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Influence of stress on nucleation field of CoCrPt perpendicular media
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The influence of stress on the nucleation field was investigated for CoCrPt perpendicular media
grown on a Ta/Hf buffer layer. The nucleation field increased-tb.5 kOe (second quadrant
following postdeposition annealing of a sample at 232 °C in air for 1 h. The residual in-plane stress
for the annealed film was tensile, and in-plane x-ray diffraction showed thatttatice parameter
increased with increasing annealing time. It is believed that the change in stress was due to surface
oxidation of the CoCrPt film. The increased stress anisotropy perpendicular to the plane of the film
resulted in the increased nucleation field. 2002 American Institute of Physics.
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I. INTRODUCTION 280 °C. The buffer layer consisted a 5 nm Taseed layer

Interest in perpendicular recording technology has beeﬁollowed b_y a 10 nm buffer of Hf. The buﬁe_r layers were
generated over concerns about the thermal stability of Iongi§pUtteer in 3 mTorr. (?f Ar. The pressure was increased to 15
tudinal recording media. The demand for higher areal record™ 10! for the deposition of the CogPY film. o
ing densities requires continual reductions in average grain. 1 N€ Sample was annealed on a hotplate at 232°C in air.
size in these thin films, making the media more susceptibl@‘ﬁer a ;et period of time, the sqmple was removed and its
to thermal decay effects. It is thought that perpendicular meMagnetic and structural properties were measured. Subse-
dia may offer some advantage in terms of increased volum@Uenty. the sample was placed back on the hotplate for fur-
by allowing for taller grains. In any case, sufficient magnetic!'¢" treatment. Magnetic properties were measured with a

anisotropy is required to keep written bits stable for extendeé(ibr_ating sample magnetomete_{h/SM) or by magneto-
time periods. optical Kerr effect(MOKE). Lattice parametersag) were

Using high anisotropy media materials is one approacl). easured using in-plane x-ray diffractigkRD). C.hallflges n
to trying to resolve these issubsiaving a material with a ilm stress were recorded with a KLA Tencor thin film stress
squareness ratiéremanent to saturated magnetizatiaf analyzer which measures wafer curvature. Samples for plan-
one and a large nucleation field is desirabfeThe nucle- view and cross-sectional transmission electron microscopy
ation field is defined as the reversing figfateferably in the (TEM) were prepared by mechanical polishing and ion mill-

second quadrant of a hysteresis Ipap which the magneti- "9 Of films grown on Si substrates.
zation starts to drop from its value at saturation. The more
“negative” the nucleation field, the more stable the remaneni!l. RESULTS AND DISCUSSION

magnetic state should be since a larger reversing field is re- Figure 1 shows normalized hysteresis loops versus cu-
quired to alter the magnetization. The value of the nucleationy, jative annealing time as measured by MOKE with the
field should scale with the component of anisotropy in thesig|q applied perpendicular to the plane of the film. Films
direction of the applied magnetic field. _ oxidized in air lost approximately 10% of their moment
This article demonstrates the use of stress anisotropy Werified by VSM measurementdue to surface oxidation of
increase the nucleation field of CoCrPt perpendicular medighe cocrPt. As the total annealing time increased, both the
grown on a Ta/Hf buffer. By annealing a thin film sample in j,,cleation fieldH,, and the slope of the hysteresis loop at
air, surface oxidation produced an in-plane tensile Streséoercivity increased. After the first hour of annealirig,
(compressive stress perpendicular to the plameich pro- i ymped to about—1.5kOe and the coercivity increased
vided a perpendicular magnetoelastic anisotropy componergﬁgh“y_ Further annealing increasédl, to slightly above
This effective increase in anisotropy led to the increased. 5 kOe, but the coercivity dropped. The slope at coercivity

nucleation field. is proportional to a parameter known ag™which has been
proposed as a measure of the exchange coupling and intrinsic
Il. EXPERIMENTAL DETAILS noise in perpendicular recording medi@he increase inx

with annealing time suggested that the exchange coupling
Samples were prepared by dc magnetron sputtering ont@as increased in the CoCrPt by the heat treatments. Since
thermally oxidized S(100) wafers heated to approximately grain boundary oxidation within the CoCrPt would be ex-
pected to reduce intergranular exchange coupling, it is be-
dAuthor to whom correspondence should be addressed; electronic mailieved that the oxidation was limited to the surface of the
christopher.|.platt@seagate.com film.
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FIG. 1. MOKE loops measured perpendicular to the plane for Ta/Hf/CoCrPt 28 (deg)

structure during different stages of annealing treatment. o
FIG. 3. In-plane XRD scans of Ta/Hf/CoCrPt structure after annealing in air

for specified times.

The effects of film oxidation were investigated by an-
nealing a sample in vacuum. Figure 2 compares an as- The change in residual film stress was measured as a
deposited Ta/Hf/CoCrPt sample with one annealed ifynction of cumulative annealing time to compare with the
vacuum at 232 °C for 1 h. In this case, a slight increase in thgncreases irH,, anda,. An increasing in-plane tensile stress
magnetic moment was observed for the annealed samplgas expected based on the results from the in-plane XRD.
which is typical for CoCrPt alloy films. Annealing in vacuum Figures 4a) and 4b) plot the dependence of(H,)) anday,
did not result in a large increase df;, but it did produce an  respectively, versus annealing time for comparison. Figure

increase ina. Therefore, the increase éf, for the sample  4(c) shows an increasing tensile stress with annealing time,
annealed in air was related to the oxidation of the film, butconsistent with the increase af.

surface oxidation was not required to observe an increase in  Cross-sectional TEM was used to compare the micro-
a. structures of an as-deposited structure and one that was an-
The changes in magnetic properties were linked to strucnealed in air. These images are shown in Fig. 5. Plan-view
tural changes in the CoCrPt induced by annealing in airimages(not shown of the two samples were also taken, but
X-ray diffraction in-plane scans for the sample at differentng significant differences were observable in average grain
stages of the annealing process are presented in Fig. 3. Thigze or grain separation. In Fig. 5, an oxide layer approxi-
technique provides information about the degree of Iatticemate|y 5 nm thick is seen at the surface of the annealed
parameter 4,) mismatch between the buffer layer and the coCrPt. The oxidation does not appear to have affected the
CoCrPt film. The mismatch between the Hf and the COCI’PCOCrpt below the oxidized region, and the grain morpho|o_
was about 19% for the as-deposited sample. The Hf peafies of the CoCrPt, Hf, and Ta layers in the two samples are
does not change position after annealing, but the CoCrRijmilar.
(11-20 peak shifted to lower angles due to the expansion of A interfacial amorphous layer can also be seen in the
the CoCrPt lattice. The total Change in lattice parameter Waﬁnages between the Hf and CoCrPt |ayers_ This |ayer has
less than 1% even after extended annealing. been attributed to interfacial stress due to the large lattice
mismatch and the subsequent intermixing of Co and Hf to
form an amorphous regichAn amorphous interlayer was
500 E——— ' ledanln 1535 | not observed by Leet al® for thin (<20 nm) CoCrPt films
----- Annealed 232C/1 Hr ] grown on a CoZr/Ti buffer. In that case, a large negative
in vacuum nucleation field and increased perpendicular anisotropy were
attributed to high magnetoelastic strain in the CoCrPt film
which had expanded its lattice to match the buff&7%
mismatch. The amorphous region appeared, however, in
structures with a CoCrPt film thicker than 20 nm. The thick
CoCrPt was unable to tolerate the high strain energy and
subsequently relaxed to its bulk state after formation of the
amorphous transition region. Th&, was small for the thick
I 1 CoCrPt.
-500 eeeSaARaslealissamadsosacns P In this study, the as-deposited structure had an amor-
12 -8 4 0 4 8 12 phous transition region and a smhl},. A largeH,, resulted
Field (kOe) from postdeposition annealing in air and subsequent surface

FIG. 2. Comparison of as-deposited vs vacuum annealed Ta/HfiCocrF@Xidation. For CoCrPt, similarly annealeq films that were
samples. grown on buffer layersother than Ta/Hf did not show the

Moment (emu/cc)
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> IV. CONCLUSIONS
2.56 The annealing in air of a Ta/Hf/CoCrPt thin film struc-
2 A B ture resulted in a substantial increaseHp. Tensile stress
e L i increased in the plane of the film as a result of the annealing
c) d in the pl f the fil It of th |
s 15 ) —e process and surface oxidation. The increase in the hysteresis
: ' . loop parameter with annealing time suggested that the ex-
o I change coupling among grains in the CoCrPt film was in-
?, 1 / """""""""""""""""""""""""""""""""" 7] creasing. Therefore, grain boundary oxidation within the film
o i was not likely. The magnetoelastic anisotropy introduced by
z 05 ' 4 the tensile stress effectively increased the perpendicular an-
: ' isotropy andH,, of the CoCrPt film.
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