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Abstract
This report describes the growth and characterization of thin amorphous samarium-cobalt 
alloy films. The samarium-cobalt alloy was grown by DC magnetron sputtering in the 
presence of an external magnetic field parallel to the thin film. The external magnetic field 
induces a uniaxial in-plane magnetic anisotropy in the samarium-cobalt alloy. The thin films 
were characterized with x-ray scattering, and the magnetic anisotropy was characterized with 
the magneto optic Kerr effect. The measurements showed a uniaxial in-plane magnetic 
anisotropy in the samarium-cobalt alloy films. It is not clear how amorphous the samples 
really are, but there are indications of crystalline and amorphous areas in the alloys.
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1 Introduction

Thin films with materials that have magnetic properties are interesting in today’s technology. 
Especially when it comes to the use in write and read heads in memory disk devices, and 
computer memories that retain the information in the memory cell even when the power is 
turned off. By optimizing thin magnetic films these memories would consume less power than 
the memories today.

Alloys of Rare Earth elements (RE) and iron/cobalt are materials that are interesting due 
to their strong magnetic anisotropy, i.e. they have a direction in which the magnetic moment 
is favourably aligned known as the easy axes. The easy axis is the energetically favourable 
direction  of  spontaneous  magnetization.  One  thing  that  is  connected  to  the  magnetic 
anisotropy is the structure and the shape of the material.

One of these materials that are interesting is the alloy of samarium and cobalt (SmCo), 
which is  interesting  due to its  high anisotropy in one direction (uniaxial)  [1].  SmCo was 
developed  in  the  1970:s,  and  is  a  strong  permanent  magnet  (the  second  strongest  to 
neodymium magnets), and exists mainly in two series: SmCo5 and Sm2Co17 series. SmCo is 
known to have a  hard magnetization  and have a  high resistance to  demagnetization.  The 
connection  between the  structure  and  the  magnetic  properties  of  SmCo is  being  studied, 
where the strong uniaxial anisotropy is interesting. The easy magnetization direction that is 
perpendicular to the plane is most common for RECo/Fe films [2]. This can be changed by 
having a large magnetic field in the plane of the film when SmCo is grown, and in this case 
the uniaxial anisotropy will have the easy magnetization direction parallel to the film plane 
[3].

In this work, the uniaxial magnetic anisotropy of SmCo has been investigated. An in-
plane uniaxial anisotropy is induced, in the Co rich SmCo amorphous material, when grown 
in  the  presence  of  an  external  magnetic  field.  This  is  demonstrated  in  a  single  layer  of 
amorphous SmCo that got an imprinted anisotropy parallel to the substrate. 

1.1 Anisotropy in amorphous materials
An amorphous material lacks the characterized order of a crystal.  Glass is the best known 
amorphous material and is sometimes used as a synonym because of that. For a material to 
become amorphous it needs to be cooled so fast that there is no time to achieve a crystal 
structure in the material. Samples of an amorphous material can only be grown in a thin film 
on a substrate that is cold enough to inhibit an atomic ordering, and if the layer that the film is 
grown on top of has a structure that is close to amorphous [4].
         The first layer of atoms on the substrate is very important to the structure of the rest of 
the  film.  The  substrate  must  have  an  appropriate  surface  structure,  which  enhances  the 
specific way in which you want to grow your sample, i.e. the distance between the atoms and 
the right geometry on the surface. Typical substrates that can be used are Si (silicon), SiO2 

(silicon dioxide) and Glass.
         Often it is necessary to have a buffer (or seed-) layer as a base layer to reduce the effect  
of the defects in the substrate. The buffer layer is also used to compensate for the difference in 
the  atomic  distances  within  the  film  and  substrate  (the  lattice  mismatch).  If  the  lattice 
mismatch is too big the film properties may be poor. A buffer layer can also help to grow an  
amorphous thin film. If the buffer layer is amorphous (or close to amorphous) the layer that is 
deposited on top will have a larger chance of growing amorphous.
         The source of the anisotropy of a material is linked to the structure of the material,  
where the crystal structure, the shape and form of the material and the breaking of symmetry 
at the interfaces are features that contribute.
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1.2 Magnetron sputtering
Magnetron Sputtering is a method used for producing thin films and coatings. In the growth 
chamber, there is a base pressure that can be down to ~ 10-10 Torr. When the vacuum system is 
pumped down to the right pressure, it is heated (baked) at a temperature that is above 100oC. 
In that way you get rid of much of the water in the vacuum system.

The vacuum sputtering system is filled with an inert gas at low pressure, e.g. Ar (argon) 
gas at a pressure around 2 mTorr. A voltage is applied on the targets (the material that is to be 
sputtered),  which  ionizes  the  gas.  The  ionized  gas  is  accelerated  toward  the  targets  and 
sputters away target atoms. Target atoms which are sputtered away later  condense on the 
substrate which the material is grown on. Strong permanent magnets are placed behind the 
targets, and this generates a field of about 0.1 T [5]. This magnetic field will trap electrons 
near the target surface, due to the induced Lorentz force. This will increase the density of the 
plasma. The targets are water-cooled, because of the heating that occurs when the Ar ions 
collide with the targets. The deposition of the different materials on the substrate is controlled  
with shutters that open and closes, and in that way you get different layers of the materials. In  
Figure 1 an illustration of the basic concept of magnetron sputtering is shown. The vacuum 
system that was used can be seen in Figure 2.

Figure 1: An illustration of the basic concept of magnetron sputtering. The ionized Ar gas is accelerated towards 
the targets, and the away sputtered target atom will, after collisions with gas atoms, condense on the substrate
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Figure 2: A picture of “Binford”, the vacuum sputtering system that was used in the growth of the thin films. The 
two pictures show the system at two different angles.

1.3 X-ray Scattering
X-ray scattering is one of the most used methods to characterize a material. X-ray scattering is 
used in the study of thin films, both for atomic structure and the thickness of the layers in the 
film. X-ray reflectometry and diffraction are two much-used techniques in X-ray scattering.

1.3.1 X-ray Reflectometry
X-ray reflectometry (XRR) is an accurate method to determine the thickness of layers in thin 
films. Due to interference effects that occur when the x-ray is reflected off interfaces between 
the layers or the substrate, you can see an interference pattern in the reflectance (vs. incidence 
angle) curve. The oscillation period of this curve is determined by the thickness of the layers 
in the film. In Figure 3 a schematic of a θ/2θ-scan is shown where the reflected intensity of 
the x-ray beam is measured at the angles 2θ, when the conditions of incident angle, ω = θ, is 
satisfied.  In  Figure  4 a  picture  is  shown  of  the  x-ray  system  that  was  used  in  the 
characterization of the thin film samples.

Figure 3: A θ/2θ-scan: The reflected intensity at the angles 2θ is measured, when the condition of incident angle, 
ω = θ, is satisfied. The rotation of ω, for the sample, and 2θ, for the detector are around the same axis.
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Figure 4: A picture of the X-ray system that was used in the characterization of the thin film samples.

From the data that is obtained in the XRR measurement, the thickness of the sample can be 
calculated from Bragg’s law: 

(1)

where  n´ is  the interference peak number,  λ is  the wavelength,  θ is  the angle and  δ is  a 
damping factor. 
Because n´ is unknown, one can insert n´ = n + n0, where n0 is the number of peaks before 
peak number n. Bragg’s law can then be expressed as

(2)

If this equation is written in the form y = An2 + Bn + C, y will be equal to sin2(θ) and A will 
be:

       (3, 4)

1.3.2 X-ray Diffraction
X-ray diffraction (XRD) is used to determine the orientation of a single crystal, measure the 
average spacing between crystal planes and to find the crystal structure of a material.  The 
setup for x-ray diffraction is similar to x-ray reflectometry as can be seen in Figure 3, but you 
usually go to higher  2θ-angles during the measurements.  An example of x-ray diffraction 
scattering can be seen in Figure 5.

From thin films a grazing incidence measurement is performed where the source is fixed 
at a small angle and 2θ is scanned. The small incident angle increases the volume of the film 
which is probed and makes the measurement more surface sensitive. Because of the crystal 
structure, the scattered beam forms a circle pattern for polycrystalline structures, and dots for 
crystalline structures. 
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Figure 5: An example of x-ray diffraction scattering where the scattered beam forms a circle pattern. The red 
rings indicate the area which is being measured at different 2θ-angles in a θ/2θ-XRD measurement, using an area 
detector.

1.4 Magneto optic Kerr effect
The  Magneto  optic  Kerr  effect  (MOKE)  is  used  in  materials  science  to  characterize  the 
magnetic structure of a material. In the longitudinal MOKE a magnetic field is swept parallel 
to the sample and the changes in the magnetization are recorded. The magnetization is found 
from the changes of a light beam that is reflected from the magnetized surface of the material.  
The light that is reflected can change both polarization and intensity. In Figure 6, a MOKE 
setup is shown.

Figure 6: A MOKE setup where the light is passing through a polarizer filter, there after is reflected on the 
sample-magnetized surface and then passing through another polarizer filter before it hits the detector.
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2 Experiments

2.1 Magnetron Sputtering

Six  growth rate calibration samples were prepared by dc magnetron sputtering on Si(100) 
substrates,  which  were  baked  at  550°C  for  30  minutes  each  prior  to  deposition:  three 
Samarium (Sm) samples and three Cobalt (Co) samples. The three Sm samples were grown 
with the powers 10, 30 and 50 W and the three Co samples were grown with the powers 30, 
50 and 70 W. All the samples were grown for 600 seconds. On top of the Sm films an AlZr 
capping layer was grown at 45 W and 3 nm thick to prevent oxidation of the Sm. The base 
pressure in the sputtering chamber was 10-10 Torr, and the operating pressure of the Ar gas 
with purity of 99.999% was 2 mTorr during the deposition.

A series of AlZr/SmCo/AlZr thin film samples with varying Sm-Co composition was 
prepared by dc magnetron sputtering, on Si(100) substrate, which was pre-baked at 550°C for 
30 minutes prior to deposition. The AlZr is known to form an amorphous film when grown on 
Si [6] and serves as a seed layer to promote the amorphous growth of the SmCo film. The 
samples were grown under an external magnetic field of approximately 10 mT in the plane of 
the samples. The sample holder with and without the two flat permanent magnets which was 
used can be seen in Figure 7. The first AlZr layer is a buffer layer, and was deposited from an 
AlZr source with purity of 99.99%. The first AlZr layer was grown 2 nm thick and the AlZr 
capping layer was grown 3 nm thick. The SmCo layer was co deposited from two targets; one 
Co source with the purity of 99.99%, and one Sm source with the purity of 99.99%. The base 
pressure in the sputtering chamber was ~10-10 Torr, and the operating pressure of the Ar gas 
with  the  purity  of  99.999%  was  2  mTorr  during  the  deposition.  The  different  growth 
parameters for the samples that were grown are shown in Table 1.

Table 1: The different samples that were grown, with the power on the magnetrons during the growth, and the 
growth time, and the Sm/(Sm+Co) ratio of the samples.
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Figure 7: Sample holders with (a) and without (b) an external magnetic field.

2.2 Structural characterization

The  structure  of  the  film  was  characterized  by  x-ray  reflectometry  (XRR)  and  grazing 
incidence X-ray diffraction (XRD). The grazing incidence XRD scans were performed with 
an incident angle of θ=15° and a 2D area detector which spans an angle of approximately 22°. 
The XRR analysis was done by using Bruker D8 DISCOVER equipment, using the program 
DIFFRAC plus XRC commander. 

The value  of A,  in  Eq.  4,  was  calculated  with MATLAB from the  2θ value  of  the 
interference peaks. MATLAB code that was used can be seen in Appendix 1.

The growth rate was determined from the three Sm and Co samples, by fitting a straight 
line  between  the  three  thickness  values  as  a  function  of  the  power  on  the  sputtering 
magnetrons. The MATLAB code that was used can be seen in Appendix 2. The graphs from 
the  XRR  measurement  of  samples  AR020_1,  AR020_2  and  AR020_3  can  be  seen  in 
Appendix 3.

2.3 Magnetic characterization

The uniaxial magnetic anisotropy of the SmCo thin films was studied by longitudinal MOKE. 
The Kerr rotation was measured as a function of the in-plane magnetic field that was applied 
on the sample. Measurements of the hysteresis loop of the SmCo samples were made between 
the angles (θ) 0° and 200°, with 10° intervals. The angle, which is in the plane of the sample, 
is defined as the angle between the applied magnetic field in the MOKE and the magnetic 
easy axis of the SmCo sample. 
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3 Results

3.1 Structural characterization

3.1.1 X-ray reflectometry

The growth rates of the Sm and the Co targets were calculated from the XRR data shown in 
Figure 8.       

Figure 8: The calibration results, of the Sm (red) and Co (blue) targets. The growth rate  d/s of the samples is 
plotted as a function of the magnetron power P.  
          
From Figure 8 it is possible to see that the growth rate of the Sm target is higher than of the 
Co target.       
          The equations to the fitted lines for the targets are:
Co target: d/s = 0.0093P + 0.039                 (5)

Sm target: d/s = 0.022P + 0.3                 (6)

Where d/s is the growth rate and P is the magnetron power.
The  θ/2θ-XRR measurement graphs of the SmCo alloy samples (AR020_1, AR020_2 

and AR020_3) are shown in Appendix 3. The 2θ values of the interference peaks are marked 
in the graphs. The thickness of the three samples is consistent with the growth rate and the 
time for which the samples were grown. 
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3.1.2 X-ray diffraction

        (a)

       (b)
Figure 9: (a) A picture of the XRD measurement of sample AR020_1. The bright dots come from the x-ray  
scattering of the Si substrate. (b) A curve for the integrated data from picture (a). The peaks (1) and (2) in the 
curve are marked in (a). The area inside of the blue rectangle in picture (a) shows the approximate area that the  
curve (in (b)) is integrated over (from right to left).
 

(a)

(b)
Figure  10: (a) A picture of the XRD measurement of sample AR020_3. The bright dots come from the x-ray 
scattering of the Si substrate. (b) A curve for the integrated data from picture (a). The different peaks in the curve 
are marked in (a). The peaks marked with (4) come from the measurement with the detector (artefacts), as it  
measures at different 2θ-angles. The area inside of the blue rectangle in picture (a) shows the approximate area  
that the curve (in (b)) is integrated over (from right to left).
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Grazing incidence  XRD measurements  of  samples  AR020_1 and AR020_3 are  shown in 
figures 9-10. From the XRD measurements it is not clear how amorphous the samples really 
are. There are two lines ((1) and (2) in  Figures 9-10) approximately at the angles (Theta) 
41.5°  and 44°.  These  lines  come  from the  SmCo alloy  and indicate  that  there  are  some 
crystalline areas in the alloy. The lines from sample AR020_3 are brighter than the lines from 
sample AR020_1, this indicates that sample AR020_3 had more clear crystalline areas. In 
Figure 10 the area marked with (3) can indicate that there are “x-ray amorphous” areas in the 
SmCo alloy. The artefacts from the detector make it harder to determine the structure of the 
alloys. The XRD measurement of sample AR020_2 had not been done when this report was 
written, because of the trouble with artefacts and software problems.

3.2 Magnetic characterization

The results of the MOKE measurements are shown in Figures 11-13. The hysteresis loop at 
the angle θ=0° for the three samples shows a square shape and an abrupt magnetization switch 
at  a  magnetic  field of approximately ±0.01 T for sample AR020_1, ±0.005 T for sample 
AR020_2, and ±0.01 T for sample AR020_3. For  θ=90° the magnetization is saturated at a 
magnetic field of approximately ±0.05 T for sample AR020_1, ±0.04 T for sample AR020_2, 
and ± 0.03 T for sample AR020_3. The MOKE measurements show that the angles θ=0° and 
θ=90°  behave  as  easy  and  hard  axes  for  the  samples.  The  MOKE measurements  of  the 
samples at the angles 180°  > θ > 90° show the same behaviour as those between  θ=0° and 
θ=90°. 

Figure 11: The hysteresis loops for sample AR020_1. The different loops are at the angles 0° (blue), 40° (red)  
and 90° (green). 
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Figure 12: The hysteresis loops for sample AR020_2. The different loops are at the angles 0° (blue), 40° (red)  
and 90° (green). 

Figure 13: The hysteresis loops for sample AR020_3. The different loops are at the angles 0° (blue), 40° (red)  
and 90° (green). 
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As seen in Figures 14-16, the normalized remanence was periodic versus the angle θ which is 
now  defined  relative  to  the  hard  axis  of  the  samples.  The  remanence  had  a  period  of 
approximately 180°, where maximum was located at approximately 90°. This implies that 
there was a uniaxial in-plane anisotropy in the samples. 

To describe the remanence the following model was used [7]: 

         (7)

where a, δ, and b are fitting parameters, which were determined to be:
0.86, -0.07°, and 0.14 for sample AR020_1 (seen in Figure 14)
0.98, -0.05°, and 0.0003 for sample AR020_2 (seen in Figure 15)
0.96, -0.04°, and 0.03 for sample AR020_3 (seen in Figure 16)

The fitting is illustrated as a solid red line in Figures 14-16. 

Figure 14: The remanence as a function of the angle (θ), in which the sample AR020_1 was rotated relative to 
the applied magnetic field in the MOKE measurement.

Figure 15: The remanence as a function of the angle (θ), in which the sample AR020_2 was rotated relative to 
the applied magnetic field in the MOKE measurement.

16



Figure 16: The remanence as a function of the angle (θ), in which the sample AR020_3 was rotated relative to 
the applied magnetic field in the MOKE measurement.

4 Summary & conclusions
To see if it is possible to imprint an in-plane uniaxial magnetic anisotropy in a thin amorphous 
SmCo film, three samples were grown with different SmCo compositions. The samples were 
grown with 15, 12, and 10 % Sm in the SmCo thin film. The growth of the thin films was 
done by dc magnetron sputtering. The structure characterization of the thin SmCo films was 
done by XXR and XRD, and the magnetic properties of the samples were characterized by 
longitudinal MOKE measurements.
       The results clearly shown that it is possible to imprint an in-plane uniaxial magnetic 
anisotropy in the SmCo thin film. As can be seen in Figures 14-16 the uniaxial anisotropy has 
a  period  of  approximately  180°,  which  implies  that  there  is  a  uniaxial  in-plane  magnetic 
anisotropy in the SmCo films. But it is unclear how amorphous the thin films really are. The 
XRD measurements indicated crystalline areas in the films. Due to problems with the XRD 
equipment  and  the  software,  all  samples  were  not  measured  with  XRD  and  no  clear 
conclusion of the structure of the SmCo thin films could be drawn.
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7 Appendix
7.1 Appendix 1 
The MATLAB code that was for determination of the thickness and the growth rate of the 
samples.

close all;
lambda=1.5418*10^-10; % The wavelength of the x-ray that was used
%The different twotheta values for the peaks, for the samples, obtained in 
the XRR measurement
%twotheta_deg=[1.47; 1.563; 1.673; 1.781; 1.896; 2.004; 2.113; 2.223]; 
%AR020_1 (Si/AlZr/SmCo/AlZr)
%twotheta_deg=[1.536; 1.629; 1.720; 1.806; 1.896; 1.989; 2.082]; %AR020_2 
(Si/AlZr/SmCo/AlZr)
%twotheta_deg=[1.556; 1.66; 1.766; 1.882; 1.987; 2.103]; %AR020_3 
(Si/AlZr/SmCo/AlZr)
%twotheta_deg=[1.096; 1.382; 1.664; 1.959; 2.242]; %Sm 10W
%twotheta_deg=[1; 1.11; 1.232; 1.366; 1.504; 1.633; 1.772; 1.908; 2.055; 
2.210]; %Sm 30W
%twotheta_deg=[1.472; 1.572; 1.66; 1.765; 1.860; 1.957; 2.067; 2.160]; %Sm 
50W
%twotheta_deg=[1.106; 1.556; 2.048; 2.540; 3.01; 3.463]; %Co 30
%twotheta_deg=[1.11; 1.351; 1.622; 1.908; 2.195; 2.474; 2.750]; %Co 50W
%twotheta_deg=[1.1; 1.266; 1.454; 1.644; 1.845; 2.044; 2.252; 2.456; 2.657; 
2.863]; %Co 70W

twotheta=twotheta_deg.*pi./180;
s=(1:length(twotheta))';
theta=twotheta./2;
y=(sin(theta)).^2;
p=polyfit(s,y,2)
f = polyval(p,s);
table = [s, y, f, y-f]
plot(s,y);
hold on;
plot(s,f,'r');
p(1,1);
d=lambda/(2*sqrt(p(1,1))) %Thickness of the sample
d_s=d/600 %Growth rate
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7.2 Appendix 2 
The MATLAB code that was used for the fitting of a line between the Sm and Co calibration 
samples.

%Ratecalibration plots
figure;
hold;
d=[d3, d2, d1]; %The thickness of the different samples
Pow=[Pow3, Pow2, Pow1]; %The power during growth of the samples
k=(d(1)-d(3))/(Pow(1)-Pow(3))
m=d(2)-k*Pow(2)
Pow_x=[50:500];
fitline=k*Pow+m;
plot (Pow, d, '*b');
plot(Pow_x, fitline, '--b');
axis([80 300 100 1800])
xlabel('P[W]');
ylabel('d[Å]');
legend('(Element)', '(Element) manual fit');

7.3 Appendix 3 

Figure 15: XRR measurement graph of sample AR020_1.
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Figure 16: XRR measurement graph of sample AR020_2.

Figure 17: XRR measurement graph of sample AR020_3.
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