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Role of B on grain sizes and magnetic correlation lengthsin

recording media as determined by soft x-ray scattering

Olav Hellwig', J. B. Kortright?, D. T. Margulies', B. Lengsfidd®, and Eric E. Fullerton'
'1BM Almaden Research Center, San Jose, CA 95120

’Materids Science Divison, Lawrence Berkdey Nationd Laboratory, Berkeley, CA
94720

We have measured the chemicad grain szes and magnetic corrdaion lengths in CoCr-
based magnetic recording media films using resonant soft x-ray smdl-angle scattering.
We find that the addition of B, while leading to dightly smdler physcd grans,
dramaticaly reduces the magnetic corrdation length. These results show that B additions
effectively act to suppress intergranular magnetic exchange via segregation to the gran

boundaries.

PACS# 75.50.Ss, 75.25,+z, 61.10.Eq, 75.50.Tt



In magnetic recording thin-film media the sgnd-to-noise ratio (SNR) needed for
high-densty recording is achieved by datidicadly averaging over a large number of
weekly interacting megnetic grains per bit [1,2]. The granular microsctructure limits the
magnetic correlations to length scaes comparable to the gran sze and dlows
information to be written on a finer scale than possble in a homogeneous magnetic film.
This microdructure is currently achieved in sputter-deposited CoCrPtX dloy thin films
where X = Ta or B [2-7]. When grown a eevated temperatures, these aloys phase
segregate into  hign-moment  magnetic  grains surrounded by non-magnetic  boundary
regions [5-7]. Further improvements in recording peformance are expected from
improved underlayer sructures and the use of more complex dloys to reduce the grain
sze and intergranular coupling. As this evolution continues, it is increasingly important
to understand the growth and phase segregation of complex dloy films [3] to gan insght
into the noise behavior and the potentid onset of therma dtability issues [2].  In this letter
we use resonant soft xray smdl-angle scattering (SAS) to probe spatia characteristics of
both chemical segregation and magnetic corrdations in CoCr, CoPtCr and CoPtCrB
longitudind recording media specificdly to understand the role of B on the performance
of advanced recording media We find that the characteristic length scale of the chemica
Segregation is reatively insendtive to the dloy compogtion. In contragt, the magnetic
correlation length is dramaticaly reduced with the addition of B, demondrating its
effectiveness in reducing the intergranular exchange.

Resonant  spectroscopies of 3d trandtionmetd films a the L edges provide
powerful techniques to investigate magnetic and chemical dructure [8]. In the present

work we exploit emerging resonant SAS techniques to probe in-plane structurd and



magnetic order over lemgth scdes ranging from the x-ray wavdength |, 1-2 nm, up to
~300 nm [9]. This approach has been used to identify chemica segregation in Fe-Cr
dloy films [10], measure magnetic doman and grain Szes in Co/Pt multilayers [9], and
initid gudies have shown its effectiveness for sudying recording media [11]. Although
neutron SAS has been applied to magnetic media [12,13] the resonant capabilities are
paticularly useful for sudies of CoCr-based dloys dgnce there is typicdly little
scattering contrast between Co and Cr. By tuning to the L-edges of either Co or Cr, the
scattering contrast can be enhanced by over an order of magnitude [9]. Furthermore,
gnce the Cr is predominantly non-magnetic, tuning to the Cr edge enhances the chemicd
contrast, while tuning to the Co edge enhances both chemical and magnetic contrast.

The films used in this study are sputter deposited onto a 150-nm thick 2x2 mn?
SN membranes to fadlitate transmisson x-ray measurements. The media compostions
studied are CorgCrzp, CogsoPtyCr» and an advanced CoPICrB recording dloy. The
underlayer structure described in Ref. 5 provides a textured Cr(001) layer for the growth
of the media layers, which grow hcp-[1120] textured with the magnetic essy c-axis
oriented randomly within the plane of the film. The media layers are ~300 A thick and
capped with a 50-A amorphous C layer. Magnetic measurements confirm that the
magnetic easy axes are in plane with coercive fidd vaues, H, of 0.3, 0.9 and 2.3 kOe for
the CoCr, CoPtCr, and CoPtCrB films, respectively. Out of plane measurements show
increasing anisotropy vaues with the addition of Pt and B to the dloy, as expected [5].

The symmetric transmisson SAS geometry used here is shown in the inset of Fg.
1b. This geometry keeps the scattering vector q (megnitude g = 4psng/l ) in the film

plane to maximize sendtivity to in-plane order. Measurements were made by either



scaning g a fixed xray energy, or by scanning the x-ray energy a fixed Qq.
Measurements were made at the Advanced Light Source. The SAS scans described here
were measured on bending megnet beamline 6.3.2 with a range of polarization Sates
usng asdepodted films to dudy intrindc magnetic corrdations. Additiond SAS
measurements and transmisson absorption spectra were measured at the undulator
beamlines 8.0 and 4.0 using linear and circular polarization, respectively.

SAS g scans measured at the resonant intensity peaks at the Co and Cr L3 lines
574 and 778 eV, respectively, are shown in Fig. 1. Scans of the common underlayer
structure (without any media layer) reved the contributions from the underlayer and the
SIN membrane. These scans are dmog featureless, with enhanced low q scattering that
is adso observed in scattering from the substrate alone, and with a weak, broad peak at g @
0.015 A observed a the Cr resonance. For the samples with media layers there is
additional, strong SAS at both the Cr and Co edges arisng from the media layer. This
scettering is drongly resonantly enhanced, as is illusrated in Fg. 1b by the 10-fold
decrease in scattering just 10 eV below the Co L3 peak (dashed line) compared to that
measured a the peak (open circles). Similarly strong and sharp resonant enhancements
are observed near the Cr L3 line.

All the SAS stans from the media samples show smilar features. The Cr-edge
data has a pesk at q ~ 0.07 A for dl samples  This pesk results from interference
between wedl-corrdated neighboring scattering centers separated by 2p/q ~ 100 A,
typica of grain diameters observed in transmisson dectron microscope (TEM) images of
media grown on smilar underlayers [5]. We attribute this Cr resonant pesk to the

average gran diameter Dy of the media It is well established that chemica segregation



during the growth of CoCr dloys involves Cr diffuson to the grain boundaries resulting
in a magnetic Co-rich core of the gran with non-magnetic or weskly magnetic Cr-rich
gran boundaries [6,7], as shown schematicdly in Fig. 1b. Thus, by tuning to the Cr
edge, we are enhancing the contrast between the magnetic grain and the Cr-rich grain
boundaries.

To gan additiond insght into the origin of the scattering we compare the results
of Fig. 1 to cdculaions of the scattering from a mode media structure shown in Fg. 2a
The light areas represent the grains and the dark areas the grain boundaries. Choosing
1024 nuclegtion cells a random from a 256 by 256 aray of cdls generaied grain
digributions. Each nuclestion cdl defined a grain center and the cdls closest to a
nuclegtion dte were assgned to that grain. The cells comprisng a grain boundary were
assigned a vaue of zero and the cells comprising a grain were assigned a vaue of one.
Figure 2a represents a portion of one such grain digtribution.

Fotted in Fig. 2b is the grain diameter didribution n(D) giving the probability of
a gran of diameter D which includes the width of the grain boundary. The solid line is a
fit of n(D) to alog-norma digtribution:

n(D) u exp(— In(D/D,)*/2s 2) 1)
where y=6.5 unit cdls (vertical dashed line) is the mean grain diameter and s=0.29 is a
dimengonless geometric dandard deviation.  Such a didribution is often used to
characterize experimentaly observed grain-diameter didributions in recording media [2].
The expected scatering intendties from this gran dructure are given by their power
spectrd densty (PSD) obtained as the square of the Fourier transform of the red space

digribution [9]. Plotted in Fg. 2c is the azimuthdly averaged PSD vs. radid . Thereis



pesk in the PSD that corresponds closely to 2p/Dg shown by the verticd dashed line.
This comparison supports the interpretation that the Cr edge pegks in Fig. 1 are related to
the average grain sze. Shown in Table | is the average grain sze for the three media
layers determined from the podtion of the Cr-edge intendty peek. The gran dze is
ingengtive to dloy compostion, decreasng only dightly with B addition. However, the
narrowing of this high-q peak on progressng from Fig. 1b to 1d suggests a sharpening of
the grain sze digribution.

The Co-edge data shows the same interference pesk a q ~ 0.07A™ that was
observed in the Cr-edge data, as wdl as additiond scattering at sgnificantly lower g
vaues. The obsarvation of high-q resonant scattering from the grain structure a both the
Co and Cr edges confirms that this scattering arises from in-plane compostiond
variations of Co and Cr. The additional lower-q scattering arises predominantly from
corrdlated magnetic regions larger than the grain size. For the CoPXCr film (Fig. 1¢), this
additional scattering is clearly resolved as a pesk a& q ~ 0.015 A corresponding to a redl
space distance of ~ 400 A. The magnetic origin is identified from the energy dependence
of the scattering as described in Refs. 9 and 11 [14] where the energy dependence is
quantitatively modeled usng measured Co magnetic scattering factors near the Co L
edge. To quditatively separate the magnetic and charge scattering we subtracted the Cr-
edge daa, which is primarily dructurd in origin, from the Co-edge data [15]. This
difference is shown as the open diamonds in Fig. 1, and represents scattering with
magnetic origin.

The pesk in the difference plots represents the average magnetic correlation

length, whose vaue is liged in Table | for the different media films. From Fig. 1 and



Table 1 it is clear that the average grain Sze does not vary sgnificantly with composition
of the dloy while the magnetic corrdation length is dramdticaly reduced with the
addition of B. Micromagnetic modding suggests that intergranular exchange coupling is
the dominant term in determining the magnetic corrdation length. The dronger the
intergranular exchange, the larger the magnetic correlations in the media [16] and it is the
magnetic corrdaion length more than the physicd grain sze that contributes to the SNR
and recording performance. The coincidence of the pogtion of the magnetic peaks in the
CoCr and CoPtCr films with the weak Cr resonant peak in the underlayer suggests that
the underlayer microdructure may dso influence the magnetic corrdation lengths in
these media layers, but not in the CoPt(CrB film. These SAS reaults indicate that the main
advantage gained in recording performance from B addition arises more from reducing
the intergranular exchange and the magnetic corrdation length, than from reductions in
the physcd gran dze The reaults dso show that the magnetic corrdation length is
goproaching the physcd gran dze limit in advanced media  This concluson is
consstent with magnetic recording studies where the magnetic correlation length can be
inferred from the media SNR. For the media described in Ref. 5, e.g., TEM andyss
determined an average physical grain size of 83 A and andyss of the media SNR
estimated a magnetic correlation length of 95 A

In concluson, we have measured the chemicd gran dzes and magnetic
correlation lengths in CoCr-based magnetic recording media films using resonant soft x-
ray smdl-angle scatering.  We find that the addition of B, while leading to dightly
gndler physcd grans dramdicdly reduces the magnetic corrdation length.  This

suggests that B additions effectivdy act to suppress the intergranular exchange via



chemicd segregetion to the grain boundaries. The observation of srong resonant
scatering from both magnetic and chemica dructure highlights the gpplicability of these
resonant scattering  techniques for assessang future longitudind  and  perpendicular
recording media, where grain Szes and magnetic corrdations lengths < 100 A are

anticipated.
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Figure Captions:

Figure 1: Resonant soft X-ray SAS scattering from the underlayer structure without a
media layer (&) and from CoCr (b), CoPtCr (c) and CoPtCrB (d) media measured a the
Co edge (open circles) and Cr edge (filled diamonds). The insst of (b) shows the
scettering geometry and the media layer with magnetic grains (diameter D) with the in-
plane magnetization direction represented by the arows and non-maegnetic gran
boundaries. The open diamonds are the difference between the Co- and Cr-edge data

The dashed line in (b) is the non-resonant scattering measured 10 eV below the Co edge.

Figure 2. (8 Red space image of a modd closed-packed granular micogtructure with a
gran dze didribution.  Light and dark cells represent grans and grain  boundaries,
respectively. The average grain diameter is ~6.5 cdls (b) The open symbols are gran
diameter didribution n(D) giving the probability of a gran of diameter D. The solid line
is a fit of n(D) to a log-normd didribution (Eq. 1) with Dp=6.5 cdls (shown by verticd
dashed line) and s=0.29. (¢) The radidly-averaged PSD of the granular structure shown

in () where the dashed lineis 2p/Dy. The solid linein (c) isaguideto the eye.
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Sample Grain size (A) Magnetic correlation
length (A)
CoCr 95 420
CoPtCr 105 450
CoPtCrB 88 120

Table I: Average physca and magnetic grain sizes for the CoCr, CoPtCr and CoPtCrB

aloy media determined by resonant SAS.
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