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Abstract: The effect of surface induced anisotropy and interfacial anisotropy on the magnetic properties of Co thin films
have been presented. The surface roughness of 100 nm Co film on both the glass and Si (001) substrate is found to be ~ 50
Oe. But the surface roughness of the same thick Co film on GaAs (001) substrate is enhanced to ~ 80 Oe. The enhancement
of coercivity of Co thin film on GaAs (001) substrate is due to the special interaction between transition metal Co and
GaAs (001). The anisotropy field due to the cobalt silicide interface is responsible for large saturation field required to
saturate the Co/Si sample. The squareness of Co thin film on both the glass and GaAs (001) is ~ 1. On the other hand, it is
reduced to 0.45 for Co/Si system. Both the surface induced and interfacial anisotropy fields influence the shape of the

hysteresis loop.
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1 Introduction

The integration of ferromagnetic and semiconductor
materials in spin electronics has recently become a
promising key for device physics [1-2]. It is known that
surface and interface of ferromagnetic thin film influence
the magnetic properties, such as magnetic hysteresis,
magnetic anisotropy, coercive force, magnetoresistance as
well as structure of the magnetic domain [3-7]. The
structural and magnetic properties depend strongly on the
film preparation conditions, quality of the substrate,
substrate cleaning method and types of substrate.
Therefore, it is important to perform magnetic and
morphological investigations of the identical samples
deposited in the same preparation conditions. In this
research, identical thin films of Co are deposited on glass,
GaAs (001) and Si (001) substrates.
Ferromagnetic/semiconductor ~ hybrid  structures  of
Co/GaAs and Co/Si are of particular interest in the field of
spintronics because of sensitive dependence of magnetic
properties on structural parameters near the interface due to
the lattice mismatch between the ferromagnetic Co and
semiconductor substrates [8-10]. Specially, Co films have
been widely investigated due to their larger magnetic
anisotropy constant [11-12]. The hexagonal-close packed
(hcp) structure is the most stable phase for bulk Co at room
temperature. Epitaxial growth can be used to obtain face-
centered-cubic  (fcc) phase at room temperature.

Unfortunately, cobalt reacts with Si to form cobalt silicide
alloys very easily and also creates a disordered Co/Si
interface [13]. It is very difficult to grow Co film
epitaxially and generally characterized on hcp or
polycrystalline phase with in-plane uniaxial magnetic
anisotropy [14]. Sometimes Au and Cu buffer layers are
used to prevent inter diffusion of Co and Si [15-16]. If the
thickness of the buffer layer is tens or even hundreds of
nanometer then the spin injection through the
metal/semiconductor is reduced significantly [16-18].

Magnetic and morphological properties of Co thin
film on plasma etched Si (100) substrate were investigated
by Li and Wang [11]. They found that the uniaxial
anisotropy decreased with the increase of surface
roughness and disappeared for the roughest film. Their
investigated result also suggested that, with the increasing
surface roughness, the magnetization reversal changed
gradually from magnetization rotation dominated for the
smoothest films to domain-wall motion dominated for the
roughest films. Sakamaki and Amemiya have investigated
the effect of surface roughness and interface on the
magnetic properties of Co thin film [19]. They have
observed that the rough sample with rough interface favors
in-plane magnetization more than the sample with sharp
interface.
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2 Experimental details

Substrates are etched by using semiconductor grade
chemical compound (Semico 23 clean, Japan). The
substrates are immersed in the solution of Semico 23 clean
and the glass container containing the solution is placed on
an ultrasonic bath for 5 minutes. The substrates are rinsed
with deionized water. The substrates are dried by flowing
Nitrogen gas. Si-doped GaAs (001) substrate (GIRMET
Ltd., Russia) with an electron carrier concentration of
1x10% m= was used in this research. The deposition rate
of Co film was 10 As~! onto glass, GaAs (001) and Si
(001) substrates by e-beam evaporation method at a base
pressure of 5x107 Torr. The substrate was kept at room
temperature during the film deposition.

The film thickness was measured by Fizeau
interferometer fringe method using Sodium lamp.
Magnetization was measured using VSM at room
temperature. The magnetic field was parallel to the film
plane. The roughness of the Co films deposited onto glass,
GaAs, Si substrates was measured by an Atomic Force
Microscopy (XE-100 SPM, Perk system) located in our
university central science laboratory. All  AFM
measurements are done in non-contact mode of SPM. In X-
ray diffraction measurement, the Co films grown on GaAs
(001) and Si substrates exhibited polycrystalline hcp
structure. The measurements were performed using an X-
Ray diffractometer with Cu Kol radiation. The
characterizations were carried out in ambient air at room
temperature.

3 Results and Discussion

Many magnetic properties such as magnetic anisotropy,
magnetization  reversal  process, Coercivity and
magnetoresistance are affected by surface and interface of
ferromagnetic thin film. In addition to the surface and
interface of ferromagnetic film on semiconductor substrate,
it is known that the thickness, the composition, preparation
conditions and crystalline structure also determine the
magnetic properties of the films. Therefore, to understand
the effect of surface roughness and interface on magnetic
properties, other factors which influence the magnetic
properties must be controlled. In this study, 100 nm Co thin
films are deposited on glass, GaAs (001) and Si (001)
substrates at room temperature. The magnetization of as-
deposited Co film is carried out in ambient air at room
temperature.

The magnetization processes of 100 nm Co film
are shown in figure-1. It is seen from the figure that the
coercivity of 100 nm Co film on glass substrate is only 50
Oe and the squareness of the hysteresis loop is about 1. On
the other hand, the coercivity of the same thick Co film on
GaAs (001) is 80 Oe and the squareness is ~0.9. The
coercivity of 100 nm Co on Si (001) substrate is 50 Oe but
the same sample shows a remarkable reduction of the

squareness. The squareness of Co/Si is only 0.45. The
saturation field of 100 nm Co on glass substrate is ~ 60 Oe
where as it is 200 Oe for the same thick Co on GaAs (001).
The value of saturation field of 100 nm Co on Si (001)
substrate is increased to 250 Oe. It is known that the shape
of the hysteresis loop depends on the anisotropy energy as
well as roughness of the film. The relationship between
coercivity and roughness for a relatively thick film is
complicated, rather than a simple monotonic relationship
[20]. In general, films cannot be grown perfectly.
Roughness appearing in the film plays significant role in
modulating the magnetic properties. For in-plane
magnetization, local magnetizing fields at the surface and
interface reduce its anisotropy. The coercivity of
ferromagnetic field increases with the increase of surface
roughness [4].
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Figure 1: Magnetization process of 100 nm Co thin films

on (a) glass, (b) GaAs and (c) Si substrates. The magnetic

field was parallel to the film plane. Measurement is carried
out at room temperature.

In order to understand the effect of surface roughness on
coercivity, the roughness was studied by an AFM. Figure-2
shows the 3D AFM images of 100 nm Co films on glass
and Si (001) substrate. The corresponding 2D AFM images
of the same thick films on glass and Si (001) are shown in
figure-3. Figure-4 shows the 2D AFM image of 100 nm Co
film on GaAs (001) substrate. The rms value of the surface
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roughness of 100 nm Co on glass substrate is ~10 nm. Our
previous study on Co/GaAs (001) system showed that the
rms value of the surface roughness of 100 nm Co film is
only ~ 2 nm [4]. On the other hand, the rms value of the
surface roughness of 100 nm Co film on Si (001) substrate
is found to be 18 nm. It is seen from figure-3 that the grain
size of Co/glass is very small. It becomes larger in Co thin
film on Si (001) substrate. The value of grain size of Co
thin film is increased significantly when deposited on GaAs
(001) substrate. It is speculated that the enhanced coercivity
is due to a special interaction between Co film and GaAs
(001) substrate, since enhancement of coercivity did not
appear in Co film deposited on Si (0 0 1) and glass
substrate [4].

Figure 2: 3D AFM image of 100 nm Co film on glass
substrate (a) and Si (001) substrate (b).

The large saturation field and the reduction of the
squareness of Co films as shown in figure-1 can be well
understood by the magnetization process explanation sketch
as shown in figure-5. There is no intermixing between Co
and glass substrate and the interface is sharp. Therefore, the
anisotropy field from the interface is zero. Only surface
induced anisotropy field (Bsurf ani) and in-plane anisotropy
field (Bani) are present. The grain size of Co thin film on
glass is very small. Therefore, the anisotropy field due to
the rough surface is small for Co film glass substrate. Only
the in-plane anisotropy field dominates hysteresis loop.
When the magnetic field is applied parallel to the film
plane, magnetic saturation takes place rapidly as shown in
figure-1a. Therefore, the magnetization process of 100 nm
Co on glass showed almost square like hysteresis loop. But

Co diffuse into Si substrate and interface is present between
Co film and Si substrate. For Co/Si system, surface induced
anisotropy field (Bsurf ani), in-plane anisotropy field (Bani)
and interfacial anisotropy field (Bint_ani) due to the interface
are present (figure-5b). It is known that the interfacial
anisotropy field and surface induced anisotropy fields are
laid perpendicular to the film plane [21-22].
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Figure 3: 2D AFM images of 100 nm Co thin film on glass
(a) and Si (001) (b) substrate.

When the magnetic field is applied parallel to the film
plane, the saturation takes place slowly as shown in figure-
1c and in figure-5b. This is due to the fact that, the in-plane
anisotropy field is laid parallel to the film plane but the
interfacial anisotropy field and surface induced anisotropy
fields are laid perpendicular to the film plane. Therefore, a
large value of external magnetic field is required for
saturating the sample. Due to this large external saturating
magnetic field, the squareness of the hysteresis loop is
reduced.

0 2.5

On the On the other hand, the shape of the hysteresis loop
of 100 nm Co on GaAs (001) (figure-1b) is different than
that of 100 nm Co film on glass and Si (001) substrate. It is
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known that cobalt begins to react with GaAs (001) at
relatively higher temperature (> 370 degree) [23]. Cobalt
did not react with GaAs (001) in our sample. Therefore, the
interfacial anisotropy is zero. For Co/GaAs system, surface
induced anisotropy field (Bsurf_ani) and in-plane anisotropy
field (Bani) are present. It is evident from our previous
report that the surface roughness is very small for Co film
on GaAs (001).
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Figure 4: 2D AFM image of 100 nm Co film on GaAs
(001) substrate.

The surface induced anisotropy field is small and laid
perpendicular to the film plane. The in-plane anisotropy is
much larger than the surface induced anisotropy field.
When the magnetic field is applied parallel to the film
plane, the saturation takes place rapidly as shown in figure-
1b.
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Figure 5: Magnetization process thin films without the influence

of anisotropy field (a) and under the influence of anisotropy fields

due to the surface roughness and interface (b). The magnetic field
Bo is parallel to the film plane.

This is due to the fact that, the in-plane anisotropy field is
laid parallel to the film plane but the surface induced
anisotropy fields is laid perpendicular to the film plane.
Therefore, a relatively small value of external magnetic
field is required for saturating the sample. The squareness
of the hysteresis loop is increased due to the relatively
small external saturating magnetic field.

4 Conclusions

Magnetic anisotropy due to surface roughness and interface
influences the magnetization process. Square like hysteresis
loop and relatively small saturation field is observed in
Col/glass system. The coercive field of 100 nm Co on glass
is only 50 Oe. This is due to the fact that the magnetization
is dominated by the in-plane anisotropy field. The presence
of interfacial anisotropy field in Co/Si (001) system is
responsible for large saturation field and hence a small
values of squareness of the hysteresis loop. Both the
interfacial and surface anisotropy fields influence the shape
of the hysteresis loop. Therefore, it is evident from the
explanation curve that the resultant field due to the
interfacial anisotropy and surface induced anisotropy fields
is comparable with in-plane anisotropy field. The coercive
field of Co thin film on GaAs (001) is enhanced due to the
special interaction between Co and GaAs (001) substrate.
Therefore, it is evident from the experimental observation
that the magnetic properties like coercive field, squareness
and saturation field can be modulated by surface roughness
and interface induced anisotropy fields.

Acknowledgements

This work was partially supported by the financial support
from National Science and Information & Technology
(NSICT) Fellowship, Provided by the Ministry of Science
and Information & Technology, Government of
Bangladesh. The authors would like to thank Atomic
Energy Commission, Dhaka and Central Science
Laboratory, University of Rajshahi for providing
experimental support.

References

[1] S. Datta and B. Das, Electronic alalog of the electro-optic
modulator, Appl. Phys. Lett. 56 (1990) 665-667.

[21 G. A. Prinz, magnetoelectronics, Science 282 (1998) 1660—
1663.

[31 HuBo, He Wei, Ye Jun, T. Jin, S. S. Ahmada, Z. Xiang-Qun,
and C. Zhao-Hua, Effect of CoSi2 buffer layer on structure
and magnetic properties of Co films grown on Si (001)
substrate, Chin. Phys. B 24 (2015) 017502.

[41 J. Islam, Y. Yamamoto, Eiji Shikoh, Akihiko Fujiwara and
H. Hori, A comparative study of Co and Fe thin films
deposited on GaAs(0 0 1) substrate, J. Magn. Mag. Mater.
320 (2008) 571-574.

© 2015 NSP
Natural Sciences Publishing Cor.



Int. J. Thin. Fil. Sci. Tec. 4, No. 3, 193-197 (2015) / http://www.naturalspublishing.com/Journals.asp

N SS 197

[5]

[6]

[71

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

J. A. C. Bland and B. Heinrich, Ultrathin Magnetic Structures
I and Il, Springer, Berlin, Heidelberg, New York, 1994.

C.-H. Chang and M. H. Kryder, Effect of substrate roughness
on microstructure, uniaxial anisotropy and coercivity of
Co/Pt multilayer thin films J. Appl. Phys. 75 (1994) 6864—
6866.

P. Bruno, G. Bayureuther, P. Beauvillain, C. Chappert, G.
Lugert, D. Renard, J. P. Renard, and J. Seiden, Hysteresis
properties of ultrathin ferromagnetic films , J. Appl. Phys. 68
(1990) 5759-5766.

J.A.C. Bland, R.D. Bateson, P.C. Riedi, R.G. Graham, H.J.
Lauter, J. Penfold and C. Shackleton, Magnetic properties of
bce Co films J. Appl. Phys. 69 (1991) 4989.

S. Abhaya, G. V. Rao, S. Kalavathi, V.S. Sastry and G.
Amarendra, Silicide formation in Co/Si system investigated
by depth-resolved positron annihilation and X-ray diffraction
Surf. Sci. 600 (2006) 2762—2765.

S. Agrawal, M.B.A. Jalil and K.L. Teo, Spin-injection
efficiency and magnetoresistance in a
ferromagnetsemiconductor-ferromagnet trilayer , J. Appl.
Phys. 97 (2005) 103907.

M. Li and G.-C. Wang, Effect of surface roughness on
magnetic properties of Co films on plasma-etched Si (100)
substrates, J. Appl. Phys. 83 (1998) 5313-5320.

G. W. Peng, A. C. H. Huan, E. S. Tok and Y. P. Feng,
Adsorption and diffusion of Co on the Si(001) surface, Phys.
Rev. B 74 (2006) 195335.

G. A. Prinz, Stabilization of bcc Co via Epitaxial Growth on
GaAs, Phys. Rev. Lett. 54 (1995) 1051-1055.

S. P. Dash, D. Goll and H. D. Carstanjen, Near-surface
compositional oscillations of Co diffused into Si(100) at —60
C : a study by high-resolution Rutherford backscattering,
Appl. Phys. A 91 (2008) 379-383.

J. Islam, Y. Yamamoto, Eiji Shikoh, Akihiko Fujiwara and
H. Hori, Si Interlayer Thickness Dependence of Hysteresis
Loop in Co/Si/Co/GaAs(001), J. Sci. Res. 4 (2012) 561-567.

J. Demeter, E. Menendez, K. Temst and A. Vantomme,
Fluence dependence of ion implantation-induced exchange
bias in face centered cubic Co thin films, J. Appl. Phys. 110
(2011) 123902.

B. G. Demczyk, V. M. Naik, A. Lukaszew, R. Naik and G.
W. Auner, Interface structure and surface morphology of
(Co, Fe, Ni)/Cu/Si(100) thin films, J. Appl. Phys. 80 (1996)
5035-5038.

S. J. Steinmuller, C. A. F. Vaz, V. Strom, C. Moutafis, C. M.
Glrtler, M. Klaui, J. A. C. Bland and Z. Cui, Influence of
substrate roughness on the magnetic properties of thin fcc Co
films, J. Appl. Phys. 101 (2007) 09D113.

M. Sakamaki and K. Amemiya, Effect of surface roughness
on magnetism of ultrathin Co films, J. Phys.: Conference
Series 266 (2011) 012020.

Y. -P. Zhao, R. M. Gamache, G. -C. Wang, T. -M. Lu, G.
Palasantzas and J. Th. M. De Hosson, Effect of surface
roughness on magnetic domain wall thickness, domain size
and coercivity, J. Appl. Phys. 89 (2001) 1325-1330.

[21] D.-T. Ngo, Z. L. Meng, T. Tahmasebi, X. Yu, E. Thoeng, L.

H. Yeo, A. Rusydi, G. C. Han, and K.-L. Teo, Interfacial
tuning of perpendicular magnetic anisotropy and spin
magnetic moment in CoFe/Pd multilayers, J. Magn. Mag.
Mater. 350 (2014) 42-46.

[22] Yutaka Ohira and Takayoshi Tanji, Perpendicular Magnetic

Anisotropy of Iron—Cobalt Silicide Nanowires on Si(110),
Jpn. J. Appl. Phys. 49 (2010) 073001.

[23] C.J. Palmstrom and C. C. Chang, A. Yu, G. J. Galvin and J.

W. Mayer, Co/GaAs interfacial reactions, J. Appl. Phys. 62
(1987) 3755-3762.

© 2015 NSP
Natural Sciences Publishing Cor.


http://www.naturalspublishing.com/Journals.asp

