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Improvement of the Soft Magnetic Characteristics of Magnetic Thin Films for Use
with Perpendicular Magnetic Recording Heads and Media
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S. Nakagawa and M. Naoe, Dept. of Physical Electronics, Tokyo Institute of Technology

Multilayers composed of Ni~Fe and paramagnetic
Coe:Crss interlayers were deposited by facing-targets
sputtering in order to realize extremely soft magnetic
properties and Ni-Fe(111) plane orientation, thus im-
proving the c-axis orientation of Co-Cr crystallites
formed on the Ni—Fe/Cog,Crss multilayered backlayers.
The Coe:Cras layers reveal an excellent c-axis orienta-
tion perpendicular to the film plane and paramagnetic
properties at room temperature, and are thus suitable
for use as underlayers and interlayers of Ni-Fe layers.
Application of an external field Hex of about 80 Oe to
the substrates during the deposition of the multilayers
was very effective for improving the soft magnetic
properties of the Ni-Fe/Cos;Crss multilayers. Further-
more, deposition at a working Ar gas pressure Py, as
low as 0.4 mTorr was very effective for realizing a
higher relative permeability u, of about 6000. The soft
magnetic characteristics of Co-Zr-Ta and Fe-Co-Ta: N
films are also discussed.

Key words: soft magnetic films, perpendicular mag-
netic recording media, backlayers, Ni-Fe/Co—Cr multi-
layers, Fe-Co~Ta films, Co~Zr-Ta films
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Fig. 1 Change in the permeability g, of (NiFe); -
Nb, films as a function of the film thickness for
various values of Nb content x.
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Fig. 2 Comparison of the X-ray diffraction dia-
grams for a Co—Cr single layer and a Co-Cr/Ni-

Fe bilayer.
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Fig. 3 Various configurations of double-layered
media: (a) conventional Co-Cr/Ni-Fe bilayer,
(b) Co—Cr/Ni—Fe bilayer with a Co—Cr underlayer,
(c) double-layered medium using a [NigiFeo/
Cog:Crss], multilayered backlayer.
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Fig. 4 Thickness dependence of the coercivity H.
of a Ni-Fe single layer and Ni—Fe/Al multilayers.
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Fig. 5 Change in the H. and y. values of
[Nig;Fei9/Co06;Cras(5 nm)], multilayers as a
function of the number of layers, N.
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Fig. 6 Dependence on the number of layers, N,
of the saturation magnetization 4zM, of Ni-Fe
multilayered films measured by VSM and FMR,
and dependence on N of the AH of the multi-
layers.
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Fig. 7 Change in the Knoop hardness hx of
[NigiFe1o/Coe7Cras], multilayers as a function of
the number of layers, N.
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Fig. 8 X-ray diffraction profiles for multilayers
with configurations as illustrated in insets (a), (b),
and (c).
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Fig. 9 Rocking curves of the hcp(002) diffrac-
tion of Co~Cr for the three configurations.
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Fig. 10 Schematic illustration of a substrate
holder for applying He,.
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Fig. 11 Measurement direction angle (6) depen-
dence of the relative permeability g, for [Nig;Feq/
Co¢:Cras]: multilayers deposited under various
conditions: (a) prepared without H., (b) prepared
with He, (c) prepared at a low P, of 0.4 mTorr
with Hey.
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Fig. 12 Changes in the 4zM, and g, values of
(Cogs6ZTs4)100-Ta; films as a function of the Ta
content x.
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