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Atomic layer stacking structure and uniaxial magnetocrystalline
anisotropy for c-plane oriented Co films sputtered on
inclined crystal plane of Ru underlayer
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Relation among structure of Ru underlayer and atomic layer stacking structure and uniaxial magnetocrystalline
anisotropy (K. of sputtered Co films was discussed. Small torque with amplitude below theoretical limit
| K Cobulk_27(AfsCobulk)2 | = 6,8X108 erg/cm? was obtained for Co film with thickness dco < 30 nm deposited on rough
Ru underlayer. Structure analysis of the thin Co films with dco < 30 nm deposited on rough Ru underlayer
demonstrated that: 1) Magnitude of stacking faults were less than 1%, which meant the Co films had almost perfect
hep stacking, 2) Lattice constant ¢ was expanded about 0.6% with retaining lattice constant a, 3) Thin Co films had
rough surface which reflected morphology of the Ru underlayer. According to these results, it was thought that initial
Co growth reflected vertical stacking of Ru underlayer on inclined crystal plane of the rough Ru underlayer. Au was
derived by correcting torque amplitude with self-demagnetizing energy considering surface morphology of Co film. Ku
took maximal value of 5.0X106 erg/cm3 at dco = 30 nm, and rapidly decreased with decreasing dco.. Reduction of K. in
dco < 30 nm might be caused by decrement of crystallographic uniaxial anisotropy for Co film due to expansion of the ¢
axis.

Key words: c—plane oriented Co film, stacking faults, uniaxial magnetocrystalline anisotropy, epitaxial growth,
bumped Ruthenium
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Fig. 1 (a) Saturation magnetization M and (b) 2 theta
component of the saturation torque /2652t as functions of
thickness of Co film dco. Solid circle and open square plots
relate to Co films deposited on Ru underlayer of 8.0 Pa, 200
nm (Rurueh), and 0.6 Pa, 5 nm (Rufat), respectively. Dotted
lines in (a) and (b) show A% for Co bulk, self-energy by
demagnetizing field and Zpes2t for the Co films with
uniaxial magnetocrystalline anisotropy Au of Co bulk.
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Fig. 2 (a) Out-of-plane and (b) in—plane XRD profiles for
the Co films deposited on Rurueh, Upper and bottom profiles
show powder diffraction patterns of hep Co and Ru,
respectively.
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Fig. 3 (a) Dependence of lattice constant a (left vertical
axis), ¢ (right vertical axis), and (b) lattice constant ratio
cla on dco for Co films deposited on Rurugh, Dashed line
indicates c¢/a for solid spherical model.
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Fig. 4 Dependence of corrected /10.0/fi1.0 on dco for Co films
deposited on Rurugh, The right vertical axis indicates the
probability of ~A—B-C— atomic-layer stacking, F 9.
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Fig. 5 Cross sectional STEM images of (a) dark field and
() Ru, and () Co EDX maps for a 4nm Co film on
Rurugh, View1 and 2 show different fields of views.
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Fig. 6 Schematics of cross sections of the (a) thick and (b)
thin Co films deposited on Rurugh, and schematics of
stacking structure around (c) surface and (d) boundary
between Co and Ru layers. Small and large spheres
indicate Co and Ru atoms, respectively.
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Fig. 7 Dependence of Izt on thickness of FeCoB film

dreco for FeCoB amorphous films deposited on Rurough,

Dashed line shows self energy due to demagnetization
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Fig. 8 Demagnetization factor as a function of dfecon for
FeCoB amorphous films deposited on Rurueh (@) and
calculated value (CJ). Insets show schematics of cross
sectional views for the amorphous FeCoB films on
Rurough‘
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Table 1 Parameters for numerical analysis to derive

the demagnetizing factor of ferromagnetic films
deposited on a rough underlayer.
drore (nm) Numbers of grains ANumbers of division/ grain
in—plane Out—of-plane
4 32768 2048 32
16 32768 2048 64
50 8192 2048 64
100 8192 2048 128
200 8192 2048 128
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Fig. 9 Dependence of (a) K, () P and (¢) lattice
constant ratio ¢/aon dc, for Co films deposited on Rurough,
Dashed lines in (a) and (c) show A for bulk Co and ¢/a for
solid spherical model.
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DRENZIBNT Co FEERLD ¢ AMPIE Ui Soet Bk N 2 5
Helgofclzb B2 N5,

BB SUBHMERIC H T2 0, I T R AR T A T k%
KBt OBBEE BN/ b N LN BRI L E .
ARBFEIR A IE R B &, FERIRTIE BLEEE 22 - 7524
DY EZ T TTbhTz.

References

1)  G. B. Mitra and N. C. Halder, Acta Cryst., 17, 817 (1964).

2)  A.Ishikawa and R. Sinclair, JEEE. Trans. Magn., 32, 5 (1996).

3) T. Shimatsu, H. Sato, Y. Okazaki, H. Aoi, H. Muraoka, Y.
Nakamura, S. Okamoto, and O. Kitakami, J. Appl. Phys., 99,
08G908 (2006).

4)  P.Bruno, Phys. Rev. B, 39, 865 (1989).

5) S. Hinata, R. Yanagisawa, S. Saito, and M. Takahashi, J. 4ppl.
Phys., 105, 07B718 (2009).

6) S. Saito, A. Hashimoto, D. Hasegawa, and M. Takahashi, J. Phys.

Journal of the Magnetics Society of Japan Vo0l.37, No.6, 2013



7
8)

9)

D: Appl. Phys., 42, 145007 (2009).

10) A.J.P. Meyer and P. Taglang, C. R. Hebd. Seances Acad. Sci., 231,

N. Nozawa, S. Saito, S. Hinata, and M. Takahashi, J. Appl. Phys., 612 (1950).

46, 172001 (2013). 11) R. Pauthenet, Y. Barnier, and G. Rimet, J. Phys. Soc. Jpn., 17, 309
S. Saito, K. Inoue, and M. Takahashi, /[EEE Trans. Magn., 47, 3955 (1962).

(2011).

S. Yonemura, S. Saito, A. Hashimoto, and M. Takahashi, J. Magn. 20134F6 A30A S, 2013499 B, 201349824 AReR
Magn. Mat., 320, 3053 (2008).

Journal of the Magnetics Society of Japan Vo0l.37, No.6, 2013

377





