APPLIED PHYSICS LETTERS VOLUME 80, NUMBER 7 18 FEBRUARY 2002

Quantitative measurement of Cr segregation in Co  5g_,Cr,Pty 1B 1 recording
media by scatter diagram analysis

Werner Grogger® and Kannan M. Krishnan®
Materials Sciences Division, National Center for Electron Microscopy, Lawrence Berkeley National
Laboratory, Berkeley, California 94720

Roger A. Ristau, Thomas Thomson, Samuel D. Harkness, and Rajiv Ranjan
Seagate Recording Media, 47010 Kato Road, Fremont, California 94538

(Received 29 January 2001; accepted for publication 17 Decembej 2001

We describe the scatter diagram analysis of chemically resolved energy-filtered transmission
electron microscopfEFTEM) images and demonstrate its application in obtaining quantitative
information about the segregation of Cr on the nanometer scale. The recording performance of
Co—Cr based magnetic media depends critically on the microstructure of the thin film alloy, i.e., the
degree of segregation of Cr to the grain boundaries determines the extent of magnetic isolation that
can be achieved. Magnetic isolation of the grains reduces transition widths and thereby allows
increased recording densities. The EFTEM results obtained correlate well with both the magnetic
properties and recording performance of the media; i.e., a higher Cr content of 16catrfidared

with a 10 at. % samp)eshows substantial segregation of Cr with about @06% of the image

area, most of it at the grain boundaries, having a Cr concentration which is higher than 24 at. %, and
a medium signal to noise ratio of 17.8 dB5.3 dB. © 2002 American Institute of Physics.
[DOI: 10.1063/1.1450039

The composition and processing of the Co—Cr alloy thinin high recording density media typically lie in the 10 nm
films, used as magnetic recording media, significantly influrange and the Cr segregation region at the grain boundaries
ence their recording performance, particularly in terms of thés on the subnanometer scale. Numerous experimental meth-
medium signal to noise ratiSMNR).>? It is well known ods have been applied to explore these Co—Cr alloy micro-
that compositional inhomogeneities in the medium are restructure and microchemistry, including nuclear magnetic
sponsible for many of the desirable recording characteristicsesonancé,atom probe field ion microscogyand analytical
Hence, understanding the medium microstructure and micrd¥ransmission electron microscogf EM).>** In a modern
chemistry, particularly the segregation of Cr to the grainTEM one can use a fine prolje-1 nm diameterwith a high
boundaries in Co—Cr based recording media, is essential teurrent density~0.5 nA/nnt), stepping it across the region
obtain further improvements in medium performance. Theof interest, and acquiring either energy dispersive x-ray spec-
regions between crystalline grains are believed to stronglyrometry or electron energy-loss spectromgi£LS) data at
affect the exchange coupling between magnetic grains. ldesach point. In most cases this technique is tedious as it only
ally for maximum SMNR, one would wish to have com- Yyields a linear array of data.
pletely exchange-decoupled, magnetically isolated grains An alternative technique involving spatially resolved
acting as single domain particles. In Co—Cr alloys, segregameasurements of characteristic inner-shell excitations in
tion of Cr to regions between the grains would naturally leadEELS (energy-filtering TEM or EFTENM ° is a powerful
to such a microstructure provided the Cr enrichment is sufmethod for exploring the chemical microstructure of inho-
ficiently high as to render the local Co—Cr composition non-mogeneous alloy recording media. Using EFTEM has the
magnetic in the temperature range of interest, i.e., 280—348dvantage of simultaneously acquiring quantitative element-
K. Further, if the magnetic grains are surrounded by a thirspecific data from the entire image area with a spatial reso-
nonmagnetic layer of this Cr-rich alloy, true isolation would lution below 1 nm**3 However, the question remains on
result leading to a significant reduction in media noise.how to extract representative information about Cr segrega-
Therefore, it is critically important to not only measure the tion from these elemental maps or images. Usually, data ex-
amount of Cr at the grain boundaries but also sample a largéaction has been performed by drawing line profiles inte-
number of such boundaries in a single measurement to pr@ated over a certain number of pixels. The integration
vide statistically significant results. reduces noise but requires straight interfaces, which in many

The lateral resolution required of any such quantitativecases are rather hard to find in a statistically significant num-

measurement is quite small: the diameters of the grains usdter. However, the data are only one dimensional and for
statistically meaningful results a large number of such line
profiles must be analyzed.
INow qt: FELMI, '!'echn_ical University Graz, Steyrergasse 17, A-8010 Graz, A|temative|y, other ana|y5i5 methods can be applied
b)Austrla, electronic mail: werner.grogger@felmi-zfe.at ‘ . vahiCh actually take advantage of the Complete two-
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mail: kannanmk@u.washington.edu ter diagram analysis has proven to be an effective method for
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TABLE I. Magnetic and recording performance data from VSM, RDM, and

spinstand measurements. T&er and SFDr were derived from dcd rema- 02 f 10% Cr
nence curves. The SFDr is the full width half maximum of the differentiated r
dcd remanence curve normalized to the remanent coercivity. 045
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16% Cr 4518 300 0.37 0.84 0.26 17.8 132 0 ~
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extracting quantitative data from imag€s* In this work,
the quantitative statistical analysis of EFTEM elemental
maps using scatter diagrams is applied to measure the segre- FIG. 1. AM curves for two 10% Cr and 16% Cr CoCrPtB alloys.
gation of Cr in CoCrPtB alloys. This letter describes quanti-

tative results that relate magnetic recording performance tg

changes in the medium microstructure due to variation of CELOOO net counts n the elemental mapBherefore, a onv- )
concentration. pass filter was applied to all maps before further quantitative

Two CoCrPtB magnetic thin film media were Sputteredanalysis. As the thickness of both specimens was uniform

on aluminum substrates using a standard commercial difiroughout the images, quantification was simply done by
magnetron sputtering system. The films had similaformalizing gray values of the elemental maps to the nomi-

underlayer/interlayer/magnetic layer structure but with dif-Nal concentrations. . _
fering amounts of Cr in the magnetic alloy. The compositions ~ FOr the statistical analysis of the data scatter diagrams
of the two films were both CoCrPtB. but the Co/Cr concen-Were usedfor a detailed description see Refs. 13 and 14 and
tration ratio of one sample was 70/10 and the second 64/1E8ferences thereinA scatter diagram can be considered as a
atom percent while the Pt and B content were the sanrid two-dimensional histogram showing the frequency of occur-
at. % for both. rence of gray value combinations of two elemental distribu-
The recording performance measurements were madion images. In the case of a correlation between the two,
using a Guzik 1701 spinstand equipped with a 10 Gbft/in. ON€, or more clusters can be seen in the scatter diagram, each
type head at linear densities up to 500 kfci. Basic magneti,ipdicating a different gray value combination. These clusters
propertiesH,, M, M,t, S*r) were measured using a digi- €an be related to different chemical phases, when element
tal measurement system vibrating sample magnetomet§€nsitive imagese.g., elemental mapsare used as input.
(VSM) at a maximum field of=15 kOe and an in-house Furthermore, the clusters can be mapped back to find the
rotating disk magnetometéRDM). Isothermal and d.c. de- image areas where they originate from to create chemical
magnetizing(dcd remanence curve data for theM plots phase Images. _
were taken using a Princeton Measurement Corporation al- SPin stand data of the recording performance show a
ternating gradient force magnetometer. All magnetic propersignificant difference in the two samples, particularly in
ties were measured at room temperature. SMNR, Table I. A difference in SMNR of 2.5 dB indicates
Plan-view specimens for TEM of both samples were prethat the low Cr alloy(10 at. % Cy has significantly greater
pared using conventional preparation techniques includingnedium noise than the high Cr all¢g6 at. % Cy. TheAM
mechanical polishing, dimpling and ion milling. The TEM curves shown in Fig. 1 .|nd|cate a significant difference in
investigations were performed on a Philips CM200/FEG op-<coupling for the two media. A positivaM plot results from
erated at 200 kV. All energy-filtered images, using character@ System where interactions that resist magnetization reversal
istic inner shell excitations in electron energy-loss spectrosdominate. In polycrystalline thin film media this is due to
copy (ColL,; and Cr_,; edges, i.e., @ to unoccupied @  exchange coupling between graifisA negative AM plot
transitions following dipole selection rulesvere acquired indicates that demagnetizing or magnetostatic interactions
with a Gatan imaging filter. Elemental maps were calculatedrevail. The data in Fig. 1 clearly demonstrate that exchange
using the three-window techniqd®. However, small coupling is significantly reduced in the case of the sample
amounts of oxygen, due to the surface oxidation of the alloyith 16 at. % Cr compared with that of the 10 at. % Cr me-
thin film samples, made it necessary to apply a four-windowdia. This is also consistent with the switching field distribu-
technique in the case of Cr in order to perform a reliabletion (SFDr parameteiS*r (Table 1 where the more highly
quantificatiorf The window positions were 500/520/557/593 exchange coupled medium leads to a narrower SFDr.

Applied field [Oe]

eV for Cr and 731/76/797 eV for Co(prel/pre2/pre3/ Figure 2 shows the EFTEM results for the 16 at. % Cr
postedge windoyy and a slit width of 30 eV was used. The alloy. Due to different diffracting conditions, only a few
exposure times were between 15 and 30 s. grains are visible in the bright field imad€&ig. 2@)]. The

There are additional constraints in the observableslemental maps of Co and Cr in FiggbRand Zc) show the
EFTEM signal strength arising from the optimization of the effect of the Cr segregation to the grain boundaries; clearly,
media for recording purposes. As the magnetically active re€r is enriched whereas Co is depleted. The scatter diagram
cording layer is thin~15 nm it provides only a small num- [Fig. 2[d)] confirms the expected inverse correlation between
ber of scattering atom@round 100—200 Cr atoms per fim the Co and Cr distributions as an elongated cluster along its

and the available signals are rather we#@jpically 200—  diagonal. Additionally, it only showenecluster indicating a
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FIG. 2. EFTEM images of a CoCrPtB
alloy with 16 at. % Cr(a) TEM bright
field image. The elemental maps of the
ColL,; (b) and CrlL,; (c) ionization
edges show the Cr enrichment along
the grain boundaries and in the center
of some grains. Using quantified el-
emental maps calculated froth) and
(c) a two-dimensional scatter diagram
(d) was calculated. The scatter dia-
gram clearly indicates an inverse rela-
tionship between Co and Cr and a con-
tinuous variation of both elements.
Using lines at certain Co/Cr atomic ra-
tios the scatter diagram was seg-
mented into regions of different Cr
contents. From these regions a trace
back was computed for both samples
[16% Cr:(e) and 10% Cr(f)], show-
ing regions with the same Cr content
in the same shade of grdgee corre-
sponding circles in(d)].
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