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In the CoCrTa/Cr system, it has been postulated that segregation of nonmagnetic constituents to
grain boundaries is responsible for the low noise and high coercivity. However, direct experimental
evidence is still lacking. In this investigation, we have carried out microstructural studies using
transmission electron microscopy (TEM) and atomic resolution transmission electron microscopy
(ARTEM) of CoCrTa/Cr films produced under varying processing conditions. We found that the
stacking fault density and the degree of crystalline perfection between the faults is most important
in increasing the coercivity and improving signal-noise properties as indicated by AM
measurement. High substrate temperatures and high Cr and Ta concentrations promote the
occurrence of the stacking faults in the films. In conjunction with ARTEM results, we propose that
these faults provide possible sites for elemental segregation which is partially responsible for
reducing the magnetic coupling among the unfaulted hcp regions in the CoCrTa films. We also
provide microstructural evidence supporting the picture that the high-frequency mechanical texture
lines break the intergranular coupling normal to the texture lines resulting in circumferential
anisotropy. Grains are crystallographically correlated to form clusters between the texture lines but
such correlation is broken up by the texture lines. This gives rise to an effective shape-induced
anisotropy. We believe that the cluster size plays a more important role than does the grain size in
determining the magnetic properties of CoCrTa/Cr media. © 1994 American Institute of Physics.

I. INTRODUCTION

It has been generally accepted that a reduction in the
intergranular exchange coupling is critical to obtain low
noise magnetic thin film recording media.'? In the
CoCrPt/Cr media used successfully for 1 Gbit/in. high den-
sity recording, Yogi ef al. used high sputtering Ar pressures
to generate physical separation of grains which apparently
leads to the reduced intergranular interaction. Isolation of
magnetic grains has also been reported by Yamashita and
Chen by controlling the nucleation and growth of the under-
layer NiP film in the CoNiPt/NiP system.’ In sputtered
CoCrTa/Cr recording media the low noise and high coerciv-
ity have been attributed to the segregation of the nonmag-
netic constituents to the grain boundaries.’ However, little
convincing direct experimental evidence has been provided.

Using NMR to investigate the local composition around
the Co nuclei in the CoCrTa/Cr films, Maeda et al. found
that the NMR spectra varied systematically with the sub-
strate temperature (T,,).° In conjunction with the
chrisanthemum-like patterns obtained through chemical etch-
ing, they concluded that segregation occurred within the
CoCrTa grains as well as at the grain boundaries, as Ty,
increased. It is well known that the grain boundaries are
easily attacked by chemical etching. Moreover, stress,
chemical inhomogeneity, and precipitates can all give rise to
selective etching,” which could result in the chrisanthemum-
like patterns. Hence, we believe that additional studies are
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required to attribute the chrisanthemum-like patterns exclu-
sively to Cr segregation.

Chan et al.® investigated the Cr segregation at grain
boundaries in heat treated bulk CoCr alloys by energy dis-
persive x-ray analysis (EDX). No evidence of Cr enrichment
at grain boundaries was found within the instrumental reso-
lution (200-500 A). In the CoCrTa system, Cheong, Feng,
and Laughlin® have observed Ta rich precipitates (Co;Ta,
L1,) in the fcc CoCrTa matrix of Cog, gCry4¢Ta, ¢ target ma-
terials, after heat-treatment at 500 °C. It is therefore of inter-
est to find out whether similar types of precipitates or per-
haps other forms of segregation can exist in CoCrTa films
using atomic resolution transmission electron microscopy
(ARTEM) which is a powerful tool to study fine-scale pre-
cipitates, as well as the fine structure both in Co grains and at
grain boundaries.

Duan et al.'” have attempted to correlate the microstruc-
ture with magnetic properties using transmission electron mi-
croscopy (TEM) in the CoCrTa/Cr systems. In their studies,
the films varied in both crystallographic texture and mag-
netic properties. Since different crystallographic textures will
produce different imaging conditions during observation of
the samples by TEM, it is difficult to judge whether the
reported change in contrast comes from the change in crys-
tallographic texture or from other effects.

In most commercial Co/Cr media, the substrate disks
have been circumferentially textured. This mechanical tex-
ture can induce a circumferential magnetic anisotropy and
enhance H,, S, and S* 112 Ag a result, both H,.and M,
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measured in the circumferential direction are greater than in
the radial direction. The anisotropy has been found to depend
on T, , bias voltage, the thickness of the Cr underlayer (¢c,),
the thickness of the Co alloy film (), as well as the surface
roughness.!’'* A number of mechanisms have been pro-
posed to explain the origin of this anisotropy. For example,
circumferential alignment of the ¢ axes'! or acicular grain
growth!? along the circumferential direction have been pro-
posed. More recently, Coughlin et al. have suggested that the
high-frequency texture lines break the intergranular coupling
normal to the texture lines resulting in the circumferential
anisotropy.!* However, no supporting microstructural evi-
dence was provided.

In this study, we first describe a modified routine to the
conventional jet-polishing technique developed to prepare
plane-view thin film TEM specimens from CoCrTa/Cr re-
cording disks. Then, we present and discuss the microstruc-
ture of CoCrTa/Cr films with varying magnetic properties but
all having the {1120} crystallographic texture. The defect
structure and the possible segregation will be examined us-
ing ARTEM. Finally, we will present a picture of the micro-
structural origin of the magnetic anisotropy which is induced
by the mechanical texture.

Il. EXPERIMENTAL PROCEDURES

The ion-milling technique has been widely used to pre-
pare thin film specimens from magnetic recording disks for
transmission electron microscopic (TEM) studies. This tech-
nique could introduce artifacts caused by the high energy
ions. Also it takes a long time to prepare specimens. Further-
more, it is difficult to obtain a large region that is thin
enough for observation by the Lorentz technique. Jet electro-
polishing is a commonly used technique in metallurgy. The
usual apparatus is made up of a specimen holder and a pol-
ishing unit with an automatic shut off.® Co/Cr thin film mag-
netic recording disks have a complex composite structure,
which consists of five layers of different materials, namely,
the Al alloy disk, the amorphous NiP electroless-plated on
the disk, the Co/Cr bilayer films, and the protective overcoat-
ing. This composite structure has posed difficulties in finding
an electrolyte suitable for all these layers. Also, unlike pre-
paring TEM specimens from bulk materials in which both
sides of the specimen undergo polishing simultaneously, the
film side must remain untouched by the chemical solution.
Therefore, it is necessary to find a coating which protects the
film surface from the polishing solution, yet is transparent to
light so that the polishing process can be automatically
stopped as soon as the perforation occurs.

The electrolyte used for CoCrTa magnetic disks in our
study contains 15% butyl alcohol (butanol), 65% ethanol,
and 20% perchloric acid. The composition is close to that
used in jet-polishing CoCr alloys.'® This solution can polish
all the layers in the CoCrTa magnetic disks.

Coupons with area 1 cmX2 cm were first cut from the
disks and the original overcoating of the disks were removed
by plasma etching. They were then mechanically polished
from the Al side until a thin foil with a thickness of 150 mm
was obtained. A number of microstop coatings were tested
which would protect the film surface from the polishing so-
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FIG. 1. A bright field image of the CoCrTa magnetic disks using jet-
polishing. The stripes shown in the photograph are mechanical texturing
lines. The original overcoating on the disk was removed by plasma etching
after jet-polishing.

lution, yet would be transparent to light. A solution consist-
ing of a mixture of saturated microstop and acetone with a
ratio of 2.5:1 was found to work best. A thin layer of this
solution was painted on the film side of the foil and a 3-mm-
diam disk was punched from the thin foil after the paint
dried. Even though the thin layer of this paint on the film can
resist the attack from chemical etching it can not withstand
the stream of the electrolyte during jet-polishing. A thin
piece of glass (7059 Corning glass) was therefore put over
the film side of the 3 mm disk before the cover was screwed
into the jet-polishing holder. The polishing started with 30 V
and 40 mA with finishing condition 20 V and 25 mA at a
temperature ranging from 0 °C to —5 °C. The microstop pro-
tective layer was removed by dissolving it in acetone before
the sample was examined with a Philips (420T) transmission
electron microscope (TEM) and a JEOL 4000EX atomic
resolution transmission electron microscope (ARTEM). With
this modified routine, we can obtain a large thin area exceed-
ing 10 umX10 wm, as shown in Fig. 1 which is much larger
than the recording bit size.

Ill. RESULTS AND DISCUSSION
A. Stacking faults

Fringe contrast within the grains has often been observed
in Co based longitudinal recording media. Hono et alV’
demonstrated unambiguously that the fringe contrast is due
to (0002) stacking faults, which appear to be the dominant
structural defect in Co based alloy films. In the CoCr system,
Cr additions were found to increase the fault density.® The
faults and grain boundaries in CoCr bulk alloys have been
reported to act as pinning sites which impede domain wall
motion.® The significance of the faults was pointed out by
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FIG. 2. Bright field TEM images of Cog, gCr4 Ta, 4(400 A)/Cr films depos-
ited on mechanically textured NiP/Al disks under the conditions (a) Cr: 600
A, 260 °C; Co: 260 °C; (b) Cr: 150 A, 260 °C; Co: 260 °C; and (c) Cr: 600
;\, 260 °C; Co: room temperature. The coercivity of these films are 1750,
1622, and 788 Oe, respectively. All films displayed the {1120} texture.

Tang et al. in a paper discussing CoNiCr and CoFeCr thin
film media.'® Unfortunately, their conclusions were based on
a comparison between two films from different media, i.e.,
CoNiCr and CoFeCr, both of which have a relatively low H,
(<1000 Oe). Therefore, it is important to study the effect of
the stacking faults on the magnetic properties in the same
media and which also have the same crystallographic texture
(the ¢ axis in-plane).

Earlier, we demonstrated that CoCrTa/Cr films, despite
having the same {1120} crystallographic texture, could be
produced to have drastically different magnetic characteris-
tics when the deposition temperature of the magnetic layer
was varied. The bright field TEM images of two such films
are displayed in Fig. 2(a) (sample D, where the CoCrTa was
deposited at 260 °C) and 2(c) (sample A, where the CoCrTa
was deposited at RT). The Cog, gCr,4¢Ta, ¢ film, deposited at
260 °C [Fig. 2(a)], has a much higher H,, and had a higher
stacking fault density. Also the grain boundaries were quite
distinct. The regions between faults had a more uniform con-
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FIG. 3. Bright field image of CogCr;,Ta)(400 A)/Cr (600 A) film on a
mechanically textured NiP/Al disk. The H, of the film is 1310 Oe.

trast than those shown in Fig. 2(c), indicating that the elastic
strain in those regions was lower.

The impact of a high density of stacking faults can be
considered in two ways. First, these faults could provide sites
for solute segregation which could reduce exchange coupling
between the hcp regions separated by the stacking faults.
Elemental segregation at stacking faults has been commonly
known as the Suzuki effect.'” Additionally, the elastic strain
in the films would be minimized due to the formation of the
high density of stacking faults. If the strain had built up, the
magnetocrystalline anisotropy may have decreased thereby
lowering the H, and noise properties of the films.

In part I of our study (previous article of this issue), we
showed that the composition difference in the CoCrTa targets
gave different H,. dependences on Cr bias voltage on pre-
heated substrate temperature. The lower Co concentration
films (Cog, 4Cry4 T, ¢/Cr) had much higher H, than the Co
richer films for a given T, even though they had a lower
M ;. Fewer stacking faults were observed in the Co rich films
(CogeCry,Ta,/Cr) as shown in Fig. 3. This also suggests that
the higher H, of the film with less Co is probably due to a
higher density of the faults and therefore possibly more seg-
regation for a given T, .

B. Grain size

Figure 4 shows the grain size change for two Cr films
with different Cr film thickness. As the thickness of the Cr
films increases, the grain size also increases. In order to
investigate the grain size effect on H,, we varied the Cr
underlayer thickness at 260 °C while keeping the CoCrTa
thickness constant. We found that the increase in H, at
260 °C was less than 10% when ¢, was increased from 150
to 3000 A.%° This indicates that H, of the CoCrTa films is not
strongly influenced by the Cr underlayer grain size.

Figure 2(b) displays the TEM bright field image of a
Cogy §Cr14 6Tay (400 A)/Cr(150 A) film deposited at 260 °C.
The H, of this film is quite similar to that of the film formed
on 600 A Cr [Fig. 2(a)]. This also shows that the underlayer
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FIG. 4. The microstructure of Cr films deposited on NiP/Al disks at room
temperature with thickness of (a) 360 A and (b) 1470 A.

grain size does not strongly effect the H, of the CoCrTa
films.

It is worth pointing out that the grain size of the Co film
is often not well defined. When the magnetic layer is depos-
ited at room temperature, the grain boundaries are not dis-
tinct. On the other hand, when the magnetic layer is depos-
ited at 260 °C with the underlayer of Cr having the {200}
crystallographic texture, two crystallographic variants of the
CoCrTa grains can form on each of the Cr grains, with their
¢ axes normal to each other.?! Additionally, the CoCrTa
grains have low angle grain boundaries and form clusters
with closely related crystallographic orientation. The size of
these clusters plays an important role in determining the
magnetic properties of the films because magnetic coupling
among the grains in the cluster should be strong. More re-
sults on cluster formation will be discussed in Sec. III D.

C. ARTEM and segregation

To maximize the grain growth and segregation, a me-
chanically textured NiP/Al substrate was heated at 260 °C
and Cog, gCry4¢Ta, ¢ film was fabricated with a low Cr and
CoCrTa sputtering rate of 20 A/min. Also, a thicker CoCrTa
film (800 A) was sputtered so that it would be easier to
remove the Cr underlayer (2500 A). )

The films had a predominant {1120},/{200}¢; crystallo-
graphic texture, revealed by selected area diffraction. Figure
5 displays the ARTEM image of one of the CoCrTa grains
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FIG. 5. An overall ARTEM image of one CoCrTa grain, with a {1120} plane
in the plane of a Cog,gCrysTa,6 film with a Cr underlayer thickness of
2500 A deposited at 260 °C.

with a (1120) orientation. The most striking feature of the
image is the existence of the high density of faults. Two
crystallographic variants with their ¢ axes normal to each
other are present. The origin of the two variants has been
discussed by Wong et al.?'*

Unlike the bulk Cog, gCry4 ¢T3, ¢ target materials where
ordered Co,Ta precipitates grew from the fcc matrix after the
heat treatment,” no precipitates have been observed either
inside the hcp CoCrTa grains or at their grain boundaries.
Since the segregation could occur near the stacking faults,'
EDS is not an effective technique to investigate the Suzuki
effect because of its spatial limitation. However, such solute
enhancement near stacking faults has been directly observed
in other Co alloys (Co-0.98 at. % Nb and Co-0.98 at. % Fe)
by the atom-probe field-ion microscope.”?* Since the
CoCrTa films produced at elevated substrate temperatures
had more faults, we propose that it is segregation to the
stacking faults which causes the increase in H .. Such segre-
gation would reduce the intergranular exchange coupling be-
tween unfaulted hcp regions in the CoCrTa/Cr system,
thereby increasing H, and perhaps also reducing the noise.

D. Mechanical texture

We performed microstructural studies on the
Cog, gCry46Ta, 6 (400 A)/Cr(600 A) films sputtered on tex-
tured NiP/Al at both RT and 260 °C. The ratios of H ||/H L
and m,|/m,L ranged from 1.1 to 1.5 and 1.1 to 1.3, respec-
tively. Figure 6 shows a pair of bright and dark field images
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li‘IG. 6. A pair of bright and dark field images of a CogygCr4 T2, 6(400
A)/Cr (150 A) film prepared at 260 °C.

of a Cogy gCry4 ¢Tas ¢ (400 A) film with Cr underlayer thick-
ness of 150 A. The H,, S, and S* of the film in the circum-
ferential and radial directions are listed in Table I. The dark
field image reveals that grains grown between two adjacent
texture lines were grouped as clusters which are crystallo-
graphically correlated. We believe that the intergranular mag-
netic coupling within these clusters would be strong. Such
correlation is, however, broken up by the texture lines. This
would give rise to an effective shape-induced anisotropy.
This finding supports the picture that the high-frequency tex-
ture lines break the intergranular coupling normal to the tex-
ture lines, resulting in the circumferential anisotropy.'*

Figure 7 shows a magnified image of a cluster of grains
consisting of two crystallographic variants of CoCrTa as well
as low angle grain boundaries. Since the Cr underlayer is
only 150 A thick, this cluster could not be grown on only one
Cr grain. Thus, neighboring Cr grains at high sputtering tem-
peratures also appear to grow on their substrate with closely
related crystallographic orientation. It can be seen that such a
correlation is stopped at the mechanical texture line.

The micrographs displayed in Figs. 6 and 7 show that
CoCrTa grains were more or less equiaxed in shape. Also,
the intensity of all the selected area diffraction (SAD) pat-
terns did not show significant variation around the rings over
regions of the order of the SAD aperture (Fig. 8). This indi-

TABLE I. The H,, S, and S* in circumferential direction and radial direc-
tion are listed for the Cog, gCry46T256 (400 A)/Cr(150 A) film deposited on
circumferentially textured NiP/Al disk at 260 °C.

H,. (Oe) N S*
Circumferential direction 1622 0.93 0.91
Radial direction 1322 0.78 0.67
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FIG. 7. A magnified region containing a cluster of grains near the mechani-
cal texture line.

cates that the Co and Cr films did not possess in-plane crys-
tallographic texture in spite of the forming clusters between
the texture lines. These results indicate that the circumferen-
tial anisotropy does not originate from the alignment of the ¢
axes or acicular grains along the texture lines (compare Refs.
11-13).

IV. CONCLUSIONS

We have performed studies on the relationship among
processing, microstructure, and magnetic properties of
CoCrTa/Cr longitudinal recording media. Our findings are as
follows:

(1) A high density of the stacking faults and the degree of
crystal perfection between the faults are most critical for
obtaining high H, and low noise CoCrTa/Cr recording
media as indicated by AM measurement. High substrate
temperature and high Cr and Ta concentration promote
the formation of stacking faults.

(2) No precipitation of a secondary phase was observed ei-
ther at grain boundaries or inside CoCrTa grains using
ARTEM. We believe that the stacking faults, and possi-

FIG. 8. SAD pattern of the film shown in Figs. 8 and 9 using a 1 mm
aperture. The presence of the (0001) ring indicated by the arrow is due to
double diffraction and shows that the film is strongly textured with the ¢
axes in the plane of the film.
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bly the grain boundaries, provide sites for elemental seg-
regation. Elemental segregation to the stacking faults
(the Suzuki effect) could be responsible for reducing the
exchange intergranular interaction, and consequently,
gives rise to the higher H . and better noise properties.

(3) The enhancement in H. at elevated Ty, is not strongly
influenced by the Cr underlayer grain size. The grain size
of the CoCrTa films is ill-defined because of the forma-
tion of clusters of grains in the films prepared with high
T, and lack of distinctive grain boundaries for the film
deposited at low temperature. The size of these clusters
will influence the magnetic properties of the films.

(4) We have developed a modified routine of conventional
jet-polishing technique used to prepare thin film TEM
specimens from CoCrTa/Cr magnetic disks. The prepa-
ration of TEM specimens with this technique takes con-
siderably less time than the ion-milling technique, and
eliminates possible artifacts induced by ion-beam.

(5) We also have provided the microstructural evidence sup-
porting the picture that the high-frequency texture lines
break the intergranular coupling normal to the texture
lines resulting in the circumferential anisotropy. Grains
are crystallographically correlated to form clusters be-
tween the texture lines but such correlation is broken up
by the texture lines. This give rise to an effective shape-
induced anisotropy.
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