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MgB2 superconducting thin films sequentially fabricated using
DC magnetron sputtering and thermionic vacuum arc method
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Abstract

In this work, we discuss fabrication and characterization of MgB2 thin films obtained by sequential deposition and annealing of sand-
wich like Mg/B/Mg thin films on glass substrates. Mg and B films were prepared using DC magnetron sputtering and thermionic vacuum
arc techniques, respectively. The MgB2 thin films showed superconducting critical transition at 33 K after annealing at 650 �C.
� 2007 Elsevier B.V. All rights reserved.
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1. Introduction

The MgB2 superconductor is of great interest, since it
shows the highest superconducting transition temperature
Tc of 39 K [1], approximately double compared to the con-
ventional metallic superconductors like Nb3Sn with a Tc of
23 K. On the other hand, compared with other high tem-
perature superconductors, MgB2 has a simple hexagonal
crystal structure, shows less anisotropy, exhibits a rela-
tively long coherence length and a high current density.
Therefore, MgB2 thin film can be used in many important
applications, e.g. in Josephson Junctions. Nevertheless,
there are some difficulties in producing MgB2 thin films.
One problem is that Mg is easily oxidized due to the large
vapor pressure difference between Mg and B [2].
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Several deposition techniques such as magnetron sput-
tering [3], pulsed-laser deposition [4], melting process [5],
two-step annealing [6] and sequential deposition tech-
niques [7] were used to fabricate MgB2 thin films on
various substrates. Among these techniques, thermionic
vacuum arc (TVA) has some advantages. During TVA
deposition, a buffer gas is not necessary. Furthermore,
high ion energies (up to 500 eV) create high adherence,
low surface roughness, and compactness between depos-
ited films and substrates. The energy of the ions can be
controlled by electrode distance, angle and cathode tem-
perature [8]. Any material, including ceramics, can be
deposited on any type of substrate, e.g. plastics. TVA tech-
nique has been already successfully used for boron deposi-
tion [9].

In this work, we report fabrication and characterization
of MgB2 thin films obtained by sequentially deposition of
Mg/B/Mg thin films on glass substrates using DC magne-
tron sputtering and TVA techniques.
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2. Sample preparation

Glass substrates (Corning Glass) were cleaned first in
acetone and then with pure water in an ultrasonic cleaner
for 10 min. Initially, a 10 nm thick layer of Cr was evapo-
rated on the glass substrates to improve the adhesion of
deposited films on the glass substrate. A Mg layer with a
thickness of 500 nm was deposited as a first layer by using
a thermal evaporator (LEYBOLD UNIVEX 300). The
base pressure was set to 3 · 10�6 Torr with a filament cur-
rent of 160 A. Then, as a second layer, boron was deposited
on the Mg layer by the TVA method [9]. TVA is a relatively
new type of vacuum deposition technique for surface coat-
ing. In this method, boron deposition was done between a
tungsten cathode and a boron anode (with melting point of
2300 �C) under vacuum conditions of 5 · 10�6 Torr as
shown in Fig. 1.

The boron anode was bombarded with accelerated elec-
trons emitted from the cathode. Boron plasma occurred
between the electrodes when applying an appropriate volt-
age and density of boron vapor. A plasma current of
200 mA has been used for boron deposition at an electrode
distance of 4–5 mm, an applied voltage of 2500 V and a
Fig. 1. (a) Schematic diagram of TVA system used for boron deposition.
HV indicates the high voltage power supply and (b) boron plasma from
deposition process.
filament current of 21 A. The thickness of the boron films
was measured to approximately 1 lm with a thickness
monitoring system (Cressington MTM –10) attached to
the deposition system.

As the third layer, Mg was deposited on top of the B
layer by using DC magnetron sputtering. For this purpose,
the base pressure of the vacuum system was kept below
2.0 · 10�6 Torr using a turbo molecular pump. To create
the plasma, Ar gas was used with a purity of 99.99%.
The deposition pressure was set to 2.4 mTorr and the Ar
gas flow was kept at 20 sccm by a MKS gas flow controller.
For pre-sputtering, 30 W DC power and 72 mA current
were applied for 30 min to remove any contamination on
the target surface. Once the shutter was opened, the DC
power and applied current were changed to 15 W and
56 mA, respectively. In one hour, a 500 nm Mg film was
deposited. The thickness of the Mg films was measured
with a thickness monitor and confirmed with scratching
and section analysis techniques using an Atomic Force
Microscope (Solver Pro from NTMDT).

As a result, a 1 lm thick boron film between two 500 nm
thick Mg layers is obtained. The following annealing step
provides a chemical reaction between Mg and B to get
the superconducting MgB2 film. The prepared films were
annealed in two stages. In the first stage, the films were
heated in a tube furnace to 400 �C with a 15 �C/min tem-
perature increase and kept at this temperature for 30 min.
In the second stage, the temperature was increased to 650
�C with the same rate, and the samples were kept at this
temperature for 15 min. After annealing, the furnace was
switched off and the films cooled down to room tempera-
ture in the Ar atmosphere. Finally, the MgB2 films were
characterized with XRD and low temperature resistivity
was measured using an Oxford cryopump system.
3. Results and discussion

Fig. 2 shows the normalized XRD results of the MgB2

thin films manufactured at Izmir Institute of Technology
Fig. 2. Normalized XRD data for MgB2 thin film and commercial MgB2

powder from Alfa Aesar.



Fig. 4. R�T plot for superconducting MgB2 thin film on a glass substrate.
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and commercial MgB2 powder from Alfa Aesar. The mir-
ror mode method was used for the MgB2 films. However,
the observed diffraction peaks for the MgB2 thin film were
not as sharp as for the commercial MgB2 powder. The
broadened peaks around 43� (close to plane 101) and
62.5� (close to plane 102) indicate some MgO growth
inside the film. This actually implies a poor crystallinity
of MgB2 thin films. Similar results have been reported in
other studies [2,6].

Experimental results reported in the literature [10]
showed that the effect of the annealing temperature is a
critical parameter for the transition temperature. For
instance, the MgB2 films annealed at a temperature higher
than 650 �C or for a longer time longer than 30 min did not
show superconducting transition within the present study.
This might be due to the high oxidation tendency of Mg
and the large vapor pressure difference between Mg and B.

A SEM surface topography of MgB2 thin films is given
in Fig. 3. EDX results taken from several points on this
particular surface are given in Table 1. The oxygen detected
by the EDX analysis may be an indication of MgO seen in
the XRD plots. Additionally, a signal is coming from the
Cr on the surface of the glass substrate which was depos-
ited for a better adhesion. Although it is commonly agreed
that for the preparation of high quality MgB2 films epitax-
ial growth is the desired method, our sequential deposition
results showed that superconducting MgB2 films can be
also obtained, even on amorphous glass substrates.
Fig. 3. SEM image of MgB2 thin film surface grown on a glass substrate.
Dark regions are MgB2 and bright regions are MgO phase.

Table 1
EDX results of MgB2 thin films

Element Wt (%)

B 49.41
O 9.63
Mg 37.19
Cr 3.77
The four-point probe method was used for resistance
versus temperature measurements. Currents from 1 lA to
8 lA were applied in steps to see the joule heating effect
on the films due to metallic impurities on the superconduc-
ting transition temperature as shown in Fig. 4. The Tc

onset value was obtained to be approximately 33 K with
a transition width of 6 K.
4. Conclusions

In this work, MgB2 superconducting thin films were pre-
pared on glass substrates by sequential deposition of Mg
and B using DC magnetron sputtering and thermionic vac-
uum arc techniques for the first time. We found that the
effect of the annealing temperature is a critical parameter
for the transition temperature. MgB2 thin films fabricated
using sequential deposition and two-step annealing showed
zero resistivity at 27 K with a transition onset temperature
of 33 K and a transition width of 6 K.
Acknowledgments

This research is supported by TUBITAK (Scientific and
Technical Research Council of Turkey) project number
MAG-105M368 and DPT 2002K120390. The authors
would like to thank the IZTECH Center for Material Re-
search for supporting the SEM and XRD measurements.

References

[1] J. Nagamatsu, N. Nakagawa, T. Muranaka, Y. Zenitani, J. Akimitsu,
Nature 410 (2001) 63.

[2] M. Akinaga, Cryogenics 43 (2003) 567.
[3] S. Ulucan, L. Ozyuzer, S. Okur, J. Optoelectron Adv. M. 9 (2007)

449.
[4] P. Badica, K. Togano, S. Awaji, K. Watanabe, Supercond. Sci. Tech.

19 (2006) 242.
[5] T. Uchiyama, H. Koga, I. Iguchi, Jpn. J. Appl. Phys. 43 (2004) 1121.



208 S. Okur et al. / Physica C 466 (2007) 205–208
[6] Z. Mori, T. Doi, Y. Ishizaki, H. Kitaguchi, M. Okada, K. Hakuraku,
Physica C 412�414 (2004) 1371.

[7] S. Yata, G. Shimizu, Y. Yamada, S. Kubo, A. Matsushita Phys. C
368�389 (2003) 155.

[8] T. Akan, Turk. J. Phys. 27 (2003) 6975.
[9] T. Akan, N. Ekem, S. Pat, U.G. Issever, M.Z. Balbag, M.I. Cenik, R.
Vladoiu, G. Musa Mater. Lett. 61 (2007) 23.

[10] S. Hata, H. Sosiati, N. Kuwano, Y. Tomokiyo, A. Matsumoto, M.
Fukutomi, H. Kitaguchi, K. Komori, H. Kumakura, IEEE Trans.
Appl. Super. 15 (2005) 3238.


	MgB2 superconducting thin films sequentially fabricated using DC magnetron sputtering and thermionic vacuum arc method
	Introduction
	Sample preparation
	Results and discussion
	Conclusions
	Acknowledgments
	References


