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Texture evolution in CoCrPtTa/Cr/NiAl magnetic recording media
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Crystallographic textures in a CoCrPtTa/Cr/NiAl multilayer magnetic recording media were studied
by electron diffraction. It was found that texture quality evolves through the thickness of the films.
A large improvement of texture quality was discovered at the interface of the Cr and NiAl layers.
Surprisingly, there remains a portion of randomly oriented grains in the CoCrPtTa layer, in addition
to the anticipated grains dfLl010] texture. The texture quality of the CoCrPtTa layer remains
similar to that of the underlying Cr layer. @999 American Institute of Physics.
[S0021-897€09)50108-4

. INTRODUCTION a liquid N, stage of a Gatan 600 ion miller using a single Ar
Co-alloy/Cr/NiAl and Co-alloy/Cr are two major con- iON gun. A Gatan 691 precision ion polishing syst&RiP9
figurations of the multilayergmagnetic layer/intermediate Was used o ion polish the specimen for 5 min at room tem-
layer/underlayer adopted by the rigid disk industfyThe perature. This method of specimen preparation allows for the

first set has many advantages over the latter as far as tffPServation of the CoCrPtTa layer at the edge of the TEM

issues of noise and thermal stability are concerned. The sput@mPple. _ _ _ _
tered NiAl grain size is more uniform and can be as small as  After the first electron diffractioED) experiments, the

one half of that of Cr grain,therefore, smaller Co-alloy SPecimen was further ion polished from the front of the
grains can be obtained. Because of the orientation differSP&cimen to remove the magnetic layer. By carefully control-

ences, the lattice match between the three layers in the firdfd the ion polishing parameters, the Cr layer could be re-
configuration is much better than the laffeAs a result, vealed at the edge of the specimen. Then, ED was carrled.out
there are less structural defects in the magnetic layer, whicA? only the Cr layer. Subsequently, the specimen was ion
allows the Co grains to achieve their maximum magnetoPolished to remove the Cr layer, and the remaining NiAl
crystalline anisotropy. Moreover, in the latter configuration,/@yer was analyzed.
the exchange coupling between the bicrystals within a Co-
alloy (1120) grain results in a reduction of the effective
anisotrop)/f I1l. RESULTS AND DISCUSSIONS

Crystallographic textures developed in an underlayer and
transferred to the magnetic layer can be very poor. Since the Figures 1a)-1(f) are a series of tilted electron diffrac-
magnetic properties are strong]y influenced by the qua“ty ofion patterns of the NiAl underlayer. The specimen was tilted
the texture, it is more important to know the quality of the around the direction shown by the long arrow marked with
preferred orientatiofPO) rather than to simply know what “OT” in Fig. 1 (f). The arrow marked with “OF” shows the
the PO is. direction that the specimen was tilted away from the 0°-tilt

In this article, we have used electron microscopy techEDP [Fig. 1(a)]. Superlattice ringgh+k+1=2n+1, in-
niques to study the texture evolution at different positionsdexed in Fig. 1c)] can be seen in each of the six EDPs.
through the thickness of a CoCrPtTa/Cr/NiAl multilayer These are due to thB2 structure of the NiAl crystal. It is
sputtered on NiP/Al-Mg substrates by production processediteresting to note in Fig. (&) that the{100, {200, and
A tilting electron diffraction techniqu® was used to quan- {400 rings are not present in the 0°-tilt pattern, while other
titatively evaluate the texture quality for each layer. The tex-ings including the superlattice rings, such{ad0, {111,
tures of each layer are compared and discussed in detail. TH810, {211, {220, {221, {310, {311, {222}, {320}, and
purpose of this Study is to C|arify the evolution of the Cr {321} can be observed with different intensities. These pat-

[112], NiAl [112], and the CoCrPtTa[lOTO] textures  terns are consistent with a weak Nifll12] texture, in which
throu'gh the thin-film thickness. the[112] orientations of NiAl grains are not all exactly par-

allel to the film normal but make a distribution inside a large
solid angle around the film normal. The texture axis distri-
Il. EXPERIMENT bution angle(a) is defined as the angle between the surface

Thin films of CoCrPtTa(200 A)/Cr (700 A)/NiAl (940  normal and the edge of the distribution cone. Similar to the
A) were sputter deposited at room temperature using an IFPW50 of an x-ray rocking curve, the larger the texture axis
tevac MDP 250B deposition system. TEM specimens werdlistribution, the worse the texture quality. Therefore, the tex-
mechanically polished from the bac¢kubstrate sideof the  ture axis distribution angléx) can be used to evaluate the
sample. Subsequently, they were ion milled from the back onexture quality.
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FIG. 1. Electron diffraction pattern€EDP9 of the NiAl layer. The EDPs  FIG. 2. EDPs of the Cr layer. The EDPs are taken at different tilt angles

are taken at different tilt angles around the tilt axis @d):0°, (b) 38°, (c) around the tilt axis OT(a) 0°, (b) 29°, (c) 37°, (d) 45°, (e) 52°, and(f) 55°.
41°, (d) 44°, (e) 50°, and(f) 56°.

along OT become smaller, but the arc along OF first in-

The observed rings in Fig.(4 can be divided into two ~creases then splits into two. This can be easily understood in
categories(1) those perpendicular to tHa12] texture axis, terms of the texture dispersion. For the same tilt angle, the
and(2) those not perpendicular to the texture axis. The ringsshorter the OT arc, the smaller thg and the sooner the OF
{110, {111, {210, {220, {311, {222, and {321} fall into  arc splits, the smaller ig. The relationship between the tex-
the first category, while the ring®11}, {221}, {310, and ture axis distribution angle, tilting angle, and the arc degree
{3201, which have angles with112] of 80.4°, 82.2°, 82.6°, IS’ sin(wy/2)=sina/sinp, for a given OT arc. Here, by is
and 83.5°, respectively, belong to the second category. Thée arc degreey is the texture axis distribution angle, apd
presence of the nonperpendicular rings suggests that the tei$- the tilt angle. Therefore, by plotting sing/2) vs 1/sing
ture axis distribution anglda) is larger than 90°80.4° foran OT arc, sim can be obtained as the slope of the line.
=9.6°. As a result, all the rings appear as belts, which aréonsequentlyx can be determined.
wide enough for thd211}, {221}, {310, and{320 rings to Figures Za)—2(f) show a tilting series of EDPs of the Cr
intersect the Ewald sphere. Consequently, these rings appéayer. Because of the bcce structure of the Cr crystal, only the
on a 0°-tilt EDP. The logic behind the missifilgo0} ringsis  reflections with the conditiom+k+1=2n appear, as in-
that the largest angle between 0} and the[112] direc- ~ dexed in Fig. 2a). Again, due to th¢112] texture of the thin
tion is 65.9°, which means that tH&00} belts are too far film, the {200 and{400Q rings are not present in the 0°-tilted
from the Ewald sphere to be shown in a 0°-tilt EDP. Thispattern[Fig. 2@]. The {112 and{310Q rings, which make

indicates that the distribution angle is smaller than 90° angles of 80.4° and 82.6° with the texture axis, respectively,
—65.9°=24.1°. also appear in Fig.(3). By the same reasoning as discussed

Based on the results of x-rag-26¢ diffraction scan for the NiAl layer, the value of the texture axis distribution
curves, previous studiéshave shown that bothl110] and angleais between 9.6° and 24.1°. By comparing Figs. 1 and
[112] POs exist in the same NiAl layer deposited on a glas®, it can be seen that thg10 arcs of Cr are shorter than
substrate. Here, the absence of #iD0} rings confirms that  those of NiAl at nearly the same tilting angle. Also, {200
there is only thd112] PO existing in the studied NiAl layer arcs of Cr each break into two sooner than those of NiAl.
sputtered on the NiP/Al-Mg substrate. However, we cannof hese effects demonstrate that the Cr layer has a stronger

rule out the existence of sonfd10] PO at the NiAl/NiP  [112] texture than the NiAl layer.
interface. Figures 3a)—3(f) are a tilting series of EDPs of both the

As the specimen is tilted away from the 0°-tilt position, COCrPtTa and Cr layers. Because the CoCrPtTa layer is only
the rings present in Fig.(4 become arcs. The rings which 200 A thick, electron diffraction was carried out on both the
are perpendicular to the texture axis show arcs along the tiff0CrPtTa layer and the top part of the Cr layer.
axis, OT, while the nonperpendicular rings’ arcs stay along _From the 0°-tilt EDP[Fig. 3@)], it can be seen that the
the forward direction, OF. As the tilt angle increases, the ar¢1010}, {1011}, and {1012} rings whose largest angles
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FIG. 4. Plots of singy/2) vs 1/sinB of the three layers.

Figure 4 shows plots of sing/2) vs 1/sing for the three
EDP series in Figs. 1, 2, and 3. The data were collected
based on the OT arcs of NiAL10, Cr{110;, and CoCrPtTa
{0002/Cr {110 from the three sets of EDPs. The texture axis
distribution angles of the CoCrPtTa/Cr, Cr, and NiAl layers
were determined to be 10.8°, 10.6°, and 14.4°, respectively.

_ Therefore, thg112] orientations of the NiAl grains are
FIG. 3. EDPs of the CoCrPtTa and Cr layers. The EDPs are taken at dif- .
ferent tilt angles around the tilt axis OTa) 0°, (b) 29°, (c) 38°, (d) 41°, (¢) more dlspersed around the surface_ normal than [IHQ]
44°, and(f) 50°. orientations of Cr grains and1010] orientations of
CoCrPtTa grains. In other words, the use of a Cr intermedi-
ate layer improves the texture quality of the CoCrPtTa layer
over what would be anticipated without the use of the Cr
layer.

from the[lOTO] direction are 60°, 63.8°, and 70.0°, respec-

tively, are present. These rings[df010] texture are too far
from the Ewald sphere to appear on the EDP. Hence, thex CKNOWLEDGMENTS
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