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Abstract Orthorhombic DyMnO3 films are fabricated epitaxially on Nb-1.0 wt%-doped SrTiO3 single crystal substrates using
pulsed laser deposition technique. The structure of the deposited DyMnO3 films is studied by X-ray diffraction, and the epitaxial
relationship between the film and the substrate is determined. The electrical transport properties reveal the diodelike rectifying
behaviors in the all-perovskite oxide junctions over a wide temperature range (100 ~ 340 K). The forward current is
exponentially related to the forward bias voltage, and the extracted ideality factors show distinct transport mechanisms in high
and low positive regions. The leakage current increases with increasing reverse bias voltage, and the breakdown voltage
decreases with decrease temperature, a consequence of tunneling effects because the leakage current at low temperature is larger
than that at high temperature. The determined built-in potentials are 0.37 V in the low bias region, and 0.11 V in the high bias
region, respectively. The results show the importance of temperature and applied bias in determining the electrical transport
characteristics of all-perovskite oxide heterostructures.
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1. Introduction

Perovskite rare-earth oxides RMnO3 (R = lanthanide)
have attracted a lot of attentions due to their diverse
properties such as (anti)ferromagneticity, ferroelectricity,
and magneto- resistance effects.1-3) Among these materials,
DyMnO3 (DMO) has prominent underlying intriguing
physics because of its complicated crystalline structures.
Generally, perovskite oxides RMnO3 crystallize in two
types of structures: orthorhombic and hexagonal.4,5) The
different structures are strongly dependent on the radius of
the rare earth ions. For larger ionic size, RMnO3 adopts an
orthorhombic distorted perovskite structure, while for
smaller rare earth cation, RMnO3 tends to take a hexagonal
structure. Because of the medium size of Dy3+ ions,
DMO can be crystallized in either hexagonal or orthorhombic
structures depending on the synthesis methods.6) 

As is known, pulsed laser deposition (PLD) is a useful
technique to fabricate oxide thin films which can be
crystallized into fixed structures depending on the lattice
matching relationship between the substrates and the
films. In this paper, we reported the fabrication of

orthorhombic DMO films epitaxially grown on 1.0 wt%
Nb-doped SrTiO3 (NSTO) substrates by using PLD technique.
The structural and electrical transport properties of the
heterostructure were studied. The unexpected diodelike
rectifying behaviors in the current-voltage (IV) measurements
show the heterojunction effects. Two distinct transport
mechanisms were determined in high and low forward
bias voltage regions.

2. Experimental

The orthorhombic DMO thin films were fabricated by PLD
using a Lambda Physic KrF excimer laser (λ = 248 nm). The
ceramic DMO target was prepared through standard solid-
state reaction process which was reported previously.7) The
energy density of the focused laser on the target is about
2.5 J/cm2. The single crystals NSTO (001) (0.5 mm in
thickness) were used as substrates which were held at
700 oC under oxygen pressure of 30 Pa during the process
of PLD. After 30 min in situ annealing, the deposited thin
films were cooled down to room temperature with a rate of -
5 oC / minute. The thickness of the fabricated DMO thin films
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was determined to be about 150 nm by a surface profile
measuring system. The structures of the deposited DMO
films were studied by x-ray diffraction (XRD) with Cu Kα
radiation at 1.54 Ǻ. The azimuthal φ scans were recorded in
order to assess the phase purity and the epitaxial relationship
between the films and the substrates.

For IV measurements, an evaporated Au spot with an
area of 0.2 mm2 on the surface of DMO film was used as
top electrode and the bottom electrode was an In pad
(1 mm2) pressed on the NSTO substrate to minimize the
contact resistance. The IV curves were measured in a
temperature range of 100~340 K by applying a pulsed dc
bias across the heterostructures. 

3. Results and Discussion

Figure 1 shows the typical q-2q XRD result of the
DMO film grown on NSTO (001) substrate. As can be
seen, besides the sharp (00l) diffraction peaks from the
DMO thin film, no diffraction from randomly oriented
grains or impurity phases can be detected from the x-ray
pattern, suggesting that the prepared DMO thin film is in
orthorhombic structure with a clear c-orientation on NSTO
(001) substrate. The full-width-half-maximum (FWHM)
values of the (002) reflection is about 0.4o indicating good
out-of-plane texture. To investigate the in-plane texture of
the films, the x-ray φ scans around the DMO (112) and
NSTO (112) reflections were shown in the inset of Fig. 1.
The fourfold symmetry peaks reveal that the film is in
orthorhombic structure and well aligned with the substrate.
Each φ scan peak of DMO (112) is equally 45o spaced
between the neighboring φ scan peaks of NSTO (112),
which suggests a 45o rotation between the film and substrate.

The in-plane epitaxial relationship can be determined as [001]
DMO // [001] NSTO and [010] DMO // [110] NSTO. 

The lattice parameters of the orthorhombic DMO are a
=0.581 nm, b=0.527 nm and c=0.739 nm,8) and the NSTO
single crystal substrate is in cubic structure with lattice
parameters of 0.3905 nm. The schematically display of
DMO/NSTO (001) relationship is illustrated in Fig. 2.
The lattice mismatches for the a- and b-parameters of
DMO film with respect to the diagonal lines of the ab-
plane of NSTO (001) substrate are expected to be -5.3 %
along the [110] direction and 4.4 % along the [110]
direction of NSTO crystal. The calculation method of
lattice mismatches was given in Ref. [9].

Figure 3 shows the T dependence of IV curves of
DMO/NSTO (001) heterostructures. The schematic view
of the sample geometry is shown in the upper set. Good
diodelike behavior is evident in the temperature range
investigated. The current is very small at reverse bias,
while increases rapidly at forward bias. As shown in Fig. 3,
the diffusion voltage increases monotonically with reducing T
from 340 K to 100 K. Although, the stoichiometric manganate
oxides are believed to behave as insulating materials, the
rare-earth perovskite manganate films are reported to
show the ability to accommodate more oxygen called

Fig. 1. Typical θ-2θ XRD pattern of DMO film on NSTO (001)
substrate. The inset shows the φ scans of the (112) peaks of DMO
film and NSTO substrate, displaying the well alignment of film
with substrate.

Fig. 2. The schematic diagram of epitaxial relationship between the
DMO film and NSTO (001) substrate.
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“oxidation nonstoichiometry”.10,11) The excess oxygen
might act as an acceptor, changing insulating DMO into
a p-type semiconductor. Moreover, the large lattice
mismatch between DMO film and NSTO substrate can
lead to defects at the interface. The defects may result in
metal vacancy, which will contribute to the transition of
DMO film from the insulating to a hole-doped state.12,13)

In addition, NSTO substrate is reported as a degenerate
n-type semiconductor with a donor density of ~ 5 × 1019

cm-3.14,15) Then the observed nonlinear IV electrical
curves come from the DMO/NSTO heterojunctions. The
band structure is schematically shown in the lower set of
Fig. 3.

For clarity, the log scale of reverse leakage currents of
DMO/NSTO (001) heterostructures at varying temperature
is shown in Fig. 4. The leakage current rapidly increased
with increasing reverse bias voltage. On the other hand,
at the same reverse bias voltage, the leakage current
increases with reducing T in the range of 340-100 K, which
can be explained by tunneling through the heterojunctions.
Similar results were reported in other all-perovskite oxide
junctions.15,16) As shown in Fig. 4, the breakdown voltage, at
which an abrupt change in the reverse IV characteristics
occurred, decreases with reducing T. The result is a
consequence of tunneling effects as the leakage current at
low temperature is larger than that at high temperature. 

In abrupt p-n junction model, the forward current can
be approximately described by exponential equations,17)

(1) and 

(2), 

where Vbi is the built-in potential, Is is the saturation
current, q is the elementary charge, T is the junction
temperature, n is the ideality factor, γ is a constant and V
is the bias applied. As for the electrical transport in ideal
heterojunction, n equals to 1. In practical devices,
however, current transport is dominated by combination
of many complex factors, which results in a larger value
of n.

The exponential forward current in Fig. 3 can be well
fitted by using equations (1) and (2). The results are
shown in Fig. 5. The solid curves through the data points
(open symbols) are the fitting results. There are two
regions with different slopes of lnI-V curves at low and
high forward biases in the temperature range, suggesting
two different mechanisms for current transport. Figure 6
shows the extracted n in the two different regions. In low
bias region, the obtained value of n is between 1 and 2 at
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Fig. 3. Current-voltage (IV) characteristics of the DMO/NSTO
heterojunction measured at different temperatures. Upper set: the
sketch of the sample geometry for measurement. Lower set:
schematic band diagram of the DMO/NSTO junction.

Fig. 4. Log scale of reverse leakage currents of DMO/NSTO at
different temperatures.

Fig. 5. Semilogarithmic plot of the forward bias region of IV
characteristics of DMO/NSTO. The solid lines are theoretical fits.
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high temperatures, which suggests that the current transport
is dominated by diffusion. At low temperatures, below
220 K, the ideality factor reaches unphysical values,
which implies that Eq. (1) is no longer applicable in such
a situation. In high bias region, the obtained value of n is
increased slowly as the temperature goes down, suggesting
that the current transport is dominated by the recombination
of charge carriers, and some other factors could contribute to
the electrical transport at low temperatures. The temperature
dependence of n is very commonly observed in p-n
heterojunctions composed of oxides thin films,18) which can
be attributed to the inhomogeneities of the build-in
potentials at the interfaces.19,20)

According to equation (2), the semilogarithmic plot of
Is/T versus 1/T should give a straight line, and the slope
indicates the build-in potentials. The results in low and

high forward bias regions are shown in Fig. 7. The
determined Vbi is 0.37 V in low bias region, and 0.11 V
in high bias region. The different build-in potentials
suggest that the applied forward bias has effects on the
transport mechanisms.When T is below 220K in low bias
region, the plot deviates from the straight line. The facts
imply that equations (1) and (2) predicted by the thermionic
emission model are no longer applicable. Because of the
mismatch and interfacial stress distribution between the film
and the substrate, the build-in potentials can vary with the
applied electrical field. Moreover, many studies show
that the dielectric properties of perovskite manganates are
electrical field-dependent.21) The permittivity variations
of the films could cause the change of the build-in
potentials at the interfaces. 

4. Conclusion

In conclusion, orthorhombic DMO films were fabricated
on NSTO (001) substrates by PLD technique. The crystal
structure and the epitaxial relationship between the films
and the substrates were analyzed. Electrical transport
measurements show good rectifying behaviors in DMO /
NSTO heterostructures. Two distinct transport mechanisms
are identified. The forward current transport is dominated
mainly by the recombination of charge carriers in high
bias, and diffusion in low bias region respectively. The
results underline the importance of temperature and
applied bias in determining the electrical transport
characteristics of all-perovskite oxide heterojunctions.
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