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Functional surfaces with biomimetic nanotexture have aroused much interest because of their great
advantages in applications. The nanometer-sized biomimetic textures are fabricated using current induced
local anodic oxide (LAO) method. By controlling pulsed bias voltage, pulsewidth and relative humidity, the
dimensions of biomimetic textures can be precisely controlled. In our study, an atomic force microscopy
(AFM) is used for both fabrication and characterization. Conductive AFM allows fabrication process
of biomimetic nanotexture without the need to change masks or repeat entire fabrication process.
Furthermore, the adhesive characterization of the biomimetic nanotexture was investigated by a colloidal
probe.
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1. Introduction

Functional surfaces with biomimetic texture have aroused much
interest because of their great advantages in applications. The geo-
metrical structure of the surface together with chemical compo-
sition governs the properties of solid surface. Some plat leaves
and bodies of animals are known to control adhesion, friction and
wettability. Inspired by these living organisms in nature, artifi-
cial surfaces with some textures are commonly fabricated through
many methods such as crystallization control [1], phase separation
[2,3], molding [4], anodic oxidization of aluminum [5], immersion
of porous alumina gel films in boiling water [6], electrochemical
deposition [7,8] and chemical vapor deposition [9,10]. However, all
these methods cannot produce surfaces with biomimetic textures,
and also they are with high cost. In our previous study [11], we
successfully duplicated original biological surface on nickel surface
combining template duplication and electroplating methods. Un-
fortunately, this method can only well produce biomimetic texture
at micrometer scale, furthermore, the duplicate sheets were no flat
at macroscale due to internal stress. Over the past years, nanos-
tructures and nanodevices have attracted tremendous attention as
well as physical challenges in ultimately scaled designs for the fu-
ture. The challenge in the methodology is the biomimetic patterns
using in surfaces of the nanodevices.

Patterns with dimension of 100 nm or larger have been
fabricated using photolithography [12,13], microcontact printing
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[14–18], microwriting [19,20] and micromachining [21]. Ion and
electron beam lithography have produced patterns within the
films with dimensions of tens of nanometers under ultra high
vacuum conditions [22–24]. Scanning probe lithography (SPL),
nanoparticles mask and nanografting have produced patterns with
dimensions of several nanometers within self-assembled mono-
layers (SAMs) [25–27]. The nanopattern SAMs produced via SPL
or nanografting have primarily been negative patterns or in so-
lutions [28–30]. The challenging task remains to produce more
microscopies such as nanometer or molecular-scale, patterns of
controlled lateral metrology [29]. Local anodic oxidation (LAO) by
the atomic force microscope (AFM) is one of the lithography tech-
nique perspectives for fabrication of nanometer-scaled structures
and devices [31,32]. AFM-LAO is base on a direct oxidation of the
sample by negative voltage applied to the AFM tip with respect to
the surface of sample. The AFM-LAO process can be used in not
only fabrication of nanodevices but also adhesion-resistance and
friction-reduction as surface textures [33,34]. In previous studies,
AFM-LAO has been demonstrated as the most promising tool for
fabricating nanodots and lines on several types of materials rang-
ing from metals and semiconductors [35–43].

AFM has been used extensively to measure adhesive forces be-
tween the contact surfaces in nanoscale. Adhesive forces come
from two sources: contact interfacial forces and non-contact forces
such as Van Der Waals or electrostatic forces. Adhesion is typi-
cally measured by pull-off force between the cantilever tip and
the surface. The challenge in the measurement often lies with the
determination of real area of contact. For sharp tip, the surface
roughness and high contact pressure may cause the tip to ro-
tate and the surface to deform. Ducker [44] introduced the use

m

http://www.ScienceDirect.com/
http://www.elsevier.com/locate/jcis
mailto:mwbai@lzb.ac.cn
http://dx.doi.org/10.1016/j.jcis.2009.01.039


Y. Mo, M. Bai / Journal of Colloid and Interface Science 333 (2009) 304–309 305

m

Table 1
List of the biological originals examined in this study.

Species Locality Habitat

Rice leaf Hanzhong city, Shanxi province Paddy field, hydrophily
Dung beetle Lanzhou city, Gansu province Insect

of colloidal probe tips by attaching a sphere to the cantilever to
measure adhesion. The spherical shape of the tip provides con-
trolled contact pressure, symmetry, and mostly elastic contacts. To
LAO nanotexture adhesion measurement, the spherical probe tip
can fully contact with texture surface, while sharp tip can only
point contact. However, the measurement of the contact surface
roughness of a colloidal probe poses additional challenges, since
the total surface area are very small. Therefore, we adopted the re-
verse AFM imaging method developed by Neto [45] to identify the
contact location and direct imaged by an AFM with a sharp tip to
provide detailed three-dimensional surface topography.

In this paper, we introduce a new method for biomimetic nan-
otexture using current induced LAO. In our approach, the topo-
graphic images of living creature surfaces were first imaged using
scanning electron microscope (SEM). The data of image were then
translated to a script program for the well-defined movement of
the tip over a sample. The LAO process is well controlled by sev-
eral major parameters as follows: pulsed bias voltage, pulsewidth
and humidity. The desired dimension of pre-designed nanotexture
can be fabricated by controlling these parameters. The nanostruc-
tures replicated from the biological originals suggest that this tech-
nique can achieve features with resolution as high as nanometer-
sized on Si surface. Furthermore, the adhesive characterization
of the biomimetic nanotextures was investigated by a colloidal
probe.

2. Experimental

Biological originals (rice leaf, dung beetle), the localities of
which and their corresponding habitats are shown in Table 1.

The H-passivated Si (P-type 100) wafers, obtained from Benyuan
Technology Co. Ltd., Beijing, were used as substrate. The wafers
were ultrasonicated in acetone followed by isopropanol for 5 min
each before use. The H-passivated Si substrate is hydrogen pas-
sivated by leaking H2 into an ultrahigh vacuum (UHV) chamber,
where atomic H was created by creaking H2 molecules on a hot
tungsten filament. The process can prevent silicon converting to a
nonuniform native oxide. In order to improve resolution of oxide
nanotextures and investigate their adhesive properties, we focus
on fabrication of biomimetic nanotextures on H-passivated Si sub-
strate by LAO.

The morphologies of these samples of living creature surfaces
and their replicates were observed on a JSM-5600LV scanning elec-
tron microscope (SEM).

Fabrication of biomimetic nanotexture was performed by us-
ing a commercial AFM (CSPM 4000). The LAO was carried out in
contact mode and in the regime of the contact force using sili-
con cantilevers with electrically conductive tips coated by platinum
(Budget sensor). The tip is conic and the radius is below 25 nm.
The AFM software was extended with a program package for the
well-defined movement of the tip over a sample. The facility as-
sociated with control of other tip-sample parameters gave us pos-
sibility to accomplish pre-defined patterns at various pulsed bias
voltage, pulsewidth and write speed in contact mode. For environ-
mental control, relative humidity was controlled by introducing a
mixture of dry and moist nitrogen stream inside the booth, while
the temperature was maintained at 10 ± 1 ◦C. The relative humid-
ity was controlled to range from 15 to 80%. In this nanolithography
process, oxides grow on a chemically reactive substrate by the ap-
plication of a pulse bias voltage between a conductive tip and
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Fig. 1. Schematic drawing of the local anodic-oxidation process induced by a biased
conductive AFM tip.

a sample surface which acts as an anode. The LAO process per-
formed by AFM is illustrated in Fig. 1. The driving force is the
faradaic current flows between the tip and sample surface with
the aid of the water meniscus. When the faradaic current flows
into water bridge, H2O molecules are decomposed into oxyanions
(OH−, O−) and protons (H+). These ions penetrate into the ox-
ide layer due to a high electric field (E > 107 V/m) [46], leading
to the formation and subsequent growth of SiO2 on the Si sur-
face.

For adhesion measurement of the fabricated nanotextures, col-
loidal probe was prepared by gluing glass sphere with a radius
of 40 μm onto individual tipless cantilever. The cantilever used
in our experiments was etched from single-crystal silicon, and
the force constant of the cantilever was calculated using the in-
dividually measured thickness, width and length [47]. The above
dimensions were determined by a scanning electron microscope,
and the normal force constant of the cantilever was determined
to be 0.275 N/m, which is close to the announced force constant
0.30 N/m. A typical colloidal probe is shown in Fig. 2. The col-
loidal probe was cleaned by ethanol and acetone in turn before
use. For all measurements the same cantilever was used in this
comparative study. Furthermore, to avoid influence of molecules
which may transfer to the tip on the AFM/FFM experiments, the
tip was scanned on a cleaved mica surface to remove these phys-
ical adsorbed molecules. The surface topography of the colloidal
probe was scanned with a force constant of 0.12 N/m cantilever
and a silicon nitride sharp tip under contact mode, as shown in
Fig. 3. The relative humidity was controlled at 15% RH. Repeated
measurements were within 5% of the average value for each sam-
ple.

3. Results and discussion

Dung beetle surface and rice leaves show hydrophobic and low
adhesion, which is due to the presence of microbump on surfaces
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Fig. 2. SEM image of the colloidal probe.

Fig. 3. A schematic illustration on topographic measurement of colloidal probe.

of the leaves [48–50]. Fig. 4a shows the SEM image of the surface
of dung beetle. On the surface, the papillae with the average diam-
eter about 40–60 μm are arranged and the distance between the
adjacent papillae is about 60–100 μm in this dimension. Figs. 4b
and 4c present the AFM topographic and corresponding lateral
force images of its miniature replica. On the replica surface, the di-
ameter of the papillae is about 1.5–3 μm and the distance between
the adjacent papillae is about 2–4 μm. The height of original was
examined with a profiler. The cursor profile shown in Fig. 5 re-
veals that the height of the papillae is about 24–27 μm. The 3D
AFM image and the corresponding cursor profile of the miniature
replica are shown in Figs. 6a and 6b, respectively. From the figure,
the papillae with the average height about 1–2 nm are arranged
on the silicon surface.
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Fig. 5. The cursor profile of surface of biological original of dung beetle.

Fig. 7 shows SEM image the surface of rice leaf and AFM image
of its replica. Fig. 7a indicates a one-dimensional ordered structure
on the surface of rice leaf, on which there is papillae. On the orig-
inal surface, the papillae with average diameter about 2–5 μm are
arranged and the distance between the adjacent papillae is about
5–10 μm in this dimension. The height of papillae is about 2–4 μm.
Figs. 7b and 7c show the AFM topographic and corresponding lat-
eral force images of its miniature replica. On the replica surface,
the diameter of the papillae is about 0.4–1.5 μm and the distance
between the adjacent papillae is about 0.5–2 μm. The 3D AFM im-
age and the corresponding cursor profile of the miniature replica
are shown in Figs. 8a and 8b, respectively. From the figure, the
papillae of rice leaf with the average height about 2.5–4 nm are
arranged on the silicon surface.

Fig. 9 shows the oxide height of the biomimetic nanotexture
as a function of relative humidity for various plus bias voltage
and pulsewidth. It is evident that the lower pulse bias voltages
and short pulsewidths result in lower oxide texture. The reason
for that could be due to no enough voltage or time for reaching
the saturation height. In anodic-oxidation process, the anionic and
cationic transports are important factors in determining the kinet-
ics of oxidation. In this figure, the height of Si oxide nanotexture
was proportional to relative humidity for two distinct pulse bias
voltage and pulsewidth. The reason for that could be due to the
differences in the thickness of the water film.

Adhesion is generally measured by the amount of force neces-
sary to separate two surfaces in contact. In nanoscale, mechani-
cal loading is often not the overwhelming force as in macroscale,
and surface forces such as Van Der Waals, electronic, and capil-
lary/meniscus forces become significant in controlling the pull-off
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Fig. 4. The SEM image (a) of the surface of dung beetle and AFM image of its replica. (b) Topographic scan of the replica. (c) Corresponding of frictional force image of (b).
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Fig. 6. The 3D AFM image (a) and corresponding cursor profile (b) of the miniature
replica of dung beetle.

force. Fig. 10 shows the three-dimensional surface topography of a
colloidal probe. The microroughness of the colloidal probe in root-
mean-square (RMS) of the monolayer was estimated to be 0.1 nm
over an area of 1 um × 1 um (512 × 512 resolution). The adhesive
force between the colloidal probe and sample surfaces are shown
in Fig. 11. Strong adhesive force was observed on the untreated H-
passivated silicon surface, on which the adhesive force was about

ww.sp
 Fig. 8. The 3D AFM image (a) and corresponding cursor profile (b) of the miniature
replica.

175 nN. After the biomimetic nanotextures of rice leaf and dung
beetle were generated, the adhesive force was decreased to 87 and
96 nN, respectively. This indicates that the biomimetic nanotexture
exhibited adhesion resistance.

4. Summary and conclusions

In the paper, the application of current induced LAO for the
fabrication of biomimetic nanotextures is presented. In our ap-
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Fig. 7. The SEM image (a) of the surface of rice leaf and AFM image of its replica. (b) Topographic scan of the replica. (c) Corresponding of frictional force image of (b).
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Fig. 9. The height of Si oxide as a function of relative humidity for two distinct
optional parameters (pulse bias voltage and pulsewidth).

Fig. 10. AFM topographic scan of the spherical tip of colloidal probe.

proach, the surfaces of dung beetle and rice leaf were proportion-
ate miniature replicated on H-passivated Si surface. The experi-
mental results show that the AFM current induced LAO can be
a viable tool for fabricating spatially well-defined and controlled
biomimetic nanotexture provided proper operation conditions are
chosen. The lowest value of the height of the biomimetic nanotex-
ture was about 1 nm. The H-passivated Si treated with biomimetic
nanotextures exhibit better adhesive resistance than untreated Si
in nanoscale. It is expected that this approach could be extended
to duplicate other biological and artificial template surface on sil-
icon surface. These surfaces with special nanotextures are great
importance for both fundamental research and practical applica-
tions such as microhydromechanics, wettability, biosensors and
biochips.
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Fig. 11. Adhesive forces between AFM colloidal probe and surfaces of bare H-
passivated Si, rice leaf texture and dung beetle texture.
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