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Fast photoelectric effects have been observed in MgBs thin film fabricated by chemical vapour deposition. The

rise time was ~10 ns and the full width at half-maximum was ~185ns for the photovoltaic pulse when the film was

irradiated by a 308 nm laser pulse of 25 ns in duration. X-ray diffraction and the scanning electron microscope revealed

that the film was polycrystalline with preferred c-axis orientation. We propose that nonequilibrium electron—hole pairs

are excited in the grains and grain boundary regions for MgBs film under ultraviolet laser and then the built-in electric

field near the grain boundaries separates carriers, which lead to the appearance of an instant photovoltage.
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1. Introduction

Since the discovery of the binary metallic MgB,
superconductor with T;. of 39 K, there have been many
efforts to fabricate high-quality thin films of the new
material for fundamental studies and electronic device
applications.[ 3] To date, MgB, thin films have been

grown by various deposition techniques, 48!

including
chemical vapour deposition (CVD) technique.[ Till
now, most of the researches on MgBs mainly focused
on its superconductivity. The same as another famous
YBayCuszO07_5(YBCO) superconductor which can act

(10-13] we report here, for

as infrared photodetector,
the first time, the observation of ~5mV photovoltaic
signals in MgBs thin films when it was irradiated by
a 308 nm laser pulse of 25ns in duration. This phe-
nomenon indicates that the MgB, film may serve as

one of the potential fast ultraviolet photodetectors.
2.Experiment

The preparation of MgB, thin films on MgO(111)
substrates by CVD techniques involved two main
steps, which have been reported elsewhere.?'4 The
thickness of the films was measured to be approxi-
mately 800nm by using a DEKTAK-III surface pro-
filometer. The structures of the MgB, films were char-
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acterized by x-ray diffraction (XRD) using Cu Ka ra-
diation. Indium (In) electrodes (0.5 mm?) were placed
on the surface of MgBs film for measuring the electri-
cal characteristics. The electrical measurements were
performed by using a superconducting quantum inter-
ference device (SQUID) magnetometer in the temper-
ature range of 5-200 K and magnetic field of 0-5T.
The surface morphology analysis was performed by
the JEOL JSM-6700F field emission-scanning micro-
scope (SEM) equipped with an energy-dispersive x-ray
spectroscopy (EDX) system. A typical photovoltage
transient of MgBs film was monitored and memorized
with a 500-MHz sampling oscilloscope terminated into
50 © under the irradiation of a pulsed laser of 308 nm
and 25ns in duration. The laser energy density was
kept as 0.3 mJ/mm?, and the irradiation area was
S5mmx5mm. In particular, the electrodes were always
kept in the dark to prevent the generation of any elec-

trical contact photovoltage.

3. Results and discussion

Though the appearance of the MgBs (101) peak
indicates that the films are polycrystalline, the XRD
pattern in Fig.1 shows that MgB, films have relative

good crystallinity with preferred c-axis orientation.

http://www.iop.org/journals/cp
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Figure 2 presents the morphology of the MgB, thin
films obtained by annealing B films in the Mg vapour.
Based on the scale on the SEM image, the average
grain sizes can be estimated as ~ 400nm in length

and ~150 nm in diameter.
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Fig.1. X-ray diffraction pattern for the CVD-
prepared MgBo thin films on MgO(111) substrates.
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Fig.2. Scanning electron microscopy image for the
annealed MgB» thin films on MgO (111) substrate.

The superconducting properties of the films were
measured by both four-probe DC resistance and DC
magnetization measurements. The resistance mea-
surements conducted with a DC current 0.5 mA in zero
field revealed that the MgBs films on MgO(111) have
a sharp zero resistance transition temperature T, of
about 37.56 K (Fig.3(a)), above which the conductiv-
ity is metal-like. Figure 3(b) shows the magnetiza-
tion hysteresis loop of the MgB, film with the size of
3.0mm X 5.0mm X 0.8um under the magnetic field
applied perpendicular to the film. The magnetization
exhibits the symmetry M (H) = —M(—H), which in-
dicates a dominance of the bulk superconducting cur-

rent.
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Fig.3. (a) Resistance versus temperature for the
CVD-prepared MgB> thin films on MgO (111) sub-
strates. (b) The magnetization hysteresis loops (MHL)
for a MgB2 thin film with the size of 3.0mm X 5.0mm
x 0.8um at 15 K.

Figure 4 exhibits a typical photovoltage transient
of MgBs film to a pulsed laser irradiation of 308 nm
and 25ns in duration. The photovoltaic pulse re-
sponse shows a rise time of 10ns and a full width
for half maximum (FWHM) of ~185ns, which is a
suggestive of the lifetime of ~185 ns for the nonequi-
librium photo-induced carriers. Since little band-gap
information of MgBs at room temperature is avail-
able, we propose a possibility to describe the origin of
this photovoltaic signal. As the MgB, film consists of
grains separated by grain boundaries (GBs) shown in
Fig.2, there is a chemical potential shift Ay between
the GB region and the grain. Thus it might induce
a depletion layer in the GB region, and the build-in
voltage V4, (build-in electrical field) is given by A,
Vi, = Apu. Yang et al calculated the work function of
the MgB, surfaces in the state of superconductivity
by first principle theory, and gave the work functions
of 5.95 and 4.25 eV respectively for B-terminated and
Mg-terminated surfaces.['5] As the rising of tempera-
ture, the work functions are supposed to be smaller
than that in superconductivity state and the ultravio-
let (UV) photon energy (4.0 €V for 308 nm). When the
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laser irradiates the sample, electron-hole pairs can be
excited to move out from grains to GB regions. And
then the nonequilibrium carriers are separated by the
built-in electric field near the GB, eventually, these
carriers lead to the appearance of an instant photo-

voltage.
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Fig.4. The photovoltaic signal of the MgB» film with
high c-axis orientation irradiated by a 308 nm laser
pulse of 25 ns duration. The inset shows a schematic
circuit of the sample measurement, here, A and B de-

note the electrodes.

Since the sample is polycrystalline, there should

be an equal number of grains with photogenerated car-
riers shifting in one direction as in the opposite direc-
tion; hence there should be no net current flow and
no photovoltaic signal. This is not being the case. In
fact, it is uncertain why there is an overall preferred
direction for the flow of the photogenerated current.
This behaviour may be due to the asymmetry (e.g.
preferred c-axis orientation) of the lattice which in-
duces an asymmetric moving of the excited carriers
in a preferred direction. But the mechanism of this
moving is still not clear at the present time. Further
study on the nature of the photovoltaic properties of

such a system is under way.
4. Conclusion

In summary, a photovoltaic effect was observed in
the MgBsy thin film when the film was irradiated by a
308 nm laser pulse of 25ns in duration. The rise time
was ~10ns and the FWHM was ~185 ns for the pho-
tovoltaic pulse. We proposed a possible origin of this
phenomenon that the photogenerated nonequilibrium
carriers are separated by the built-in electric field near
the grain boundaries, eventually, these carriers lead to

an instant photovoltage.
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