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Abstract: SmCos thin films were deposited using DC magnetron sputtering on single
crystal silicon substrate with chromium and S1O2 top layers. Deposition was carried out
at three different substrate temperatures: room temperature, 400°C and 600°C. Films
were characterised by using Rutherford Backscattering Spectroscopy (RBS), X-ray
Diffraction (XRD), Secondary Ion Mass Spectrometry (SMS) and SQUID
magnetometer. RBS analysis indicated that the films have excellent stoichiometry with
the Sm to Co ratio of 1:5. This analysis also showed that the films deposited or annealed
at high temperatures (> 600°C) indicated significant inter-diffusion at the interface
between the barrier layer and the film. Oxygen was found to be the major impurity in
the films. XRD data indicated that the films formed 1:5 and 2:17 phases under different
deposition conditions. The preliminary studies of these films using magnetic force
microscopy revealed the presence of magnetic domains.

/. Introduction
Permanent magnetic films play an important role in the realisation of many Micro
Electromechanical System (MEMS) devices. One of the major requirements for such
applications is the need to deposit permanent magnetic films with high coercivity and large
energy products on silicon substrates. Among the rare earth group of permanent magnetic
films, SmCo films typically offer both excellent intrinsic and extrinsic magnetic properties,
rendering them suitable for small and compact designs where higher operating temperature
and higher corrosion and oxidation resistance are crucial. Cadieu et al.1 showed that SmCos
films directly crystallised on to a heated substrate have a coercivity (He) of about 23kOe. The
reason for this high coercivity was associated with the high magnetic anisotropy and the fine
grain structure. SmCos films deposited on a Cr underlayer are reported to have shown a
coercivity value of 3kOe at room temperature 2. Malhotra et a l 3 reported a coercivity of about
500 ~ 2800Oe for as-deposited SmCo films with a Cr underlayer, but after annealing at 500°C
a coercivity of as high as 31kOe for SmCo/Cr films. The large increase in coercivity for the
annealed films is attributed to the growth of the crystallites. Okumura et al.4 confirmed similar
properties and found a much higher coercivity Hc=3.6kOe for Co rich SmisCogs/Cr films. It is
clear that He of SmCo/Cr films depends strongly not only on the sputtering conditions, such
as substrate temperature and Ar gas pressure, but also on the ratio of Sm/Co concentration,
and their values are always larger than those of SmCo films deposited directly on to glass
substrate. Liu et al.5"6 reported systematic analyses of the nanostructured SmCo films on Cr
underlayer, and concluded that these films is composed of crystallites of about 5 nanometres
in diameter distributed discontinuously in amorphous matrix. The grain-like structure in some
of the SmCo films is inherited from the Cr underlayers. This indicated that Cr underlayer
plays an important role to the high coercivity of SmCo/Cr films. The volume fraction of the
crystallites in the films decreases from 91% to 54% as the argon gas pressure is increased
from 5mTorr to 30mTorr.

These studies indicated that the deposition of optimisation of deposition conditions to deposit
the stoichiometric SmCos films. Moreover, it has also been very clear from the literature that
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these films need to be deposited at a temperature greater than at least 300°C to attain the right
crystal structure. However, our earlier studies showed that the films deposited directly on
silicon substrate at high temperatures resulted in the interdiffusion between the film and
substrate, indicating the necessity for a barrier layer. Hence, in the present study we have
investigated the suitability of two different films, chromium and silicon dioxide for possible
barrier layers. SmCo films were deposited at two different temperatures 400°C and 600°C
separately and the film properties such as structure, composition and some of the magnetic
properties were studied.

2. Experimental Procedure
SmCo5 thin films were deposited using DC magnetron sputtering technique. Films were
deposited on silicon substrate having two different top layers with 1.5um thick SiO2 layer and
a 0.1 urn thick chromium layers. Deposition was carried out at two temperatures, 400°C and
600°C. During sputtering argon gas pressure was maintained at around 4 x l(T2Torr.
Discharge current was kept constant during all the runs at 0.5 A.

The composition and structure of these films were analysed using Rutherford Backscattering
Spectroscopy (RBS), and X-ray diffraction (XRD) methods, respectively. RBS was
performed using a 2MeV He2+ beam accelerated by a Van de Graaff generator. Film
composition was estimated by using standard simulation methods and comparing it with the
experimental Rutherford Backscattering Spectrum7.

3. Results and Discussion
The RBS spectra of the films deposited on silicon substrate with chromium top layer at 400°C
and 600°C is shown in figurel. It may be observed that the film deposited at 600°C (460nm)
is slightly thicker than the one deposited at 400°C (410nm). Both the films deposited were
almost stoichiometric with a Sm to Co composition ratio of 1:5 within an accuracy of ±2%.
Oxygen has been the major impurity in these films to an extent of around 20%. The analysis
of the spectra obtained from the film deposited at 400°C indicated a chromium layer thickness
of 1 lOnm, which is the thickness of the chromium layer deposited before coating the SmCo
film.
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Figure 1 The RBS spectra of the
films deposited on silicon
substrate with chromium top
layer at 400°C and 600°C,
respectively.
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In contrast, the film deposited at 600°C showed a considerable increase in chromium layer
thickness as indicated by the broadening of the peak representing the chromium thickness. It
is also interesting to note that this peak transformed into a flat topped distribution, which
could be considered as a consequence of diffusion of chromium. This has been confirmed by
the presence of chromium in the SmCo film layer.

Figure 2 shows the RBS spectra of the films deposited on silicon substrate with a 1.5um thick
SiO2 layer maintained at 400°C and 600°C separately. Film prepared at 600°C is thicker than
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the one deposited at 400°C, which is similar to that observed in figurel. Oxygen has been the
major impurity in these films also. From the spectra of the film deposited at 400°C, it is
clearly seen that the lower energy edge of Co peak represents the interface between the film
and substrate. The sharpness of this edge (channel -310) may be considered as an indication
of the absence of any possible interdiffusion between the film and substrate.
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Figure 2 The RBS spectra of the films
deposited on silicon substrate with
SiO2 top layer at 400°C and 600°C,
respectively.
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This edge in the spectrum of the film deposited at 600°C is slightly modified. Analysis of this
spectrum using RUMP showed the presence of silicon in a narrow region of the film (~60nm)
at the interface. However, compared to the interdiffusion noticed with the chromium barrier
layer, the interaction observed between the SiC>2 and SmCo film is relatively small.
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Figure 3 (a) XRD pattern of the films
deposited on silicon substrate with
chromium top layer at 400°C and
600°C, respectively.

Figure 3 (b) XRD pattern of the films
deposited on silicon substrate with SiC>2
top layer at 400°C and 600°C,

Figure3 compares the XRD pattern of the films deposited at 600°C and 400°C on silicon
substrate with both the barrier layers mentioned above. XRD pattern of the films deposited
on silicon with chromium top layer at 400°C and 600°C are shown in figure3 (a). The film
deposited at 400°C indicated the formation of Sm2Co!7 phase. The peak at 26 = 45.05°° seems
to represent the (111) plane of 2:17 phase, while the peaks at 26 values of 30° and 30.65°
coincide with the d-values of the (101) plane of both 2:17 and 1:5 phases respectively. In
contrast, the XRD pattern of the film deposited at 600°C exhibited the (222) and (110) peaks
at the 26 values of 48.7° and 37.15° respectively in addition to those observed in the film
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deposited at 400°C. Surprisingly, XRD analysis did not indicate the formation of any impurity
phases due to the interdiffusion between chromium and SmCo film, which was evident in
RBS data especially at 600°C. This might suggest that the impurities could still be in an
amorphous state. However, this needs further investigation to ascertain the nature of
impurities and their effect on the magnetic properties of the film. In figure3 (b), we have
compared the XRD patterns of the films deposited at 400°C and 600°C on silicon substrate
with SiO2 top layer. In this case, while the film deposited at 400°C is still amorphous, film
deposited at 600°C showed a single broad peak at 20 values of 30.05° and 30.9°. This
essentially means that this may need further annealing at a slightly higher temperature.

SIMS analysis also indicated that the films deposited at 400°C on both Cr and SiC>2 layers
have sharp interfaces without any interdiffusion characteristics. However, films deposited on
SiC>2 layer at 600°C seem to be relatively less prone to interdiffusion compared to those
deposited on chromium layer. The study of the magnetic characteristics of these films is
currently in progress.

4.Conclusions
Stoichiometric SmCo thin films were deposited in all deposition conditions with oxygen as
the main impurity. Films deposited at 400°C on chromium layer appear to be micro
crystalline and did not show any interdiffusion. At 600°C though the film crystallinity has
improved, RBS analysis indicated possible interdiffusion between the film and chromium
layer. Films deposited on SiC>2 layer indicated only the onset of crystallinity even at a
substrate temperature of 600°C. It needs further investigation to understand the growth
kinetics and crystallisation characteristics of the films.
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