IEEE TRANSACTIONS ON MAGNETICS, VOL. 37, NO. 4, JULY 2001 1465

Scatter Diagram Analysis of Cr Segregation in Co—Cr
Based Recording Media

Werner Grogger and Kannan M. Krishnan

Abstract—The segregation of Cr in Co-Cr based thin film In this work, we present an alternative method of anal-
recording media was measured using energy-filtered TEM images ysis using two-dimensional histograms calculated from
and quantitatively evaluated by the scatter diagram (SD) method. element-specific EFTEM images [5]. This technique, which

Following a description of such SD analysis it is applied to . - ) . . .
the measurement of Cr segregation in two CoCrPtB thin film 1S called scatter diagram analysis, makes it possible to obtain

recording media with different Cr contents. Taking the entire reliable, quantitative information on the segregation, globally
data sets into account, the two dimensional distribution of the over the entire image area. Application of the scatter diagram

nonmagnetic, high Cr phase can be visualized and determined analysis of EFTEM elemental maps is demonstrated by the
quantitatively. Cr segregates to the intergranular regions and the measurement of Cr segregation in two CoCrPtB alloys with

sample with the higher Cr content shows a significantly higher . . .
and more uniform distribution of the nonmagnetic phase at the different Cr contents and recording performances. The higher

boundaries. This leads to better magnetic isolation between the Cr content alloy has a better signal to noise ratio (SNR) in
grains and correlates with the better recording performance recording measurements, which is in good agreement with the
observed in the same sample. EFTEM results.

Index Terms—Cr segregation, energy-filtered TEM, recording
media, scatter diagrams. Il. EXPERIMENTAL

The samples investigated were two commercial
|. INTRODUCTION Cops—.Cr.Pl.1Bg1 magnetic thin film media, with the

N Co—Cr ALLOYS used for longitudinal recording mediaS@Me layer/underlayer structure, but different Cr contents of

enhancement in recording performance due to intergranuft @nd 16 at% Cr respectively. Planview specimens of both
isolation is achieved by the segregation of Cr to the graffMpleswere prepared using the conventional TEM preparation
boundaries. An ongoing challenge is the development of3thod of polishing, dimpling and ion-milling. _
suitable analytical technique to measure the segregation of\ll EFTEM workwas done ona Philips CM200/FEG micro-
Cr at the required resolution (around 1 nm) and statisticsfOP€ operated at 200 kV and equipped with a Gatan Imaging
significance. Transmission electron microscopy (TEM) tecffi!ter (GIF). Elemental maps of Co and Cr were acquired using
niques using energy dispersive X-ray spectrometry and electfBf three-window technique [6]. However, small amounts of
energy-loss spectrometry line-scans across the grain boufY9en, due to the surface oxidation of the alloy thin film sam-
aries, as well as energy-filtering TEM (EFTEM), have beepl€s, made it necessary to apply a four-window technique for the
used for such measurements [1]-[4]. These investigations h&/gMaps in order to perform a reliable quantification [7]. Due to
shown that Cr enrichment at grain boundaries can reach {he uniform thickness and in order to keep additional generation
onset of paramagnetism (Cr content-24 at%) providing the of noise to a minimum, the elemental maps were quantified by

necessary intergranular isolation, i.e., exchange-decouplifgrmalizing them to the nominal composition values.
However, reliable quantification from line profiles (with or 'N€ computation of the scatter diagrams was performed

without integration widths) is not straightforward, as signal¥ithin Gatan’s DigitalMicrograph software; the script package
from real media (film thickness around 15 nm) are usually available upon request from the authors.
small and rapidly approach the detection limits. In addition,

these methods also require straight interfaces aligned normal lIl. SCATTER DIAGRAM ANALYSIS
to the surface. For the statistical analysis of the quantified elemental maps
scatter diagrams were used [8], [9]. Scatter diagrams have
Manuscript received October 13, 2000. proven to be an ideal method for determining and visualizing
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Fig. 2. Scatter diagram calculated from the elemental maps shown in Fig. 1.
Lines corresponding to 21 and 25 at% Cr respectively were used to divide the
scatter diagram into three different parts21 at% Cr,21 — 25 at% Cr, and

>25 at% Cr.

25at%

Fig. 1. EFTEM images of a CoCrPtB planview sample (16 at% Cr). (a) Co
elemental map, (b) Cr elemental map. The Cr enriched grain boundaries can be
seen in (b), whereas the same areas are depleted in Co (a).

each representing a different gray value combination. If maps

showing elemental concentrations are used, each point in the
scatter diagram corresponds to specific concentrations of both
elements (i.e., chemical phases). Furthermore, the clusters can
be mapped back to find the image areas where they originate
from to create chemical phase images. The resulting trace backs
do not necessarily correspond to real chemical phases, but, as in
this work, show various compositional ranges.

Cr [at%)

IV. RESULTS AND DISCUSSION

Fig. 1 shows atypical set of elemental maps for the 16 at% Cr
sample. Due to segregation, an enrichment of Cr in between thg 3. Trace back of the Co-Cr scatter diagrams according to the
grains, as well as Co depletion at the same areas can be cleggdynentation shown in Fig. 2. (a) for the 16 at% Cr sample, (b) for the 10 at%
seen. Using these images as input, a Co—Cr scatter diagrarfi' i2"P'e:
calculated as shown in Fig. 2 for the 16 at% Cr sample. One
cluster is recognized in the scatter diagram, which indicatesegions. Assuming constant Pt and B concentrations, a certain
continuous variation in composition from low Cr to high Cr re€o/Cr ratio corresponds to constant values for both Co and Cr.
gions. Additionally, the cluster is elongated along the diagon@he good reason for drawing the lines at constant ratios instead
showing an inverse correlation in composition (high Cr area$ constant Cr values is to suppress thickness and diffraction
have low Co and vice versa) as expected. effects and noise as much as possible. Unfortunately, the para-

In the following processing step, lines representing a specifitagnetic limit for the quarternary Co—Cr—Pt-B thin film media
Co/Crratio are used to segment the scatter diagram into differasta function of Cr content is not well known but it is expected to
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whereas a significant amount (21%) of the image area has a Cr
content of 21 at% or higher for the 16 at% Cr sample. As dis-
cussed earlier, most of this 21% image area is localized at the
intergranular boundaries.

The better grain isolation and therefore less exchange-
coupling for the 16 at% Cr sample agrees well with magnetic
and recording measurements (e.g., 2.5 dB better SNR) [5].

V. CONCLUSIONS

In this paper an efficient method is described for the evalua-
tion of Cr segregation in CoCrPtB recording media. Quantitative
information about Cr enrichment is extracted from the complete
two-dimensional data sets of EFTEM images by scatter diagram
analysis. Using this technique two thin film media with different
Cr contents were investigated. The absolute difference in Cr
content in this study was 6 at%. No generally valid value can
be given on the concentration resolution, however we estimate
that 1-2 at% should be easily detectable. The scatter diagram
analysis yields a clear picture of the amount of Cr enrichment
between the grains, which is significantly different for both sam-
ples. The higher Cr content sample shows a much better grain
isolation which is in good agreement with the better recording
characteristics.
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different ranges.

be somewhere in the vicinity of 23 or 24 at% Cr (well known in X
binary Co—Cr alloys). Hence, we decided to segment the clustep

into three regionsx21 at% Cr,21 — 25 at% Cr, and>25 at%
Cr.
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