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Structural Analysis of Multiple-structure Multilayered Co/Au Films
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Multiple-structure multilayered Co/Au films (MSM Co/Au) consist of periodic piles of multilayered Co/Au film layers and Au thin
film layers. These films are expected to show more interesting characters than former Co/Au films. Therefore we analyzed their magnetic
properties and annealing effects with VSM, XRD, and extended 3-step model profile fitting The MSM Co/Au films showed a
perpendicular magnetization the same as Co/Au films. Compared to Co/Au films, the XRD peaks of MSM Co/Au films were
complicated, since muitiple-structure has two types of periodic thickness. The MSM Co/Au films kept their structure at 200°C. The
 perpendicular magnetic anisotropy reached the highest value at this temperature. Consequently, these films were annealed at 200°C,
changing an annealing time from 0.5h to 12h. The energy of perpendicular magnetic anisotropy showed the highest value afier
1h-annealing, keeping the multiple-structure. As a result of extended 3-step model profile fitting, the mixed layers between Co and Au
layers decreased from 2 to 1 atomic planes after 1h-annealing. Since Co and Au is a eutectic system, the interfaces became sharper with
annealing.
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1. INTRODUCTION
We have studied the structural analysis of Co/Au films.
Co/noble metal films such as Co/Au films are known for

properties were measured by VSM under 5kOe. Structural
analyses were performed by XRD, using Cu target. (40kV,
200mA) Scanning area is 1.3-15deg (low angle region) and

perpendicular magnetization films, These filns are expected to
be a future material, particularly in a high-density recording
media. 1] Multiple-structure multilayered Co/Au films (MSM
Co/Au films) consist of more complicated structure than Co/Au
films, so that new fimctions will be found For MSM Co/Pd
films, the multistage shape magnetization curve was confirmed
from our studies. [2] This peculiar magnetization character is
caused by a difference in coercivity of each multilayered Co/Pd
film layer of its multiple structure. It is possible that MSM
Co/Au films show the same magnetization curve as MSM
Co/Pd films. In this papes, we report magnetic properties and
amealing effects on MSM Co/Au films. Structural analyses
and magnetic properties were measured by x-ray diffraction
(XRD) and vibrating sample magnetometer (VSM). To analyze
a structural change of interface in detail, a profile fitting method
with the extended 3-step model was used.

2. EXPERIMENTAL

The MSM Co/Au films and the Co/Au films were fabricated
by dual-source RF magnetron sputtering system, using Ar as a
sputtering gas. Structure of MSM Co/Au films are as follows:
[(Co/Au) , /Au] , = [(76A540A) 5/ 95A] 5 Structure of
Co/Au films are as follows: (Co/Au) , = 8.1A/5424) 5
They were amnealed in vacuum (1< 104 Pa), changing an
anncaling temperatwre and an annealing time. Magnetic

30-50 deg (high angle region). The extended 3-step model [3]
was made use of profile fittings to analyze structural changes at
interfaces. The periodic. thickness was determined by optical
thin film model profile fitting, [4]

3. RESULTS AND DISCUSSION
31 Stucture of MSM Co/Au films

MSM Co/An films have more complicated structure than
Co/Au films. Fig 1 shows the periodic thickness of Co/An
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Fig.1 Comparison of periodic thickness
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films and MSM Co/Au films. For Co/Au films, the periodic
thickness Ay consists of Co layer and Au layer. MSM Co/Au
films have two sorts of periodic thickness. One is Ay and the
otheris Ar. The periodic thickness A consists of Ay piled
few times and Au thin-film layer. If the periodic thickness is
piled N times, the total film thickness is expressed NAy in
Co/Au films and is expressed NAt in MSM Co/Au films.
Fig 2 shows the magnetization curve of Co/Au films and MSM
Co/Au films. The MSM Co/Au films showed the same

perpendicular magnetization as Co/Au films.
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Fig 2 Magnetization curve of Co/Au films
and MSM Co/Au films
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Fig.3 XRD patterns of Co/Au films and MSM Co/Au films

The XRD pattem in the low angle region (13-15deg) is lefi, and in the high angle

region (30-50deg) is right.

However, the same multistage shape magnetization curve as
MSM Co/Pd films could not be observed. Fig3 shows the
XRD pattems of Co/Au films and MSM Co/Au films. For both
films, the XRD peaks based on their periodic thickness were
observed in the low angle region. In the high angle region, main
peaks (O order) and satellite peaks (1, +2, ---) were
observed. Here, the main peaks are complex peaks of Co and
Au, and the satellite peaks are based on the periodic thickness.
Fig4 shows the relation of XRD peaks to periodic thickness.
The MSM films contain two periodic thicknesses, so that their
XRD pattens are more complicated than that of Co/Au films.

32 Effect with changes of annealing temperature

The MSM Co/Au films weré annealed at 100 to 4007C,
keeping 0.5h respectively. Fig5 shows the relation between
then it reached the highest value at 200°C. When these films
were annealed at 300°C, the perpendicular magnetic anisotropy
decreased remarkably. The XRD pattem of MSM Co/Au films
still remained afler annealing at 200°C, so that their
multiple-structire was kept at this temperature. Therefore,
200°C is the best temperature to improve their stacking
stracture.

33 Effect with changes of annealing time
In the above discussion, it was found that the best
temperature for the MSM Co/Au films was 200°C. Thus, these

. films were annealed at 200°C, changing an annealing time from

0.5 to 12h. Fig.6 shows the relation between perpendicular
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Fig 4 Relation between XRD peaks and periodic thickness
(Low angle region) -

The peaksof Apand Ay were calculated peaks with the extended 3-step model.
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magnetic anisotropy is reached the highest value after
lh-annealing. Fig.7 shows the changes of XRD pattems with
annealing. The multiple-structure of MSM Co/Au films still
remained after 1h-anmealing, and Au (111) peak appeared in the
high angle region afier 1. Sh-anncaling. After 12h-anncaling the
MSM Co/Au films was keeping their multiple~structure, since
the low angle XRD peaks and the satellite peaks could be
observed, while Au (111) and Au (200) peaks appeared.

" Consequently, the best annealing condition for MSM Co/Au
films were found that these films show a large perpendicular
magnetic anisotropy, keeping their multiple-structure, ic.,
Th-anncaling at 200°C.
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Fig 5 Relation between perpendicular magnetic anisotropy
and ainealing temperature
The MSM Co/Au films were annealed for 0.5h.
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Fig6 Relation between perpendicular magnetic anisotropy

and annealing time
The MSM Co/Au films were annealed at 200°C.
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34 Amnealing effect on interface

Therefore, the MSM Co/Au films were annealed for 1h at
200°C in order to analyze an annealing effect on the interfaces
between Co layers and Au layers in detail. Profile fittings
with the extended 3-step model are very usefil method for
structural analyses of interfaces. Fig8 shows the schematic
view of extended 3-step model. This model was improved i
consideration of two fluctuations that were included in periodic

First of all the periodic thickness must be determined to
perform the extended 3-step model profile fittings. The periodic
thickness was determined by low angle profile, using the
optical thin film model that was based upon the dynamical
theory. Fig9 shows the profile fitting in the low angle region.
The periodic thickness of MSM Co/Au films was 27 atomic
plancs, and the mixed layers of interfaces were 2 atomic planes.
The high angle profile fittings were shown in Fig.10. The
mixed layers decreased from 2 atomic planes to 1 atomic plane
with annealing. This decrease corresponds in that Co and Au is
a eutectic system.
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Fig, 7 Changes of XRD pattemns with annealing
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Fig.9 Profile fitting in the low angle region

4. CONCLUSION

The MSM Co/Au films showed the same perpendicular
magnetization as Co/Au films. However, the same multistage
shape magnetization curve as MSM Co/Pd films could not be
observed The XRD peaks of these films were more
complicated than Co/Au films because there are two periodic
annealed for 1h at 200°C in order to analyze an annealing
effect on the interfaces between Co layers and Au layers in
detail. When the MSM Co/Au films were annealed under these
highest value, keeping their multiple-structure. For the low
angle profile fitting, the periodic thickness of MSM Co/Au
films was 27 atomic planes. For the high angle region profile
fitting using the extended 3-step model, the mixed layers of
inferfaces between Co layers and Au layers decreased a one
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Fig.10 Profile fiting in the high angle

atomic plane with annealing. Consequently, it was found that
the mixed layers of interfaces decreased with annealing, since
Co and Au is a eutectic system.

REFERENCES

{1] H. Fujimori, T. Shinjyou, S. Mackawa, M. Matui,
“ Artificial Metallic Superlattices™ (1995) pp. 19-28

[2] Y. Maeno, H. Yamane, K. Sato, M. Kobayashi
Appl. Phys. Lett. 60(1992) 510

[3] R. Koiwai, Y. Kozuka, T Ishii, Y, Maeno, M. Kobayashi,
“Changes in Structue of Multilayered Cobalt/Noble Metal

Films with Anmealing” MRS-J Vol.26 (now printing)
[4]J. H. Underwood and T. W, Barbee, Jr: Appl.Opt.,
20(1981), 3027

(Received December 20, 2001; Accepted January 31, 2002)



