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The effect of Pd seed layer on the magnetic anisotropy in Co films evaporated at oblique
incidence was investigated. The thickness of Pd was 500 A and that ofCo was varied from 100
to 600 A. The substrate temperatures were —60, —30 and20 °C. Negatively large anisotropy
of the squareness ratio appeared in the films prepared at low substrate temperatures —60
and —30 °C though the anisotropy of the reflection coefficient and the magnetic anisotropy
field were positive. The degree of the c-axis orientation perpendicular to the incidence plane
seems to be a little larger than that of parallel one. From these results, it is considered that
the positive in-plane magnetic anisotropy may originate from the shape anisotropy of the
columnar grains and/or magnetocrystalline anisotropy, and the anisotropy of the squareness
ratio does not reflect the in-plane magnetic anisotropy. In the films with negatively large
anisotropy of the squareness ratio, large coercive force perpendicular to the film plane ap
peared. The MH loop in those films can be explained to be superposition of two loops with
small and large coercive forces. We consider that the coercive force of under Co layer is
small and that of over Co layer large.

§1. Introduction

Systems like thin films and multilayers of Pd/Co with Co thickness of fewmono
layer have been intensively studied1) due to their special magnetic properties such
as perpendicular magnetic anisotropy (PMA) and enhanced magnetic moment at
surface and interfaces.2) However, the correlation between magnetic properties and
the structure of the system has not been understood completely yet.

We have so far investigated the uniaxial magnetic anisotropy in obliquely de
posited films.3) There, the easy axis of the anisotropy in the film plane is either
perpendicular or parallel to the incidence plane and the anisotropy has been ex
pressed with positive or negative sign in the former or latter case respectively. The
magnetic anisotropy in obliquely deposited films depends on deposition parameters,
such as deposition rate,4) pressure during deposition,5) substrate temperature,6) in
cidence angle,7) seed layer8) and soon. From the data accumulated so far, the most
effective parameter seems to be the substrate temperature.

On the basis of the results of our preliminary experiment it is expected that the
PMA may appear in Pd/Co films with larger thickness of Co layer. We prepared
[Pd/Co]2 films with Co layer thickness of 100 ~ 600 kA at the substrate tempera
tures of —60, —30 and 20 °C. In this paper, we present the results of the magnetic
measurements, ellipsometry and X-ray analysis, and discuss the Pd seed effect on
the magnetic anisotropy in Co films.
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§2. Experimental details

The Pd/Co films were vapor deposited on glass microscope-slide substrates at
the substrate temperatures Ts of -60, -30 and 20°C. The depositionrate ofPd layer
R(Pd) was 20 A/s and that ofCo layer R(Co) was 0.6 A/s. The nominal thickness
of Pd layer *(Pd) was 500 A and that of Co *(Co) was varied from 100 to 600 A.
The incidence angle of Pd vapor beam was 30° and that of Co 60°. The vacuum
system used an oil diffusion pump with a liquid-nitrogen-cooled trap and its base
pressure was about 2x 10~4 Pa. Thepressure during evaporation was 4.0 x 10~3 Pa,
which was maintained by introducing argon gas automatically through a leak valve.
The magnetic measurement was carried out using a vibrating sample magnetometer
(VSM) and an automatic balancing magnetometer. The geometrical alignment ofCo
columnar grains was followed byellipsometry9) where the light source was an He-Ne
gas laser and its wavelength was 633 nm. The crystallographic preferred orientation
was analyzed by drawing the pole figures, the pole densities of which were determined
using X-ray diffraction with Cu Ka radiation (SmartLab, Rigaku).

§3. Results and discussion

Figure 1 is the schematic representation of the vapor beam direction, film normal(z
axis), incidence plane (yz plane) and film plane (xy plane). In Fig. 2, the anisotropics
of the squareness ratio AMT/Ms of [Pd/Cofe films deposited at the substrate tem
peratures of -60 (•), -30 (•) and 20 °C (A) are shown as a function of Cobalt
thickness <(Co), where AMr is the difference between the remanences in the di
rections perpendicular and parallel to the incidence plane and Ms is the satura
tion magnetization. The anisotropy AMT/Ms is considered to be a measure of the
magnetic anisotropy in cobalt films.10) The anisotropics AMT/Ms are negative in
all t(Co) range irrespective of the substrate temperature. The observed magnetic
anisotropy in Cobalt films has so far been analyzed by taking account of the fol
lowing two anisotropics: (1) The anisotropy of the demagnetizing field due to the
shape anisotropy derived from thecolumnar grain structure.11) (2) Themagnetocrys-
talline anisotropy through the textural structure.12) The shape anisotropy due to
the columnar grain structure can be detected by ellpsometry. or the geometrically
aligned columnar grains the reflection of polarized light depends on the direction of
the electric vector. The reflection coefficient is highest when the vector is parallel
to the alignment. Figure 3 is a plot of the anisotropy of the reflection coefficient
Ar/r of [Pd/Co]2 films deposited at the substrate temperature of —30 °C (•) as a
function of £(Co) whereAr is the difference between the coefficients in the directions
perpendicular and parallel to the incidence plane and r is the average coefficient.
The positive and negative signsofAr/r indicate the alignment in the perpendicular
and parallel to the incidence plane, respectively. The anisotropy Ar/r in Fig. 3 is
almost positive though AMT/Ms in Fig. 2 is negative. This result suggests that the
negative AMT/Ms is not due to the shape anisotropy but the magnetocrystalline
anisotropy.

In order to discuss the contribution of the magnetocrystalline anisotropy to the
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magnetic anisotropy the {0002} pole figure of [Pd/Co]2 films marked by A in Figs. 2
and 3 (*(Co) = 0.3 kA) is represented in Fig. 4. The center of the plot is the film
normal and the solid circle indicates the Co vapor beam direction. The {0002} pole
is in the vicinity of the film plane and the degree of its orientation perpendicular to
the incidence plane seems to be a little larger than that of parallel one. This result
suggests that the magnetocrystalline anisotropy through the c-axis orientation may
contribute positively to the in-plane magnetic anisotropy. Therefore it is considered
that the anisotropy AMT/Ms does not reflect the in-plane magnetic anisotropy. The
in-plane magnetic anisotropy can be estimated precisely by the torque measurement.
Figure 5 shows the magnetic anisotropy field H^ = 2L/Ms of the same films as in
Fig. 3 as a function of £(Co), where L is the amplitude of torque curve in the film

plane and Ms is the saturation mag
netization. The field H^ is positive
in all t(Co) range suggesting that the
in-plane magnetic anisotropy origi
nates from the shape anisotropy of
the columnar grains.

film normal
vapor beam

Fig. 1. The schematic representation of the vapor beam direction, film normal (z axis), incidence
plane (yz plane) and film plane (xy plane).
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Fig. 2. The i(Co) dependences of the anisotropy of the squareness ratio AMT/Ms for [Pd/Co]
films deposited at the substrate temperatures of -60 (•), -30 (•) and 20 °C (A).
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Fig. 3. The i(Co) dependence of the anisotropy of the reflection coefficient Ar/r for [Pd/Co]2 films
deposited at -30 °C.
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Fig. 4. The {0002} pole figure of [Pd/Co]2 films marked by Ain Figs. 2 and 3 (£(Co) = 0.3 kA).

0
o

5:

2.0 r

1.5 -

1.0

0.5

0.0

0.0 0.2 0.4

t(Go) (kA)
0.6

Fig. 5. The t(Co) dependence of the magnetic anisotropy field Hk for the same [Pd/Co]2 films as
in Fig. 3.
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Finally a short comment on the shape of the MH loop perpendicular to the film
plane will be made. Figure 6 shows the coercive forces Hq(z) perpendicular to the
film plane of the same films as in Fig. 2. The values of Hc(z) for -60 and —30 °C
are beyond 1.2 kOe and much larger than that for 20 °C. The value of Hq(z) beyond
1.2 kOe can not be seen in the pure cobalt films. Figure 7 shows the MH loop for
the same [Pd/Co]2 film as in Fig. 4 which is marked by A in Figs. 2, 3, 5 and 6.
As is seen, there are sharp bends in the loop. From the shape of the minor loop we
supposed that the loop in Fig. 7 is superposition of two loops with small and large
coercive forces. In Figs. 8 (a), (b) and (c) two calculated loops and superposition of
these loops, which are denoted by Al, A2 and A1+A2, respectively, are represented.
The loop in Fig. 8 (c) very resembles that in Fig. 7. We consider that the Hq(z) of
under Co layer is small and that of over Co layer large.

o

o
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tCCo) (kA)

Fig. 6. The i(Co) dependences of the coercive forcesHc(z) perpendicular to the film plane for the
same [Pd/Co]2 films as in Fig. 2: -60 (•), -30 (•) and 20 °C (A).
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Fig. 7. ObservedMH loop for thesame [Pd/Co]2 film as inFig. 4which ismarked by AinFigs. 2,
3, 5 and6 (t(Co) = 0.3 kA).
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Fig. 8. Calculated MH loops:(a) Hc(z) = 0.2 kOe, (b) Hc(z) = 2.5 kOeand (c) Hc(z) - 1.3 kOe.
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§4. Conclusions

The effect ofPd seed layer on the magnetic anisotropy in Cobalt films evaporated
at oblique incidence was investigated. The deposition rate of Pd layers i2(Pd) was
20 A/s and that of Co layers .R(Co) was 0.6 A/s. The thickness of Pd i(Pd) was
500 A and that of Co t(Co) was varied from 100 to 600 A. The incidence angle of
Pd vapor beam was 30° and that of Co 60°. The substrate temperatures were —60,
—30 and 20 °C. Results obtained are as follows.
(1) Negatively large anisotropy of the squareness ratio AMT/Ms appeared in the

films prepared at low substrate temperatures —60 and —30 °C though the
anisotropy of the reflection coefficient Ar/r was positive.

(2) The {0002} pole in the filmswith negativelylargeAMT/Ms was in the vicinity of
the film plane and the degree of its orientation perpendicular to the incidence
plane seems to be a little larger to that of parallel one suggesting that the
magnetocrystalline anisotropy through the c-axis orientation may contribute
positively to the in-plane magnetic anisotropy.

(3) The magnetic field H^ is positive in these films suggesting that the in-plane
magnetic anisotropy originates from the shape anisotropy of the columnar grains
and/or the magnetocryatalline anisotropy.

(4) In the filmswith negatively large AMT/Ms, large coercive forceHc(z) perpen
dicular to the film plane appeared. The MH loop in those films is explained to
be superposition of two loops with small and large coercive forces. We consider
that the Hq(z) of under Co layer is small and that of over Co layer large.
From the results (1) and (3) it is considered that the anisotropy of the squareness

ratio AMr/Ms does not reflect the magnetic anisotropy in the film plane. In order
to discuss the difference between the signs in AMr/Ms and H^ further investigation
is necessary.
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