domain wall. Knowl- 3&in9 r?‘nh of the magjnetl(l: im séructur@na_\gnetm clus-
edge of the relationship between cluster and grain size igers), which are termed nuclear and magnetic scattering, re-

; : o spectively. Following this measurement, data were obtained
necessary for understanding how the media structure influ ith the media held in a magnetic field B—6 kOe applied

ences recording properties. Furthermore, it has been showi}

that accurate simulations of magnetic recording propertiegzge:;%ll t':')h;[:eﬁecljés'i(s S\/:/nglaﬁap()e\/rgetzglcrlrjlSéi;océZ?ciCﬁUtg)nnd
require a knowledge of the cluster-size distributfh?-1° ' y

. : . oriented the magnetic moments of the clusters predominately
In this letter, we describe small-angle neutron scatterin 2 - . .
. o long the applied field direction. A slight angular anisotropy
(SANS) measurements of the magnetic cluster size in severa . A
) e . o e was observed in the SANS data né@#=0.01 A~1, due to
recording disks and quantify the cluster-size distribution. We . . ;
. S . . ., incomplete saturation of the media. However, this was small
find the distribution of magnetic cluster sizes to be quite L . S
and hence there is minimal magnetic scattering in the 6 kOe
data. The desired magnetic SANS is obtained by subtracting
dpermanent address: Stanford Synchrotron Radiation Laboratory, Stanfotghe B=6 kOe spectra from thB=0 spectra. This approach

Linear Accelerator Center, Menlo Park, CA94025; electronic mail: is similar to that of Suzuket a|_,19 who studied thick media
mftoney@slac.stanford.edu
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butions for disks Cy, To, and So, respectively. The arrow heads mark the

FIG. 1. SANS scattering intensita) Solid line shows data for no applied average cluster size. The inset shows the average magnetic cluster diameter
field (B=0, high noise staje while dashed line shows data for a 6 kOe Versus the average physical grain diameter as determined by x-ray diffrac-
applied field, which aligns the magnetic moments predominantly along thdion and TEM.

field direction.(b)—(d) The SANS from the magnetic clustefsguarey for

Cy, To, and So, respectively. This is the difference of Bve0 andB=6

kOe scattering intensitidsee(a) for Cy]. The line shows the fit to a model while magnetic SANS(obtained by subtracting these two

assuming a log—normal cluster-size distribution and the arrows mark th%pectra are shown in Figs. (b)-1(d). It is apparent that for

approximate break in slode~ w/(average diametef) The best-fit average . . . . .
cluster sizes are 14, 16, and 24 nm for Cy, To, and So, respectively, whiléncreasmgso/Nm (So to To to Cy, there is an increase in the

the best-fit log—normal standard deviations are 0.46, c=0.52, ando Q where the slope changésarked with arrows This quali-
=0.56. tatively establishes that the disks with higt®y/N,, had a

smaller average magnetic cluster size. It is also apparent that

interested in isolated clusters. In a related study, van deihere is a distribution of cluster sizes, since there are no
Zaaget al?? used neutron depolarization to investigate theoscillations in the data and the change in slope is gradual.

relationship between domain and particle sizes in ferrites 10 quantitatively model the magnetic SANS, it is neces-
with 1-7 um diam graing? sary to include several effects. The first is interference due to
The magnetic recording disks, which we denote as Sontercluster scattering. However, this is not very important,
To, and Cy, were identical to those used in three producPecause there is a broad distribution of cluster sizede
generations. The magnetic media in each disk was a CoPt@fra)"’ and because the scattering from adjacent clusters
alloy from 25 to 40 nm thick and these were sandwicheddoes not necessarily interfefthe magnetization directions
between a carbon layer and one or more nonmagnetigandomly vary. To account for the intercluster scattering, we
underlayerg? All the recording disks had longitudinal media Use the approximate approach described by Pedétseith
and so the magnetic moments were in the plane of the disk§mall (5%-10% interference. The second consideration is
All disk substrates were glass. The media noise limitedhat the cluster shapes are modeled as cylintfesince
signal-to-noise ratio $,/N,,) of magnetic transitions was transmission electron microscopff EM) shows that the
determined by flying an inductive thin-film write head on a physical grains adopt a columnar morpholdgy.Finally, it
spinning disk, writing magnetic transitions spaced 125 nmis necessary to include a distribution of cluster sizes.
apart, and reading back the signal and noise using a sensitive Our modeling shows that the magnetic SANS data can
read head. Th&,/N,, increased from 28.5 to 31.5 to 34 db be well fit using a log—normal distribution of cluster sizes.
for So, To, and Cy, respectively. The best fit cluster-size distributions are shown for the three
For these measurements, it is important that the entir@isks in Fig. 2, while the comparison between the data and
disk is initially (B=0 data seétin a state where the magnetic fits are shown in Figs.(b)-1(d) by the lines. Although other
moments of the clusters are randomly orientedy., a high  good fits can be found, all reasonable fits yield distributions
noise statg since this will result in the largest signal and no close to those shown in Fig. 2. Such cluster-size distributions
artificial correlation. To do this, both recording surfaces ofhave not been reported before for thin-film recording media;
the disk were first fully magnetized in one circumferential they are the significant result from this letter and allow sev-
direction by scanning the entire surface with the inductiveeral important conclusions to be drawn. First, these results
write head held at a constant high magnetic field. Then, thehow that the medi&, /N, is inversely correlated with the
disk surfaces were scanned with the magnetic field from thenagnetic cluster size. This is apparent from Fig. 2 when one
head oppositely oriented and with a strength approximatelyecalls thatSy/N,, increases from So-To-Cy, and provides
equal to the remnant coercivity of the media. This causedirm experimental verification of the models which have pro-
approximately half of the magnetic grains to randomly re-posed that smaller clusters give largy/N,.*>2°
verse direction, leaving a maximally noisy state. The disks A second important conclusion follows from a compari-
were sliced into eight pieces and stacked to create 16 magon of the magnetic cluster size to the physical grain size,
netic layers for SANS measurement. which were obtained from grazing incidence x-ray

Typical data for both fields are shown in Figal(Cy), _diffractior?®?’ and TEM. The inset to Fig. 2 shows these
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