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Abstract
Atomic force microscopy (AFM) lithography has been performed in
La0.8Ba0.2MnO3 (LBMO) films. Unexpectedly, controllable nano-sized
patterns can be obtained with an excellent reproducibility under a negative
sample bias rather than a positive one, which is completely different from
doped SrTiO3 and high TC superconductors, though they are of similar
perovskite structure. The size of AFM lithography patterns can be
controlled well by the sample bias and the selection of tips. Compared to the
non-patterned region, AFM lithography patterns exhibit different
mechanical, electrical, even possible magnetic properties. Moreover, a
simple wet etching can transfer AFM lithography patterns into nano-grooves
with a high etching selectivity and without destroying the physical
properties of LBMO thin films. It is expected that various spintronic
nano-devices will be fabricated with perovskite manganites by AFM
lithography and etching techniques.

(Some figures in this article are in colour only in the electronic version)

1. Introduction

Perovskite manganites have attracted increasing interest over
the last several years due to their fascinating physical
properties, such as colossal magnetoresistance effects,
metal–insulator transition and ∼100% spin polarization,
etc. In particular, lightly doped La1−x Bax MnO3 films
exhibit extraordinary thickness dependence on the Curie
temperature [1–3], so that ferromagnetism remains up to
room temperature in an ultrathin film of 50 Å. As a result,
lightly doped La1−x Bax MnO3 film is considered to be one
of the promising candidates for the realization of room-
temperature spintronic devices [1]. Undoubtedly, to find a way
to fabricate nanostructures in ultrathin perovskite manganite
films is considerably important for both fabricating single
nanosized spintronic devices and investigating the relevant
mesoscopic physics.

In 1990, Dagata et al [4] oxidized hydrogen-passivated
silicon surfaces using scanning tunnelling microscopy (STM).
The oxide feature with 100 nm resolution can be used as an
etching mask or an insulating barrier. Since then, scanning
probe microscope (SPM) lithography has become a highly
promising method for nanolithography and the fabrication of
nanodevices. It is worth noting that this technique has been
extended to the single atomic level, as reported in [5, 6].
On metal [7–12] and semiconductor [13–21] surfaces, nano-
patterns have been created by SPM lithography, which has been
attributed mainly to an electrochemical oxidation induced by
an intense electric field or current. Notably, SPM lithography
has been gradually used in perovskite oxides, such as high-
TC superconductors [22–29] and doped SrTiO3 [30, 31]. The
mechanism of SPM lithography in oxides is more complicated.
In our previous investigation [31], atomic force microscope
(AFM) lithography was successfully performed in Nb-doped
SrTiO3 under a positive sample bias, and relaxation behaviours
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of fabricated nanopatterns were observed, which suggests that
a significant chemical transport occurs during and after AFM
lithography in perovskite oxides.

In this paper, we have investigated AFM lithography
in perovskite manganite La0.8Ba0.2MnO3 (LBMO) thin films
with the aim of extending AFM lithography into perovskite
manganites. It was found that controllable nano-sized patterns
could be obtained with excellent reproducibility under a
negative sample bias rather than a positive one. The size of
AFM lithography patterns could be controlled well by both
the sample bias and the selection of tips. Compared to a non-
patterned region, AFM lithography patterns exhibited different
mechanical, electrical, even possible magnetic properties. A
simple wet etching transformed the AFM lithography patterns
into nanogrooves with a high etching selectivity. Importantly,
AFM lithography and following wet etching did not destroy the
important physical properties of LBMO thin films even with a
thickness of 100 Å. This finding offers a very important way
of fabricating nano-sized spintronic devices with perovskite
manganites.

2. Experimental details

LBMO films with a thickness 100 Å were deposited on
SrTiO3(100) single crystal substrates by laser molecular beam
epitaxy in an O2 atmosphere with a pressure of 0.1 Pa. The
substrate temperature was 730 ◦C. The deposition rate was
about 6.3 Å min−1. All the fabricated films were annealed in
situ with the growth conditions for 20 min and post annealed
in 1 atm oxygen at 850 ◦C for 10 h in order to avoid any
oxygen deficiency. The film structure was confirmed by
x-ray diffraction. All deposited films indicated atomically
flat surfaces. LBMO films were patterned into 10 µm-wide
patterns by optical lithography and Ar-ion beam milling. AFM
(JEOL JSPM-4200 and DI nanoman) mounted by conductive
tips (Si cantilever coated by Pt, Cr–Co alloy, or W2C) was
used to perform AFM lithography with a contact mode in
air. During AFM lithography, the tip scanning speed was
500 nm s−1 with the feedback on. After the AFM lithography
and subsequent wet etching, topologies were observed with
tapping or contact mode. Friction force microscopy (FFM)
images were obtained by contact mode. The electrical
transport properties of patterned nanostructures were measured
by means of a physical property measurement system (PPMS).

3. Results and discussion

As is known for SPM lithography processes in metals [7–
12], semiconductors [13–21], even in SrTiO3−δ [30] and Nd-
doped SrTiO3 [31], a positive sample bias (corresponding to a
negative tip bias) is necessary, and no pattern can be obtained
under a negative sample bias. At first, we performed AFM
lithography on atomically flat LBMO surfaces under a positive
sample bias. Mounds and grooves appeared alternately in
LBMO films. Usually, the pattern was sub-micron-sized
and lacked controllability and repeatability. It seemed to
be very difficult to control the size and shape of the pattern
though various positive sample biases were tried. However,
when a negative sample bias was applied, nano-patterns were
obtained with excellent controllability and reproducibility. As
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Figure 1. Topography of La0.8Ba0.2MnO3 thin film patterned by
AFM lithography with a Pt-coated tip under various negative sample
biases (a); cross section (b); tip bias dependence of the height (c)
and width (d) of AFM lithography patterns; the tip bias is reversed
to sample bias.

a representative, figure 1(a) shows the topography of a LBMO
film patterned with a Pt-coated tip under various negative
sample biases. The size of the AFM lithography patterns could
be well controlled by the sample bias and the selection of tips.
The height of the pattern increased with increasing sample
bias linearly at first, then saturated at ∼8, ∼5 and ∼4 nm
for the tip coated by Pt, Cr–Co and W2C, respectively (as
shown in figure 1(c)). The threshold voltage, below which
the pattern did not appear, was about −4 V for a W2C-coated
tip, and about −3 V for a Pt-coated tip. The width of the
AFM lithography patterns also increased linearly with sample
bias, and no saturation was observed up to a sample bias of
−12 V. Comparing figures 1(c) and (d), one can find that
when the sample bias was above a saturation value, which is
dependent on the selection of tips, the increase of sample bias
only made AFM lithography patterns increase in width, but
not in height. Compared to the sample bias and the selection
of tips, the reference voltage (which determines the distance
or force between tip and sample surface) and tip scanning
speed during AFM lithography are not important parameters
for controlling the pattern height and width. So far, we have
obtained the small patterns with both the pattern width and the
interval less than 50 nm by W2C (as shown in figure 2(c)) or
Pt tip.

Figures 2(a) and (b) show the AFM and FFM images of
non-patterned LBMO surfaces. Terraced surfaces with the step
height of one unit cell size (∼0.4 nm) can be seen in figure 2(a)
and no obvious differences in FFM image. As shown in
figure 2(c), by contact mode, five lines were written on the
LBMO film surface with a W2C-coated tip under a sample
bias of −8 V. It can be observed clearly in figure 2(d) that
these AFM lithography patterns under a negative sample bias
were of smaller friction forces compared to the non-patterned
region. Because the normal loading force was kept constant
during the whole observing process, one can conclude that the
friction coefficient of the patterned region was smaller than
that of non-patterned regions.
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Figure 2. AFM ((a) and (c)) and FFM ((b) and (d)) images of
non-patterned La0.8Ba0.2MnO3 surfaces ((a) and (b)) and patterned
with a W2C-coated tip under a sample bias of −8 V ((c) and (d)).
The scanning size is 1 µm × 1 µm.
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Figure 3. Topographies of the patterned La0.8Ba0.2MnO3 surface
under a sample bias of −12 V with a Pt-coated tip measured
immediately (a) and 15 h later after AFM lithography (b);
current–voltage relationship between electrode S and D, and
between electrode S and G (c).

Figure 3(a) shows a structure fabricated under a sample
bias of −12 V. The current–voltage characteristics between
electrodes S and D, and between electrodes S and G were
measured in the voltage range from −1 to 1 V, respectively.
As shown in figure 3(c), under a voltage of 1 V, the current was
1.7 × 10−5 A between electrodes S and D, and 1.6 × 10−8 A
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Figure 4. Topologies of a patterned La0.8Ba0.2MnO3 surface (with a
Pt-coated tip under a sample bias of −10 V) before (a) and after
(b) wet etching. (c) and (d) show the resistance and
magnetoresistance of the LBMO channel as a function of the
temperature measured under various magnetic fields. The
magnetoresistance (MR) was defined as MR = R(H )−R(0)

R(0)
× 100%

where R(0) and R(H ) are the resistance in the absence and in the
presence of a magnetic field.

between electrodes S and G. It is suggested that the patterned
region was transformed into an insulating barrier, and was of
a resistivity three orders of magnitude higher than the non-
patterned region. In addition, it is also expected that the
magnetism of the patterned region would also be modified by
AFM lithography based on the analogy of AFM lithography in
Fe3O4 thin film [32]. In general, by AFM lithography under a
negative sample bias, physical properties, such as mechanical,
electrical, and even magnetic properties, could be modulated
in nanosized regions.

Similar to that observed in Nb-doped SrTiO3 single
crystal substrates [31], a slow relaxation behaviour of the
AFM lithography patterns also appeared in the LBMO films.
After laying the sample patterned by AFM lithography in
air for 15 h, the patterned lines became obscure (as shown
in figure 3(b)), and the resistivity between electrodes S and
G became smaller than measured immediately after AFM
lithography (as shown in figure 3(c)). The relaxation of
the written patterns is obviously disadvantageous if using
directly these AFM lithography patterns as insulating barriers.
Fortunately, it was found that the introduction of surface
defects by Ar bombardment before AFM lithography could
stabilize these nanopatterns, which was reported in detail
in [31]. Moreover, there are many more defects in the artificial
films compared to single crystals. As a result, the relaxation
here is much slower than in Nb-doped SrTiO3 single crystal.
On the other hand, the size-controllable patterns obtained
under negative sample biases can be easily removed with a
high etching selectivity to obtain nano-sized grooves by a few
seconds dip in HCl solution. As shown in figure 4(a), two
lines were written with Pt-coated tip under a sample bias of
−10 V. The patterned sample was dipped in 10% HCl for 15 s.
AFM lithography patterns were transferred into grooves. The
width and depth of such grooves were ∼200 nm and ∼10 nm
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(the thickness of the thin film), respectively. The width and
depth of grooves could be well controlled by the negative
sample bias during the AFM lithography. More importantly,
except for the effects caused by the reduction of size, AFM
lithography and sequent wet etching did not cause obvious
influences on the physical properties of LBMO thin films.
This point is very important for fabrication of nanodevices
by combining AFM lithography and etching techniques. The
resistance as a function of the temperature of the LBMO
channel with 200 nm width (see figure 4(b)) was measured
under various magnetic fields. As shown in figures 4(c)
and (d), a metal–insulator transition appeared at ∼320 K
and a magnetoresistance peak appeared at ∼300 K, which is
basically consistent with that of non-patterned LBMO films [1–
3]. In the low temperature range, a positive magnetoresistance
appeared, which could be related to the domain wall effects of
the sub-micro-sized channel.

4. Summary

In summary, we have realized nano-lithography in La0.8Ba0.2

MnO3 films by AFM. It was found that, for the first
time, under a negative sample bias rather than a positive
one, controllable nano-sized patterns can be obtained with
excellent reproducibility and high etching selectivity, which
is opposite to that in doped SrTiO3 though they are of
similar perovskite structures. Furthermore, the mechanical,
electrical, and even magnetic properties can be modulated
with nano-sized resolution by this method. Importantly,
AFM lithography and sequent wet etching do not destroy
the important physical properties, such as room-temperature
ferromagnetism, colossal magnetoresistance effects and
metal–insulator transition, of LBMO films even with a
thickness of 100 Å. It is expected that various nanodevices,
such as spin-field effect transistor [33] and the ferromagnetic
single electron transistor, will be fabricated with perovskite
manganites by the technology reported here.
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