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ELECTRICAL TRANSPORT PROPERTIES
OF BiFeO, THIN FILM
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Chinese Academy of Sciences Shanghai 200083, China)

Abstract; DC electrical transport properties of perovskite BiFeO, thin films were studied in the temperature range from 80K
to 300K. The films with high or low resistance on SrTi0, substrates were prepared by a chemical solution deposition method
from the same precursor solution at different aged time. For the low resistance samples, the voltage dependence of current is
ohmic and temperature independent at low electric fields. At a medium strength of electric field, it behaves like a typical
Schottky diede. For the high resistance samples it is found that electric carriers move along the grain boundaries of the films
with an activation energy of 0. 57¢V at low electric field while the conduction mechanism can be described with the Frenkel-
Poole model with an energy barrier of 0. 12eV at higher electnic fields, The measurable maximum values of remnant polari-
zation are 2. 6 uC/cm’ and 28, 8.C/cm’ at the temperature of 85K for the two kinds of samples, respectively.
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Introduction

Multiferroic materials possessing both ferroelec-
tricity and ferromagnetism properties have attracted
much attention because of their potential use in micro-
electronic devices in recent years. As a lead-free ferro-
electrics materials, BiFeO, draws much interests not
only for its biferroic nature but also its large remnant

[1~4]

polarization Such materials with thin film form

may provide for significant potential applications in fu-
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ture. Several papers have reported that large remnant
polarization (P,) is found in BiFeO, thin films derived
from physical methods, e. g., PLD. However, no
large value of P, is observed in BiFeO; thin films from
a chemical solution method*!. Poor crystallization
quality of the films and large leakage currents are con-
sidered to be responsible for the small P,. Comparing
with other ferroelectric materials, e. g. , PZT, BST,
BiFeO, has a much larger coercive electric field

(E.) (4] , which imposes much more sirict limitations
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on the leakage current of BiFeO; films. In this paper,
the transport properties of BiFeO, thin films prepared
on lanthium nickelate (LNO) coated strontium titanate
(STQ) substrates by a chemical solution deposition

method are investigated.

1 Experimental procedure and results

The BiFeO, thin films were prepared on LNO coa-
ted SrTi0,(100) substrates. LNO coated SrTiO; sub-
strates were selected because of small lattice mismatch
between them and BiFeO, with a quasi-perovskite
structure. Two kinds of samples, namely A and B,
were obtained with the same precursor solution but dif-
ferent aged time. Samples A were obtained with fresh
precursor solution, while B was fabricated with the
same precursor solution stored in ambient atmosphere
for six months. Detailed fabrication process and struc-
ture characterization of the films can be found in Ref.
[6] and [7]. The thickness of both kinds of samples
is ~160nm. Pt top electrodes with an area of 1 x 10*
em’ were sputtered onto the sample with a photolitho-
graphic method. Ferroelectric property was character-
ized with a RT66. The Keithley6517 was employed to
measure the weak leakage current under dc voltage bi-
as. The variation of the temperature of the samples was
controlled with a MMR temperature variation stage with
micro probes,

Fig. 1 shows the ferroelectric properties and cur-
rent versus voltage of the two kinds of samples at 85K.
It can be seen that the leakage current in samples A is
one order higher than that in samples B. Both A and B
show a distortion in the negative voltage range, which
is caused by the leakage current (as will be discussed
below). Note that the P, of samples A is one order lar-
ger than that of B. To have a deep insight into the
mechanism which gives rise to the leakage current,
careful investigations of dc electrical transport proper-
ties of the samples were carried out in the temperature
range from 80K to 300K.

Upon the de bias to a capacitor consisting of insu-
lating film, three parts of current can be obsérved,
charging current, absorbing current and leakage cur-
rent. Theoretically the former two parts will vanish af-

ter a sufficient long time of waiting. In samples A, a
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Fig. 1 Comparisons of ferroelectric and DC current versus
voltage properties of the two kinds of samples at temperature of
85K.
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steady state of leakage current can be obtained after a
few seconds of the applying of the voltage. Fig. 2 shows
a typical /-V curve of the samples at 85 K in a log-log
scale. The inset magnifies the linear and exponential
parts of /-V curve at 85K.

I-V measurement on the samples B is very difficult
due to long waiting time to get a steady state. Mean-
while, electrical or thermal break down may happen af-
ter long stress time of dc bias. Thus current versus

temperature under constant dC bias was measured in-
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Fig.2 IV curve at 85K for sample A, Three regions;
Ohmic, exponential, and power law dependence of current
on voltage are observed. The curve represented by square
is for negative voltage bias, circle for positive bias. Inset:
I-V curve at low voltage bias
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stead of I-V curves. In this case, current under zero
voltage bias was also measured to investigate the contri-
bution of the thermal stimulated current’ . In order to
eliminate the pyroelectric current from the measured to-
tal current, data were taken with both increase and de-
créase of temperature at a rate of +0. 1K/s. Fig. 3 re-
presents the variation of conductance with temperature
under different dc bias. Each set of data was taken on
a fresh sample (a capacitor) to avoid effects of voltage
stress. The measurement was made for both positive
and negative bias to check the effect of the observed a-
symmetry in the [-V curves.

For polycrystalline films, conductance obtained by
a dec method consists of several transport processes,
transport across grain boundaries, grains, and/or elec-
trical interfaces'®’.

process, the conductive tip AFM ( CTAFM) morphology

To identify the probable transport

and resistance mapping of the films were carried out on
samples B''"'. At low electric field, electric current was
detected along the grain boundaries. At higher negative
electric field, current transport across the whole grains.
The current density kept at a low level under a positive
electric filed. This rectifier behavior is consistent with
the results of macroscopic dc measurement. A few con-
ducting spots were found related to the second phase in

1)

the film as reported by H. Bea et al'
2 Discussions

2.1 Transport properties in samples A ( with
high leakage current)

Three regions in the curve of voltage dependence
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Fig.3 Arrehenius plot of the temperature dependence of the
conductance for samples B
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of current , Ohmic, exponential, and power law, were
observed in this kind of samples (see Fig. 2).

shown in inset of Fig. 2, the I-V curve shows a rectifier
characteristic at low voltage bias. Because of the defi-
ciency of A-site atoms in an ABO, perovskite-structure

Schottky junction
te)

film, the film is a p-type material.
formed when platinum was used as electrodes’
Comparing the I-V results with the hysteresis loops of
the samples, it can be concluded that the distortion in
the PE curve is resulted from large leakage currents.
2.2 Transport properties in samples B ( with low
leakage current )

There are several conductance mechanisms to ex-
plain the electrical transport in an insulating thin
film'"™, A common feature is the exponential depend-

ence of conductance on the temperature,
L = _ .1
o« Aexp{ k,,T[‘p B]} Aexp{ k,,Ta} , (D)

where @ = ¢ — 3, A is a constant independent or week-
ly dependent on the temperature, ¢ is the Schottky bar-
rier or the defect energy-level related to the conduction
band of the material, and B is the lowering of the barri-

er by applied voltage,

= ./qEk/me. e, =

for Frenkel-Poole emission,

Zli JaS7m JVIC , (2)

and half of this value for
Schottky emission, where E is the applied electric
field, £ the dielectric constant, d the thickness of the
film, S the area of the top electrodes, C the capacitance
value of the capacitor, and V is the applied voltage.
Thus by plotting the slope of the curves in Fig. 3 versus
the square root of the applied electric field for each
curve, the coefficient can be obtained experimentally.
However, the situation in ferroelectric material is com-
plicated by the fact that dielectric constant varies with
both temperature and applied voltage. From dielectric
measurement, it is found that the modulation of capaci-
tance by applied voltage can be neglected. The capaci-
tance changes by 20% from room temperature to 70K.
Using an average value of the capacitance in the corre-
sponding range of temperature for each data set in Fig.

3, the dependence of the slope for the curves in Fig, 3

n /V/C can be obtained. The results are shown in
Fig. 4. Two lines with distinct slopes were fitted to the
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Fig.4 The slope of curves in Fig. 3 versus /V/C. Solid
lines are linear fitting to the data. The number near each date
indicates the voltage at which the conductance was measured
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low and high electric field regions, indicating different
transport mechanism dominant in these two regions.
For the lower field region, the energy barrier was
0.57eV, which is a reasonable value for the energy
barrier at Pt/ BiFeO, interface or a carrier trap center
in the insulator. However the slope is one order larger
than the value for Sch;)ttky emission or Frenkel-Poole
models. Fitting the line to the high electric field region
results in an activation energy of 0. 12eV. The slope of
the line is in agreement with Frenkel-Poole model.
Comparing the above results with that of CTAFM,
the fitting parameters in the low electric field should be
adequate to describe transport across the BiFeO, grain
boundaries. Since there are not any theory models
available, further investigations need to be done about

this issue.
3 Conclusion

The electrical transport mechanisms for chemical
solution deposition derived BiFeQ, thin films with high
and low leakage current were studied. The samples
with large leakage current showed a semiconductor like
behavior. The low resistance prevented poling of the

samples, which lead to a much smaller P,. In high re-

sistance thin films, the leakage current was along the
grain boundaries at low electric fields. At high electric
field the current transport across the whole grains. The

process can be described by the Frenkel-Poole model.
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