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Abstract. Nano-constriction array in La0.67Sr0.33MnO3 film was fabricated by using ion beam etching
masked by a monolayer of packed and ordered array of SiO2 microspheres. Nano-constrictions of around
50 nm in width were fabricated. The low field magnetoresistance (LFMR) exhibited in the samples were
observed to be current dependent and the I-V characteristics of the film were found to be nonlinear. These
observations were attributed to the co-existence of the ferromagnetic regions and the nano-constricted
region of weakened ferromagnetic coupling where Mn3+-O-Mn4+ bond were distorted due to the ion beam
bombardment. The spin polarized bias current would strengthen local ferromagnetic coupling when passing
through this nano-constricted regions. This current effect is relatively large comparing to the external
magnetic field to the drop of resistance.

PACS. 75.47.Lx Manganites – 73.63.Rt Nanoscale contacts

1 Introduction

The half-metallic perovskite magnet showing colossal
magnetoresistance (CMR) has been a topic of intense re-
search in the last decade [1–3]. However, the CMR ef-
fect is only appreciable in large magnetic fields of several
Tesla and it is too high for most applications. Therefore,
in recent years, intense research activity has been focused
on the extrinsic low field magnetoresistance (LFMR) of
various structures such as grain boundary junctions [4–6],
magnetic tunneling junctions [7], nano-constrictions [8–10]
etc. Very large magnetoresistances have been achieved in
these structures and they were found to be current de-
pendent. Several models have been proposed to explain
the current dependence of the magnetotransport proper-
ties [5,9,11], however, consensus has not been reached.
In this work we aim to further our study on magne-
totransport properties of the nano-constriction array in
La0.67Sr0.33MnO3 (LSMO) film and to shed further light
on its origin of nonlinear I-V characteristics. In the pre-
vious study [10], nano-constriction was fabricated in the
pre-patterned microbridge masked by a monolayer of col-
loidal microspheres by ion beam etching. However, in the
present study, a microbridge was patterned after the ion
beam etching process in a region that was more uniformly
covered with nano-constrictions, which allows us to have
more control on the dimension of nano-constriction to ob-
tain more homogeneous samples. Furthermore, the trans-
port measurement of the nano-constriction array was car-
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ried out before and after annealing to ensure that our ob-
servations are contributed from the oxygen-deficient state
in nano-constrictions caused by ion beam bombardment.
We also found that the spin polarized bias current has ef-
fect of strengthening local magnetic coupling when passing
through the oxygen-deficient nano-constriction.

2 Experimental details

Epitaxial thin films of LSMO were grown on STO [100]
substrate from a stoichiometric target by pulsed laser de-
position (PLD) with KrF laser of λ = 248 nm. The depo-
sition conditions were a substrate temperature of 750 ◦C
in an oxygen partial pressure of 0.3 mbar. The laser en-
ergy density per pulse was about 1.5 Jcm−2 and the pulse
repetition rate was 5 Hz. Then the deposited films were an-
nealed at 750 ◦C under oxygen pressure of 1 atm for 1 h.
The film thickness was determined to be about 200 nm
with a step profiler.

After thin film deposition, a drop of the solution from
commercially purchased aqueous suspension of SiO2 mi-
crospheres [Duke Scientific Corp.] with a diameter of
0.99±0.05 µm was dropped onto the oxide films. These mi-
crospheres self-assembled into a nearly hexagonally closed-
packed ordered configuration that served as a mask for
ion beam etching. The LSMO films partially covered by
packed microspheres were then placed inside the chamber
of an ion beam etching facility equipped with RF 25 ion
source [Oxford Applied Research]. The working gas was
Ar. The RF power used was 350 W and the accelerating
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Fig. 1. AFM image of nano-constriction array on LSMO film
after ion beam etching for 60 min. The brighter regions are
the residual LSMO film. Nano-constrictions of around 50 nm
in width are fabricated in LSMO film.

voltage was 600 V. The duration of the etching process
was 60 min.

Figure 1 shows an AFM picture of the nano-
constriction array formed on the LSMO film after the
whole process. The parts of the film which were not cov-
ered by the mask were etched away and the area shielded
by the spheres remained. The nano-constrictions about
50 nm were formed on the contact point between two
spheres. It is found that the remained islands connected
by nano-constrictions are pyramid-liked. This is because
as a mask, the SiO2 spheres shrank at the process of ion
beam etching and the area shielded by microspheres be-
came smaller with the etching time.

After etching, the microspheres were removed and a
bridge of 20 µm in width and 50 µm in length was pat-
terned on the etched area using conventional wet etching
technique. Figure 2 shows the schematics of the whole
process of sample preparation. After sample fabrication,
four-point probe method was used to measure the mag-
netotransport properties of the bridge with magnetic field
up to 3000 Gauss applied parallel to the current.

3 Results and discussions

Biased at the current of 1 µA, the temperature depen-
dence of the resistance with external magnetic field of
3000 Gauss and that without external field are shown
in Figure 3. The R-T curve of the original continuous
LSMO film is also presented as an inset in Figure 3, which
shows the metallic behavior. The resistance of the nano-
constriction-patterned thin film had increased by several
orders of magnitude after being etched and the metal-
insulator transition temperature TP shifted from above
300 K to about 170 K. For the nano-constriction-patterned
sample, when temperature is below TP , the gap between

Fig. 2. Schematics of the sample preparing process. (a) depo-
sition of a monolayer of SiO2 microspheres onto the center of
the LSMO film (b) the top view of the film covered by pho-
toresist except a strip at the center of the film and subjected
to ion beam (c) after the ion beam etching, the photoresist
has been cleared and the microspheres have been removed (d)
a microbridge is fabricated on the etched area for transport
measurement.
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Fig. 3. R-T curves of film with bias current of 1 µA after being
etched for 60 min. The two curves represent the measurements
carried out with and without applied field of 3000 Gauss re-
spectively. Insets: R-T curve of the original film where TP is
above 300 K with resistance much smaller than the etched film
by several orders of magnitude.

the R-T curve with applied magnetic field of 3000 Gauss
and that without magnetic field is almost a constant.
Therefore, the MR ratios of the film increase as the tem-
perature decreases. This behavior is very similar to those
in the polycrystalline bulk materials or thin film. How-
ever, further investigation on the temperature dependence
of the resistance of nano-constriction array with bias cur-
rent from 10 nA to 1 µA under zero magnetic field revealed
that (Fig. 4) the value of peak resistance became smaller
and the TP shifted to a higher temperature when the bias
current increased. Here we could rule out the thermal ef-
fect as it would cause TP to shift to a lower temperature,
which is contrary to the observations for our sample. So far
no such phenomenon was reported in the polycrystalline
bulk materials or continuous thin films.

Furthermore, Figure 5 shows the I-V curves
at different temperature without magnetic field for
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Fig. 4. Temperature dependence of the resistance of nano-
constriction array with bias current form 10 nA to 1µA un-
der zero-field. The peak resistance became smaller and the TP

shifted to a higher temperature when the bias current was in-
creased.
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Fig. 5. I-V characteristic of the nano-constriction array un-
der different temperature without applied field. This nano-
constriction array has stronger nonlinear I-V characteristic at
low temperature.

the nano-constriction-patterned sample. This nano-
constriction array has stronger nonlinear I-V character-
istic at low temperature and the nonlinearity becomes
less apparent with the temperature increasing. The nonlin-
ear I-V characteristic have been observed in our previous
studies [10] and other structures such as grain boundary
junctions [4–6], magnetic tunnelling junctions [7], nano-
constrictions [8–10] etc. There are several proposals to
explain the current dependence of the magnetotransport
properties [5,9,11]. Below, we shall discuss the contribu-
tion of ion beam radiation to the oxygen deficiency in the
film and its effect to the nonlinear transport behavior.

A magnetoresistance measurement was carried out on
the sample before and after the ion beam etching at 80 K.
No significant MR ratio was observed before the film was
etched with the applied field up to 3000 Gauss. After ion
beam etching, the low field MR increased significantly.
Further study found that this LFMR was current depen-
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Fig. 6. Current dependence of MR ratio of the nano-
constriction array at 80 K. The MR ratio increased with de-
creasing bias current.

dent, as shown in Figure 6. Although the noise increased
with decreasing bias current, it is apparent that the MR
ratio increased with decreasing bias current. When the
bias current was at 10 nA, the nano-constriction array
exhibited about 30% MR ratio with applied field up to
3000 Gauss.

In the course of the sample fabrication, it is inevitable
that there will be some oxygen deficiency in the film due to
the ion bombardment. Since the energy of the ion beam of
600 eV is very low, it is expected that the influence of oxy-
gen deficiency is significant only at the area of the nano-
constrictions where the thickness is much thinner than
that of the islands (see Fig. 1). Other than the constric-
tion region, there is almost no change of oxygen content in
the film except for a very thin layer of surface comparing
to original film. Since the oxygen deficiency will cause the
reduction of hole concentration and the change of Mn-O-
Mn bond angle, and further decrease the Curie temper-
ature [12,13], the patterned film can be viewed as a sys-
tem in which the ferromagnetic islands were connected by
nano-constrictions with weakened magnetic coupling. In
terms of the double exchange interaction [14], the metal-
insulator transition temperature is expected to shift to a
low temperature since the current has to flow through the
nano-constriction where the magnetic coupling is weak-
ened, as show in Figure 3. Spin polarized current flowing
through regions of weakened magnetic coupling will ex-
hibit low field MR as shown in Figure 3, similar to that at-
tributed to the grain boundary. These are consistent with
the results of the ion irradiated manganites [15,16].

In order to confirm the oxygen deficient state in nano-
constriction caused by ion bombardment, the sample was
annealed at 750 ◦C under oxygen pressure of 1 atm for
1 h. And then the same measurements were repeated.
Through annealing in oxygen atmosphere, the constric-
tion absorbed oxygen and the resistance of the sample
decreased significantly. The R-T curve (not shown here)
indicated that the metal-insulator transition temperature
TP shifted back to a temperature higher than 300 K. No
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nonlinear phenomenon was observed in I-V characteristic
and magnetotransport measurements even at low temper-
ature.

The current dependence of TP , shown in Figure 4,
strongly indicated that there is a relationship between
magnetic properties of the nano-constriction array and the
current flowing through it in terms of double exchange
interaction. Westerberg et al. [17] proposed a model to
explain a dependence of the hysteretic low field MR on
the bias current. The model is based on an assumption
that a polarized charge carrier from the ferromagnetic re-
gion due to double exchange will strengthen local mag-
netic coupling in the region of weakened ferromagnetic
coupling during its transition. This is plausible if the time
interval for each manganese ion encountering two succes-
sive spin-polarized electrons (10−7 ∼ 10−9 s in this ex-
periment) is comparable to or even smaller than the spin
relaxation time (>10−8 s [18]). This current effect is rel-
atively large when comparing with the effect of external
magnetic field. (see Figs. 4 and 6) At 80 K, increasing the
bias current from 10 nA to 0.1 µA will cause the resistance
drop of 79.3% and to 1 µA will cause the resistance drop
of 94.8%, which are much larger than the magnetoresis-
tance of about 30% at 10 nA bias current with magnetic
field up to 3000 Gauss. This suggests that the effect of a
bias current of as small as 0.1 µA to the resistance drop
is equivalent to the application of an external field much
larger than 3000 gauss on the system.

Based on the assumption described above, the increase
of the bias current caused more polarized charge carri-
ers pass through the weakly coupled nano-constrictions
hence creating a stronger ferromagnetic coupling between
the spin-polarized islands resulting in a higher Curie tem-
perature. Therefore, with the increase of the bias current,
TP will increase and the peak resistance will decrease in
the framework of double exchange interaction, as shown in
Figure 4. However, at lower bias current, the applied field
could more easily modify the magnetic configuration of
the ferromagnetic islands because of the weaker coupling
between two ferromagnetic islands and hence produce a
larger MR ratio, as shown in Figure 6.

We now turn to explain the nonlinearity of the I-V
characteristic exhibited by the nano-constriction array.
As discussed above, in the nano-constriction array sys-
tem, the value of TP shifted to a higher temperature
with increasing bias current. A maximum temperature
of (TP )max was expected. For a temperature higher than
(TP )max, the nano-constriction array will be in param-
agnetic insulating state and its resistance will be a con-
stant no matter how large the bias current is. Thus the
I-V curve will be linear, as shown in Figure 5 for the
case of measurement at 240 K. For a temperature below
the (TP )max, at a very small applied current, the nano-
constrictions are in paramagnetic and insulating state due
to very weak ferromagnetic coupling. With the increase of
the bias current, the nano-constrictions will gradually be-
come ferromagnetic and conductive. The larger the bias
current applied, the higher the Curie temperature of the
nano-constrictions and the smaller the possibility for elec-

trons being scattered by magnon, which leads to a smaller
resistance. Hence the nano-constriction array will exhibit
nonlinear I-V characteristic at a low temperature.

4 Conclusions

In conclusion, we have studied the magnetotrans-
port properties of the nano-constriction array in
La0.67Sr0.33MnO3 film fabricated using ion beam etching
masked by a monolayer of packed and ordered array of
SiO2 microspheres. Strong current dependence of the mag-
netotransport properties and nonlinear I-V characteristic
have been observed. All these observations are attributed
to the co-existence of the ferromagnetic regions and the
weakened ferromagnetic coupling nano-constricted region
where the Mn3+-O-Mn4+ bond are distorted. The weak-
ened ferromagnetic coupling is arisen from local oxy-
gen deficiency which is contributed from ion bombard-
ment and could be eliminated by further annealing of the
sample.
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