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Controlling the magnetic properties of CoCrPt thin films by means
of thin hexagonal-close-packed intermediate layers
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James A. Bain
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CoCrPt films for longitudinal recording media were investigated as a function of substrate bias
applied during the deposition. CoCrPt films were deposited on an underlayer stack consisting of
glass/NiAl/CrMn with bias applied only during deposition of the CoCrPt layer. A strong dependence
of the CoCrPt coercivity on the substrate bias was observed when a thin hexagonal-close-packed
CoCrTa template was added as an intermediate layer between the CoCrPt and NiAl/CrMn
underlayers. This effect was not observed in the absence of the CoCrTa layer. Microstructural
investigation of CoCrPt thin films using grazing incidence and conventional x-ray diffraction
indicated that the lattice of the CoCrPt increased in both the in-plane and normal directions as the
bias was increased. A compositional analysis from both inductively coupled plasma and energy
dispersive x-ray fluorescence measurements revealed that negative substrate bias applied during
CoCrPt deposition changed the Pt content from 12 to 37 at. % in the CoCrPt films. The
compositional change greatly improved the coercivity of the cobalt films up to 4300 Oe. At these
large Pt concentrations, the CoCrTa intermediate layer was needed to reduce the lattice mismatch
between the CoCrPt magnetic layer and NiAl/CrMn underlayers. This resulted in suppression of the
Co ~00.2! out-of-plane texture, and allowed high coercivity to be achieved. ©2002 American
Institute of Physics.@DOI: 10.1063/1.1452255#
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I. INTRODUCTION

Pt is commonly introduced into Co–Cr alloys to achie
high coercivity and good thermal stability since its additi
enhances the magnetocrystalline anisotropy of the a
However, as the Pt content is increased, the hexagonal-c
packed~hcp! structure becomes enlarged and the lattice m
match between CoCrPt and typical underlayers like Cr
creases. Above 12 at. % Pt, the mismatch becomes too
to permit good epitaxial growth, causing an out-of-pla
c-axis texture and poor magnetic properties.1 Frequently lat-
tice matching is enhanced by increasing the body-cente
cubic ~bcc! lattice constant of Cr underlayers by adding V
Mn.2,3 Introduction of a lattice matched hcp template to t
underlayers to maintain better in-plane texture is a
possible.4 In this work we use such a hcp template to acco
modate the compositional change of sputtered CoCrPt al
induced by bias sputtering. The role of this thin hcp CoC
template in obtaing high coercivity and in-plane texture
investigated.

II. EXPERIMENT

CoCrPt magnetic thin films with a Co86Cr12Ta2 ferro-
magnetic intermediate layer and glass/NiAl/Cr92Mn8 under-

a!Electronic mail: hwansoo@ece.cmu.edu
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layers were rf sputter deposited onto a 1 in. glass substrat
without intentional substrate heating. Glass/NiAl/CrM
CoCrPt films were also prepared for comparison. T
CoCrPt layer was prepared under various substrate bias
ditions. However, the CoCrTa, CrMn, and NiAl films wer
deposited without substrate bias. A CoCr alloy target w
bonded Pt chips was used for magnetic film preparation.
base pressure was about 531027 Torr and the Ar sputtering
pressure was fixed at 10 mTorr. Deposition was performe
about a 2.3 W/cm2 sputtering power density. All CoCrP
films were 20 nm thick unless stated otherwise. The thi
nesses of the CoCrTa intermediate layer and NiAl/CrMn u
derlayers were fixed at 4–5 nm and 100 nm/30 nm, resp
tively. The film compositions were determined by ener
dispersive x-ray fluorescence~EDXRF! and inductively

FIG. 1. Structure of the two stacks studied in this work. The CoCrTa in
mediate layer was inserted in stack~b!.
5 © 2002 American Institute of Physics
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coupled plasma~ICP! analysis. CoCrPt films approximatel
300 nm thick were prepared on Si substrates by varying
substrate bias voltage from 0 to2300 V without the other
layers in order to measure the composition of CoCrPt fi
layer. The magnetic properties of the samples were meas
by an alternating gradient magnetometer~AGM! and a vi-
brating sample magnetometer~VSM!. Structural characteris
tics were studied by an x-ray diffractometer~Philips X’pert
Pro with a x-ray lens! using CuKa radiation.

III. RESULTS AND DISCUSSIONS

The two sample structures shown in Fig. 1 were ea
deposited in a single pumpdown without breaking vacuu
NiAl/CrMn underlayers were used in order to induce
smaller grain size and to promote better epitaxial growth
the hcp structure without substrate heating.3 Figure 2 shows
the effect of substrate bias applied during CoCrPt deposit
The film coercivity is enhanced by bias only when t
CoCrTa intermediate layer was present. The coercivity
creased from 1500 to more than 3000 Oe as bias was
plied. In contrast, lower coercivity was maintained in t
films deposited without the CoCrTa intermediate layer. T
results in Fig. 2 are for a CoCrTa thickness of approximat
4 nm. CoCrTa films with thickness greater than 4 nm

FIG. 2. Coercivity dependence of NiAl/CrMn/CoCrTa/CoCrPt and NiA
CrMn/CoCrPt structures on the substrate bias voltage.

FIG. 3. Variations in Co, Cr, and Pt content~at. %! with rf substrate bias
voltages for the CoCrPt films~;300 nm thick! sputtered on Si.
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sulted in a decrease inHc , probably due to the magneti
contribution from CoCrTa, which has a lower magnetic a
isotropy constant. Compositional analysis using both I
and EDXRF techniques revealed that substrate bias app
during CoCrPt deposition led to change in the CoCrPt film
composition. The two methods agree within about 3%. F
ure 3 shows the effect of bias sputtering on the film com
sition. With an increase in bias, the Co content decrea
while the Cr and the Pt contents increase. The Pt con
increased dramatically from 12 to 37 at. % when the s
strate bias was changed from 0 to2300 V. The change in
film composition with substrate bias can be explained by
resputtering process as Denget al. illustrated in CoCrTa thin
films.5 Consistent with this, it was observed that the CoC
film deposition rate changed according to the substrate b
The CoCrPt deposition rate decreased from 11 to 4 nm/
as the substrate bias was changed from 0 to2300 V.

Figure 4 shows a plot of the coercivity,Hc , vs Pt con-
tent of the CoCrPt alloy caused by bias sputtering. We
served the maximum coercivity was achieved at 26 at. %
in the CoCrPt layer when the thin CoCrTa intermediate la
was added between NiAl/CrMn underlayers and the CoC
magnetic layer. In contrast, we note that in related work
maximum coercivity was obtained at 14 at. % without t
CoCrTa intermediate layer. Glijeret al.1 and Ishikawa and
Sinclair6 found that the Pt contents giving the maximum i
plane coercivity in CoCrPt thin films were 13 and 12 at.
respectively. The significant differences in the optimum

FIG. 4. In-plane coercivity (Hc) as a function of the Pt content~at. %! with
a CoCrTa intermediate layer~IL ! and without a CoCrTa intermediate laye

FIG. 5. XRD spectra of the two stacks:~a! NiAl/CrMn/CoCrPt and~b!
NiAl/CRMn/CoCrTa/CoCrPt. The textures are strongly dependent on
CoCrTa intermediate layer.
IP license or copyright, see http://ojps.aip.org/japo/japcr.jsp
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content of CoCrPt films with and without a CoCrTa unde
layer can be explained in terms of microstructural differen
in the two films. As shown in Fig. 5, the x-ray diffractio
spectra for samples without the CoCrTa intermediate la
which have lower coercivity, have a greater amount of~00.2!
growth texture normal to the film’s plane with an increase
substrate bias. This indicates that thec axis in the sample no
longer lies in the plane. The diffraction intensity of the 4 n
thick CoCrTa layer was not detectable~see Fig. 5!. The
~10.0! reflection from a separate 30 nm CoCrTa layer w
observed at a diffraction angle of 2u541.125° when the
CoCrTa layer was deposited with glass/NiAl/CrMn underla
ers. No other peaks were found at 2u535° – 90°, indicating
that this thicker CoCrTa layer was primarily of~10.0! tex-
ture, and was likely to be so-textured as an interlayer. T
x-ray diffraction data indicated that the~00.2!/~10.0! diffrac-
tion peak intensity ratio increases as the substrate bias
creases. In contrast, the growth~10.0! in-planec-axis texture
was maintained in the CoCrPt samples with the thin h
CoCrTa intermediate layer as the substrate bias was
creased. This strongly suggests that the CoCrTa intermed
layer suppressed the CoCrPt~00.2! out-of-plane texture by
reducing the effect of lattice mismatch between the Ni
CrMn underlayers and the CoCrPt magnetic layer as the
content was increased due to substrate bias. The Pt rich fi
it appears, will only developc-axis in-plane orientation when
deposited on a CoCrTa intermediate layer. Upon further
justment in deposition parameters, it was observed that c
civity values up to 4300 Oe were possible when the CoC
thickness was increased to 30 nm and deposited with a
strate bias of2250 V ~which corresponds to 26 at. % Pt!.
This suggests that a strongc-axis in-plane texture can b
sustained for a large Pt content if the lattice mismatch
reduced by introducing a hcp intermediate layer. Finally,
lower coercivity of the stack in Fig. 1~a! at high Pt content is
attributed to increase of the~00.2!/~10.0! fraction in the
CoCrPt with higher bias.

Confirmation of the increase in the CoCrPt lattice co
stant with an increase in the Pt content is shown in Fig

FIG. 6. XRD spectra of the CoCrPt/CoCrTa/CrMn/NiAl stack with~a! con-
ventional x-ray diffractionu–2u scanning and~b! grazing-incidence x-ray
diffraction u–2u scanning.
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Figure 6~a! indicates that the interplanar spacing of~10.0! in
the hcp CoCrPt becomes larger with an increase in subs
bias. Moreover, grazing-incidence x-ray diffraction~XRD!,
shown in Fig. 6~b!, indicates in-plane lattice expansion of th
CoCrPt films by examination of the~00.2! reflection. This
behavior arises because the lattice of normal sputte
CoCrPt films stretches as large Pt atoms become richer in
films. The measurements ofd spacings from conventiona
and grazing-incidence x-ray diffraction indicated that the l
tice of the CoCrPt expanded in both the in-plane and nor
directions as the bias was increased. Direct measureme
the interplanard spacings indicated that the hcp lattice
expanded more in the~10.0! direction than along the~11.0!
in-plane direction. This is likely due to increasingly com
pressive stress in the films with an increase in bias. T
lattice distortion may cause some of the change in coerci
associated with addition of Pt as was suggested by G
et al.1 The improved texture of CoCrPt on CoCrTa vers
that on CrMn is most likely due to the match in symmet
between hcp phases. At these compositions, the in-plane
tice parameter of the dimensions of the two interlayers
very similar. The CrMn cell on the~112! plane is 0.250 nm
30.408 nm while the CoCrTa cell on the~10.0! plane is
0.253 nm30.409 nm.

IV. CONCLUSIONS

A maximum coercivity of 4300 Oe was obtained
CoCrPt films having high Pt contents caused by subst
bias. In-planec-axis orientation is preserved on NiAl/CrM
underlayers by introducing a thin CoCrTa intermediate lay
Bias sputtering changed the Pt content significantly in
CoCrPt films, which, in the absence of the CoCrTa interm
diate layer, induces a large mismatch and results in a
~00.2! out-of-plane texture. However, even with Pt conte
up to 26 at. % in the CoCrPt, the CoCrTa intermediate la
helped the CoCrPt layer retain~10.0! growth texture by re-
ducing the lattice mismatch between the CoCrPt magn
layer and the CrMn/NiAl underlayers.
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