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Transport and magnetic properties on MgB, thin films
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Magnetotransport data on MgB: thin films, fabricated on Al,O3 substrates using electron — bean deposition and Mg diffusion
method are reported for applied magnetic field up to 9T. The upper critical field anisotropy, lower critical field and
irreversibility field versus temperature were determined. The Hall coefficient is slightly temperature dependent and positive
in normal state. Using the extracted data, the electronic mean free path, coherence length &, anisotropic coefficient y and

penetration depth A were calculated.
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1. Introduction

In the last 8 years there has been a renew interest in
the intermetalic superconductors which incorporate light
elements such as boron, due to the discovery of the new
class of borocarbides RE-TM,B,C where RE=Y, Lu, Er,
Dy and other rare earth and TM= Ni or Pd [1,2]. The main
characteristics of these compounds are the very high
critical temperature T, among intermetalics (T, ~ 23 K),
the anisotropic layered structure and a strong interplay
between magnetism and superconductivity [3].

MgB, known since early 1950’s, but only recently
discovered to be superconductor [4] at a high critical
temperature about 39 K has a simple hexagonal structure.
This discovery of superconductivity in MgB,, have
sparked renewed interest in the connection between
superconducting properties and electronic structural
features of non-copper oxide materials. Subsequent,
experimental studies showed that this material not only has
a much higher T, than ordinary metallic superconductors,
but also has significantly different superconductivity
properties [4-13].

MgB, superconductivity announcement was the
catalyst for the discovery of several superconductors, TaB,
with T, = 9.5 K, BeB, ;s with T, = 0.7 K, graphite sulphur
composites with T;=35 K. The C-S composites are similar
materials with MgB,, electronically and
crystallographically [14]. The critical temperature of
T=39 K is close to or above the theoretical value
predicted from BCS theory [15], but the isotope effect is
reduced [11] from the BCS values of 1/2. The specific heat
measurements [12], photoemission [16] and tunneling
spectra [9], shown low energy excitations suggesting a
secondary energy gap. Two-gap superconductivity in
MgB, was first predicted theoretically. The two gaps in
MgB, are associated with different parts of Fermi surface,
which is composed of four separates sheets [17].

The manifestation of MgB, electronic structure in
macroscopic quantities such as the superconducting

critical fields and the anisotropic  parameter
HY g .
y="1¢2 ="~ab has attracted much attention. Here
HS c

He, and & are upper critical fields and Ginsburg-Landau
coherence length, respectively. Reported values of the
anisotropy coefficients are ranging between 1 - 6
depending on the measurements technique and on sample
type, i.e. single crystals, oriented films, aligned crystallites
or powders [18].

In this article magnetoresistivity, Hall effect and
magnetic properties have been investigated on MgB, thin
films fabricated on Al,O; (1001) substrates using electron-
beam deposition and Mg diffusion method.

2. Experimental

Thin films of MgB, were fabricated on Al,O; (1001)
substrates, using electron-beam deposition and Mg
diffusion method. An amorphous B film was first
deposited at the room temperature in a vacuum of 107
Torr. The B films with excess Mg were sealed in a Ta
tube, in 3 kPa Argon atmosphere.

The sealed Ta tube was sealed in quartz tube under
vacuum argon and heated into furnace to 600 °C in
5 minutes. The temperature was then increased to 900 °C
and held approximately 20-30 minutes at this temperature.
The reaction ampoule was then removed from furnace and
quenched to room temperature. X-ray diffraction analyses
confirmed the samples to be MgB, single phase.

Measurements of temperature and field dependent
electrical resistivity and magnetization were performed in
Quantum Design MPMS and PPMS systems. Resistivity
and Hall constant measurements were performed using a
standard DC five probe geometry technique in the
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temperature range 4-300 K, using silver epoxy to make
contacts.

3. Results and discussions

Fig. 1 presents temperature dependence of the
electrical resistivity data for MgB, films taken at a variety
of applied magnetic fields, from zero up to 9 T. It is
clearly seen the effect of the magnetic field: a suppression
of the superconducting phase to lower temperatures for
increasing applied magnetic field, and there is a clear large
magnetoresistivity in the normal state. On the other hand
what can be clearly seen is that there is a substantial loss
of the scattering associated with cooling the samples from
300 K down to 39 K.
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Fig. 1. Temperature dependent resistivity of the MgB,
thin film in magnetic field up to 9 T.

The residual resistivity ratio p(300 K)/p(40 K) is close
to 18. The substantial magnetorestivity observed in the
normal state is a consequence of the very low normal state
resistivity. Using these data and taking

v =4.7x10"em/s we can calculate electronic mean
free path 1=530 A. When this length scale is compared
with the superconducting coherence length &, , it becomes
clear that MgB; is deep at the limit of superconductivity,
I>>E . A low resistivity is also very important for high

current application. The upper critical field He,(T) data
extracted from the magnetotransport data are plotted in
Fig. 2.
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Fig. 2. Temperature dependence of H,, for MgB, thin film
with H||ab and H||c.

H,(T) with Hjjab rises to slightly above 37 T and
He(T) with Hjlc rises to slightly above 18 T about two
times higher.

Anisotropy is very important both for basic
understanding of this material and practical applications,
strongly affecting the pinning and critical currents. The
anisotropy degree of MgB, is still unresolved, reports
giving values ranging between 1.1 and 9.

The anisotropy ratio y = H ﬂgb / H !3 is reported to be

between 1.1 and 1.7 for textured bulk and partial oriented
crystallites; 1.2 -2.0 for c-axis oriented films, 1.7-2.7 in
single crystals and 5-9 for powders [19-23].

_gyllab [ lie _ :
From our data we foundy—Hc2 /ch =2.05, in

agreement with the values reported by others authors.

In order to deduce the values of the anisotropic
coherence lengths from the upper critical fields we used
the anisotropic Ginsburg-Landau theory equations: for the

magnetic field applied along c-axis Hﬂcz = qy 5 »and
TSab
for the magnetic ab-plane

D

field applied in the

H \ab

llab = O gt where @ is the flux quantum,

€.,» . are the coherence lengths along ab-plane and
c-axis.
Using these relations, we can extracted and estimate

Eup=42 A and&, =205 A.
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Fig. 3. Magnetization hysteresis loops for a MgB, thin

film and different temperature between 5 and 20 K using
a SQUID magnetometer.
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Fig. 4. Temperature dependence of lower critical field (H,;)
and irreversibility field (H;.,).

In Fig. 3 are plotted the magnetization hysteresis
loops for a MgB, thin films at different temperatures
between 5 and 20 K using a SQUID magnetometer
(MPMS). The curves present the fluctuations in
magnetization at T=10 and 5 K, while only regular
behavior is seen at the higher temperatures. These
fluctuations indicate that numerous flux jumps are taking
place. The amplitude of the fluctuations is found to be the
largest near 10 K. This unexpected behavior is typical for
such films, when space-resolved magnetic measurements
are performed.

In Fig. 4 are plotted the anisotropic lower critical
fields for MgB, thin films. Most of the values for all
samples are situated between 28 mT and 38 mT. The
London penetration depth deduced from the lower critical

field data range between 900 A and 1500 A for rll¢ (0)
and H[}40(0).

The irreversibility fields at zero Kelvin for MgB, thin
films samples are about 10 T, as can be seen in Fig. 4. The
critical current densities at 4.2 K and 1T magnetic field,
calculated from our data, are of order of 10°-107 A/cm’, in

agreement with data have been reported by others [21, 24,
25].

Fig. 5 shows the temperature dependence of Hall
coefficient in MgB, thin films. The fact that the normal
state Hall coefficient Ry is positive, the charge carriers in
magnesium diboride are holes with a density at 300 K of

about 2.5x10%% holes/m’, for an magnetic field applied
parallel with c-axis oriented film.
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Fig. 5. Hall coefficient versus temperature for MgB, thin film.

4. Conclusions

In this article we present detailed the transport
properties of MgB, thin films in magnetic field up to 9T
with the critical temperature of 39 K.

The MgB, thin films were fabricated on Al,O;
substrates using electron-beam deposition and Mg
diffusion method.

In the superconducting state we find that MgB,
epitaxial thin films has a relatively linear He,(T) curves
which leads to H.»(0)=37T for Hjjab and H.(0)=18T for

Hllc with an anisotropic coefficient Yy =2.05and
coherence lengths &, =424 and &, =20.54. The
penetration depth deduced from the lower critical field
data range between 900 A and 1500 A for Huﬁ (0) =28mT

and Hﬂ‘fb (0)=38mT. The critical current densities at

4.2 K and H=IT range between 10°-10” A/em?®. The Hall
coefficient is positive and holes density at 300 K is about

2.5%x102% holes/m’ for magnetic field applied parallel with
the c-axis of oriented films. The superconductivity in
MgB; is not predicted a priori and for understanding the
mechanism of superconductivity of these new materials
more experimental and theoretical research are necessary.
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