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ABSTRACT

One major drawback identified in aomic force microscopy imaging is the dependence of the image's precision on
the shape of the probe tip. In this paper a simple algorithm is propased to provide artifact identification signding
in-situ tip features in atomic force microscopy images. The base of the identifications lied when the angle formed
between two scanred points was kept the same as the tip sweegps a certain lengh of the sample. The potential of the
described method was ill ustrated on a chitosan poysaccharide film. The images produced were compared to
ewvaluate tip-artifact regions. This algorithm showed promise as a tod in the measurement and characterization

fieldsto separate true images fromartificial images in probe microscopy.
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INTRODUCTION

The instrumentation for nano-scale imaging has
shown a great advancement with the advent of the
scanning probe microscopy. In particular the
atomic force microscopy (AFM), developed in the
mid-198Gs, has been increasingly drawing
attention as an entirely new approach in the study
of the surface topography of biological specimens
(Siperko and Landis, 1993 Saho e al., 1996
Kasas et al., 1997). This microscopy has the ability
to perform quantitative in situ real-time imaging of
surface in a variety of environments as air, liquid
or vacuum (Weisenhorn, et al. 1989 Drake 4 al.,
1989. The instrument flexibility accounts for its
use in many biology and biochemistry field, by
probing the structures and systems, including
biomolealles, biomembranes, protein films and
crystals, and living cells at spatial resolution.
(Erlandsson e al, 1992; Herrmann, et al., 1997,
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Hansma, et al., 1997; Asds, et a. 1998). Despite
of the apparent simplicity of imaging from the
probe microscopes, the resultant topographies are
subject of some artifacts that should be detected
and interpreted for rdiable conclusions. In
particular for biological assssment, artifacts
generated should be clearly identified for avoiding
misinterpretation. In this work an algorithm was
developed which enabled the detection o tip
artifact and here presented in a biological film as
illustration.

AFM BASICS

The AFM imaging is obtained by monitoring the
position o a small spring-like probe maintained
very close to the surface, mapping the sample's
point to point. This is caled “the local probe
method” (Odin, et al., 1994, since it is supposed
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to probethelocal properties of the surface (Fig. 1).
The probe, called “tip”, is placed on the extremity
of a flexible light refledive cantilever that is
baween 100 and 200 micrometers in length,
where the interaction between the tip and the
surface contributes to the cantilever deflection.
Several interatomic forces act between the apex of
the tip and atoms in a sample as the tip is sanned
over the surface (Weisenhon, 1989 Herrmann, et
al., 1997. A laser beam is projeded on the
cantilever, where the dislocation due to the tip
defledion o bend, deflects the light, which is
monitored by a phatoeledric detector. The floating
signal allows a computer to generate a map of
surface topography. Through a feedbadk system, a
fine-motion piezoeledric scanner is used to carry
precision motion o the sample that is needed to
generate the topographical image. Fig. 2 ill ustrates
the basic AFM system.

By using an appropriated software control, the
forces between the probe and surface can be
controlled, which in turn controls motions of the
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probe tip. Basically, two eectronic feedback loops
can be inputted: A posdble mode of operation is
the ‘contact-mode’, where the tip almost touches
the sample, in this case the repulsive forces
dominate the tip-sample interaction. In contact
mode the dragging motion of the tip exerts a
lateral force on the surface that can push around
any adsorbed particles that are encountered,
preventing imaging o particles in their natural
arrangement on the surface.

Ancther posshility is enabling the tip to maintain
either a constant force or constant height above the
sample, where the piezoeledric transducer
monitors real time height deviation, producing an
image contrast. This mode of operation generally
reduces noise in images, but it requires the tip to
be scanned at higher spedds.

None of the operation modes, however, are free to
avoid interaction between tip and sample, such as
crashing during scanning, water adsorption on the
tip or contamination by the sample, what
invariable introduce artifacts during imaging.
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Figure 1 - lllustration of atip scanning a sample surface.
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Figure 2 - Schematic diagram of an AFM set up apparatus basic components.
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TIP-ARTIFACT IN AFM IMAGING

The main artifact generated by AFM is the ‘tip-
image effect. Protrusions and tiny hdes in the
surface that are sharper than the profiling tip, can
produce fake images that are more a prdfile of the
tip than o the sample. Fig. 3 shows a single line
that is illustrating the generated image of two
typical irregularities. In the parts of the surface
where the tip touches the sample's wall, the ‘tip-
image eff ect obvioudly will predominate. Parts of
resultant image are the consequence of the
‘diding’ of the tip over the surface. In biological

samples, anather common tip effed concerns the
reative dimension o the scanned sample
compared to the tip. These are frequent in bacteria
and DNA like specimens. Fig. 4 illustrates this
condtion. In these, the tip interacts laterally with
the specimen ‘jumping’ it. The actual specimen
height h is replaced by an unreal profile with
height H. That is better understood in a real case
example, i.e,, a DNA image AFM generated and
through an analyzed crossed line (Fig. 5),
presenting an artificial topography (Bernardes-
Filho, 1999.
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Figure 3 - Resultant image atifact due to tip dmension. Note that in the features
of the surfacethe image refled thetip angles.
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Figure 4 - Schematic proportion between tiny biological samples as G-wire
DNA (silhouette) and AFM tip. Dimensional model after Vesenka

et a., 1996
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Figure 5 - A DNA scanned by AFM and a crosssection resultant (analyzed
line) with an artificial topography (Bernardes-Filho et ., 1997).

THE PROPOSED ALGORITHM FOR DIRECT
ARTIFACT IDENTIFICATION

The origina microscopic system has resident
software that works as intermediate to the
scanning process and image generation. The
specific file in this oftware to generate image
consisted in a called “header” part, which is the
prliminary information lines. In the sequence
routing, a data matrix is st which describes
features such as linear dimension and height of
each scanned point. The algorithm extracts the
scanned information and transfers the data into a
new matrix where the image resolution is finaly
defined. In that matrix, a function peforms a
comparison between two images: a ‘real’ and a
‘ran’ where the tip geometry information is
previously inputted. For example, if the resolution
is 300 by 300 bites (“carrier return'), the
generated image will present 300° dots (Tesini et
al., 1998. Such turns easy the manipulation o the
figure features, allowing clear identification o
artifacts in each repeated array of the resultant
image.

PRACTICAL EXAMPLE

AFM TopoMetrix Discover TMX 2010 system,
with a pyramidal commercial available SisNiy tip,
with 4 um high X 4 pum base dimensions was used.
The biological sample was a ditosan film

immobilized onto a cleaved mica support.
Chitosan is a polysaccharide derived from chitin
formed by repeating units of beta (1-4) 2-amino-2-
deoxy-D- glucose (or D-glucosamine) and its
structure is dmilar to cdlulose (except the
hydroxy groups in position 2 replaced by
acetylamino groups). Chitosan is an antibacterial
and antifungal polymer and has been recently
pointed as a natural fatter trapper and a cholesterol
controller (Deuchi et al., 1994 Kanauchi & al,
1995. Films of chitosan have been proposed as
artificial skin (Nettles, 2001 and smart bandages
for controlled drug release (Howling, et al., 2002).
The films of chitosan, from Fluka, were obtained
by direct immersing of the mica surfaces in the
rich solution (10°M, pH=3), for three minutes and
rinsed in pure water. Details of film preparation
can be found elsewhere (Assis & al., 2002). The
image was generated in air, in contact mode, using
“The Khoros” (Image Analyzer Software) in
UNIX platform.

SOLUTION OF AREA CALCULATION
PROBLEM AND ARTIFACT CAPTURE

The calculation o the scanned area is lved by
vedorial analysis. If wetake 3 points in space, the
relative position between them is feasible to be
put as in Fig. 6. Where P = (P1,P,,P;) and W =
(W1, W2, W5).
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Figure 6 - (a) Spatia definition of vedors P and W. (b) Paralldogram formed
by P X W, which is composed of 2 similar triangles (9.

It is known that:
|Px W|=A = Parallelogram area.

Such area can be estimated twofold (Arfken et a.l,
2000; as:

PXW |=|P]|.|W].sen(a)

where a is the angle between the two vectors, or
by scalar product of vectors, then:

A= (Pz W3 'Pa Wz)' i+ (P3 W1 'Pl W3)' J + (Pl Wz 'Pz
W), k

Wherei, j and k are orthonormal vectors.

Both expressions present the area A of Fig. 6(b).
So, each triangle in the planeis formed by 3 points
and hesthe area:

[PXxW | +2,thatisA + 2, aspresented in Fig. 6
(©.

Hence, it is posdble to set a calculus routine
identifying areas in the scanned image where
artifacts are probable to occur (Tesini e al., 1998).
The base of the identifications is when the angle
formed between two scanned points is kept the
same as the tip sweegs a certain length o the
sample. The amount of identified with the same

angle is than marked in the generated image, as
putinFig. 7.

Thefollowing image, the chitosan film, (Fig. 8a) is
the recorded topographic image generated with no
algorithm application. In Fig. 8(b) it is the same
image horizontally scanned where the dots
indicates positions on the image where the tip-
inclination angles are the same, theréby a
candidate for tip-artifacts. The same procedure is
dore for ande identification over vertical or
through a combination of both direction scanning.
The resultant combination of images alows the
artifacts identification by plotting black regions in
the scan direction, i.e, indicates regions of
interactions between the edge of the pyramidal tip
and the organic film surface.

In ather words, the marked regions in Fig. 8 could
be considered as an unreal representation o the
local surface, since the punctual inclinations on
surface were similar to the angle of pyramid
formed by the cantilever tip. Such artifact outcome
from contact between the sample surfaces with the
lateral edges of the tip, with actual inclination
varied fromtip to tip modd.

In function o its pyramidal shape, the algorithm
was programmed to perform two scans, one in
vertical directions followed by one horizontal
reading (Figs. 8b and 8c). The sum of both (Fig.
8d) was the identified as potential fake images,
requiring a closer consideration.
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Figure 8 - A Chitosan thin-film image generated by atomic force microscopy.
(a) With no algorithm applied in the image apture. (b) Similar
angle identification (black dots) over a horizontal scans. (c) Angle
identification over vertical scan and (d) in bath diredions.
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Such information was quite relevant in
microscopic analysis, espedally in biological
samples observation. Most of thin biological films
or small species underwent distortions or change
surface topography after chemical interaction,
such as metal complexation o enzymatic or
mechanical actions. An accuratdy evaluation o
such modification was ordinarily hard to be
deteded. The developed algorithm could be
feasible be used to a previously reference of
surface actual topography reducing the events of
uncertainties.

CONCLUSIONS

Images acquired by atomic force microscopy may
not always produce topography that accuratdy
reflects the sample because of interaction between
tip and scanned sample. A simple algorithm is
proposed that can identify potentials artifact
regions. We have presented an example
application in a polysaccharide film that could
illustrate the dfediveness of the proposed
methodology.
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RESUMO

Um aspecto limitante a plena interpretagdo de
imagens geradas por microscopia de forga admica
€ a interacdo entre a superfie varrida e ponta de
varredura do sistema geando artefatos de
imagens. Para a identificacdo desses artefatos,
propomos neste texto, um algoritmo simples capaz
de asdnalar esse tipo de irregularidade de imagem.
A medida tem por principio a identificagdo de
angulos smilares formados entre dois pontos
sobre a espécie varrida. O potencial de aplicagéo
do méodo proposto é aqui ilustrado sobre um
filme de polissacarideo quitosana. As imagens
geradas s30 conparads entre si, indcando regides
de artefatos tipicos gerados pela ponta de
varredura. Este algoritmo apresenta-se como uma
ferramenta Gtil a cientistas e usuérios, permitindo a
separacdo de aspedos reais e artificiais, que sdo
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fundamentais para uma melhor cearacterizagdo e
medida.
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