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Abstract  
 

Superconducting MgB2 thin films were fabricated by using a novel aerosol deposition technique wherein the pre-reacted 
powder is directly transformed into respective thin film. The formed thin films were characterized by X-ray diffraction 
technique and FE-SEM to understand its structure and morphology and the superconducting behavior has been characterized 
with the four probe resistivity measurement. The as-deposited thin films were formed into the frustrated amorphous structure, 
which were relaxed on the further heat treatment at 900 °C for 3 hrs. The relaxed amorphous MgB2 thin films showed a 
comparatively high superconducting onset at about 38 K. 
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I. Introduction 
 

Magnesium diboride is a binary intermetallic 
superconductor which catches the interest among the 
modern day technologies for the fabrication of 
superconducting tapes and wires. Having the highest 
transition temperature of 39 K amongst the simple 
binary intermetallic superconductors, it is considered 
as a low cost substitute of the currently used Nb 
based superconductors. Since the discovery of 

superconductivity of MgB2 in 2001 [1], various 
methods were employed for the synthesis in different 
forms [2-6]. MgB2 has many synthesis related 
problems such as difference in melting point of Mg 
and B, high vapor pressure of Mg, formation of MgO 
etc. Hence synthesis of MgB2 requires inert 
atmosphere to prevent oxidation along with high Mg 
pressure to compensate for the possible loss of Mg. 
Further thin film synthesis by physical vapor 
deposition requires good vacuum but at the same 
time high vacuum reduces the decomposition 
temperature drastically [7-8]. Thus the cost effective 
and easy fabrication of MgB2 thin films has been 
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thought as difficult [9]. Although thin film synthesis 
of MgB2 is difficult, various applications such as 
tunneling devices demands the fabrication of good 
quality superconducting films, that may replace the 
low transition temperature superconducting materials 
like Nb3Sn and NbTi. 

There are various techniques for the synthesis of 
MgB2 thin films out of which the best method to 
fabricate good quality thin films is the Mg diffusion 
method [10]. This technique requires maintaining 
stringent conditions such as proper Mg vapor 
pressure, annealing in a vacuum sealed tube, 
optimized annealing temperature under proper 
pressure to prevent the decomposition of the 
synthesized films etc. This approach of thin film 
synthesis is a kind of bottom up approach in which 
the films are formed from different precursors of Mg 
and B which can react under carefully maintained 
conditions. These methods are excellent in terms of 
formations of MgB2 thin films but are somewhat 
unrealistic in terms of mass production. 

In this paper we discuss a kind of top to bottom 
approach in which the MgB2 thin films are deposited 
directly using a pre-reacted MgB2 powder. This is 
achieved by a novel technique called Aerosol 
Deposition (AD) technique wherein the precursor 
powder particles are smashed on to the substrate in 
such a way that the force of impact on the substrate 
results into consolidated thin film. This technique 
was developed for the room temperature deposition 
of dense ceramic films [11]. AD has been 
successfully used to deposit ceramic powders such as 
Al2O3 [12], Y2O3, TiO2, PZT [13] etc. targeting the 
applications like micro-actuators [14], high 
frequency devices [15], high speed optical 
modulators [16], solid oxide fuel cells [17], and 
conductometric bulk sensors [18]. So far to our 
knowledge AD was hardly used for the fabrication of 
the superconducting films. We are for the first time 
reporting the fabrication of amorphous MgB2 
superconducting thin films. 
 
 
 

II. Experimental 
 

Superconducting magnesium diboride thin films 
were successfully fabricated by a novel aerosol 
deposition (AD) technique by using indigenously 
built AD setup. The deposition was carried out on 
single side polished (0001) Al2O3 substrate using 
pre-reacted high purity MgB2 powder from Alpha 
Aesar. The aerosol deposition was carried out by 
using a nozzle of dimension 3.5 mm x 0.5 mm. The 
MgB2 powder was accelerated by the carrier gas flow 
of 30 liters per minute as controlled by the mass flow 
controller. The substrate to nozzle distance was 
maintained at 5mm to obtain the optimum deposition. 
The mixed gas of Ar + 4 % H2 was used as a carrier 
with a view of creating reducing environment for the 
prevention of possible oxidation of MgB2 powder 
during the deposition process. The whole deposition 
chamber was continuously evacuated by a 
combination of booster and rotary pump in order to 
maintain the pressure difference between the 
deposition chamber and the powder container. 

The highly adherent as-deposited films were heat 
treated at 900 oC for 3 hrs under Ar + 4 % H2 
environment in the presence of magnesium. The 
as-deposited as well as the heat treated films were 
characterized by X-ray diffraction for its structural 
determination. The quality of the films in terms of its 
surface morphology was understood by FE-SEM 
studies. These films were then subjected to resistivity 
measurements in order to study its superconducting 
behavior in terms of transition temperature using 
Quantum Design PPMS model 6000. 
 
 
III. Results and Discussion 
 

Fig. 1(a) shows the X-ray diffraction patterns for 
the MgB2 thin films deposited on alumina single 
crystal substrates where the intensity is plotted in log 
scale. Here the as-purchased MgB2 powder was 
subjected to the aerosol deposition with the carrier 
gas flow rate of 30 L/min and substrate to nozzle 
distance was maintained at 5 mm. The XRD analysis 
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of the as-deposited thin films showed the very high 
intense peak for alumina substrate. It is interesting to 
observe hardly any peaks for the MgB2 phase except 
for (001) and (002) peaks. This suggests that the 
formed MgB2 thin film is more or less amorphous in 
nature. The c-axis oriented peaks for MgB2 are not as 
intense to be considered as the preferred orientation. 
 

 
Fig. 1. XRD patterns of (a) as-deposited MgB2 thin films 
and (b) MgB2 powder from the aerosol deposition chamber. 
 

In this case the substrate was maintained at room 
temperature under high carrier gas (with MgB2 
precursor powder) flow atmosphere and a small 
impact distance. Under this condition, the powder 
particles would have undergone an impact on 
substrate with a high kinetic energy enough to get 
fractured and loose its structure. Further, there is very 
less time and insufficient energy for recovery and 

re-crystallization before the next powder particles’ 
impact, resulting in a very small amount of c-axis 
orientation taken from the substrate. This leads to the 
formation of a frustrated amorphous structure 
without sufficient relaxation for proper lattice 
formation. Although the deposited thin film seems to 
be amorphous, it is interesting to know that the 
scattered powder in the chamber showed the perfect 
crystal structure for MgB2 as seen from Fig. 1(b). 
This may prove that only the powder particles having 
sufficient impact energy on the substrate gets 
fractured into smaller particles and adhered to 
substrate while the rest gets rejected. 
 

 

Fig. 2. Field emission gun scanning electron microscope 
images of aerosol deposited thin films at (a) 1X, (c) 10X 
and (d) 60X magnification. (b) FE-SEM images of 
precursor MgB2 powder used for AD. 
 

It is well supported from the FE-SEM images for 
the films and the precursor powder as shown in Fig. 2 
(a) and (b).  Fig. 2(a) shows the image for the 
as-deposited MgB2 thin films while the image for the 
precursor powder is as shown in Fig. 2(b). It can be 
clearly seen that the precursor powder has the 
particles with the size of around 50 μm while the 
films appears to be quite continuous without any 
signature of discrete nature of particles. This supports 
our argument that the impact occurred in the AD 
process fractures the powder particles resulting into 
compact solidification on the surface of the substrate. 
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Fig. 3. Resistivity behavior of the as-deposited MgB2 thin 
films in terms of normalized resistance with respect to 
temperature. 
 

 
Fig. 4. X-ray diffraction pattern of the MgB2 thin films 
annealed at 900 °C for 3 hrs. 
 

This is in line with the XRD measurements where 
no major peaks for the MgB2 phase are observed, 
depicting more or less amorphous nature of the film. 
The more magnified images of thin film are shown in 
Fig. 2(c) & (d). From these images it can be 
understood that the surface appears to be discrete 
with a bit poor connectivity amongst the grains. This 
was reflected in the transport studies performed on 
the as-synthesized MgB2 thin films. 

Fig. 3 shows the behavior of normalized resistance 
as a function of temperature. It can be seen that the 
resistance goes on increasing with the decrease in the 
temperature thus following a semiconducting nature. 

This is due to the poor continuity amongst the 
frustrated network of grains. The increase in 
resistance was observed up to 32 K beyond which 
there was a sharp decrease up to 5 K. This decrease 
in the resistance was observed as magnesium 
diboride went into a superconducting state. This 
incomplete transition observed is in agreement with 
the fact that there is poor grain connectivity in the 
as-deposited MgB2 film as shown in Fig. 2(d). 

To further enhance the intergrain connectivity, the 
as-deposited MgB2 films were annealed in Mg 
environment at 900 °C for 3 hrs. Although there was 
barely any change in the amorphous nature of the 
films, it showed some sign of recovery and 
rearrangement in the MgB2 lattice as evident from the 
appearance of low intensity (101) peak in Fig. 4. 
 

 
Fig. 5. Resistivity behavior of the annealed MgB2 thin 
films in terms of normalized resistance with respect to 
temperature. 
 

A remarkable improvement in the intergrain 
connectivity was observed in the MgB2 film after 
heat treatment. It reflected in the resistivity behavior 
of the film as may be seen from Fig. 5. In comparison, 
the heat treated MgB2 film showed a metallic 
behavior as against the semiconducting nature for the 
as-deposited MgB2 film. The resistance decreased 
with the decrease in temperature up to 37.8 K where 
it showed onset of superconducting transition. The 
complete transition was observed only at 28 K with a 
broad transition. Such a broad transition observed is 
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in agreement to the XRD measurements, which 
showed the amorphous structure of the MgB2 film 
that result into increased carrier scattering. 
 
 
IV. Summary 
 

Aerosol deposition was successfully used to 
synthesize superconducting MgB2 thin films. The 
deposition was carried out by using pre-reacted 
MgB2 powder which eliminates the requirement of 
the complex and stringent heat treatment conditions 
for the formation of the MgB2 phase. High impact of 
the powder particles on the substrate during the 
deposition resulted in to fracture of the particles 
giving rise to the frustrated amorphous thin films. 
Heat treatment is required to relax the frustrated 
structure which resulted into good grain connectivity 
and ultimately complete superconductivity in the 
MgB2 films at about 28 K. The broad transition from 
38 K to 28 K was observed due to the disordered 
nature films which can be improved by proper 
annealing of the film. 
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