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Abstract

The design and production of advanced array technologies, referred also as “biochips”, have attracted tremendous

interest of the scientific community due to the broad application possibilities of these materials especially in the life

sciences. It is especially useful in detection of multiple targets of biologic origin. Patterning of substrate surfaces is

one of the major steps in the preparation of the arrays. Several techniques for the preparation of array platforms have

been developed. Here, the basic information on nanotechnological approaches using atomic force microscope (AFM),

i.e., dip-pen lithography, conducting AFM lithography, nanoshaving and nanografting, are briefly described.

Key Words: Array platforms, nanotechnology, AFM based techniques.

INTRODUCTION

Thousands of genes and the products they encode
(i.e., proteins) function in a complicated and
orchestrated way that creates the mystery of life of
all organisms. In “genomics”, genes of organisms,
their functions and activities are investigated.
Genomics is naturally linked to “proteomics” the
study of the proteins encoded by the organism’s
genome. Genomics in combination with proteomics
resulted in fascinating biomedical research however
it requested large scale and high throughput
methodologies [1-3].

Array technologies offer a number of advantages for
the screening of a large number of analytes
including speed, convenience and high throughput
analysis. Array platforms consist of patterned
surfaces and probe molecules immobilized onto
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these patterns. There are two main approaches: (i)
surfaces are first patterned and then different probe
molecules are selectively immobilized onto different
locations on the surface (a two step process); and
(ii) different probe molecules are delivered to
different locations on the surface to form a patterned
surface design probe molecules (two steps
together). Nanotechnology is a rather new fashion
attracting a lot of scientific and technological interest
in the recent years. DNA and protein array platforms
with feature sizes smaller than 100 nm have been
fabricated by novel techniques of nanotechnology,
including dip-pen nanolithography, conductive AFM
nanolithography, nanoshaving and nanografting,
which are briefly described here [4,5].

AFM in Lithography

Atomic Force Microscope (AFM) is one of the most
widely used nanoscale imaging techniques [6-11].
AFM has a molecular or atomically fine tip attached
to bottom of a flexible/reflective cantilever. As the tip
scans the surface of the sample, the laser beam is

deflected off the cantilever; therefore its position and
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the extent of deflection of the cantilever can be
monitored. Both, the lateral position of the cantilever
and the distance of the tip to the sample are
controlled by piezoelectric crystal tubes. It is
possible to change the direction and scanning rate
of the tip on the surface. One may also apply a
specific voltage to the substrate surface using
conductive AFM tips.

AFM can be used to deliver molecules loaded on the
tip in the desired patterns. Mirkin et al. in 1999 was
the first to use AFM in lithography. They named it
“dip-pen nanolithography” (DPN) [12]. The concept
of DPN is that the printing of molecules is paralleled
with nanoscale writing. As seen in Figure 1, the AFM
tip, carrying the probe is moved in pre-programmed
defined patterns. The tip will be in contact with the
surface, either allowing the tip to dwell at a certain
location or simply by rastering the tip close to the
surface at a particular speed. As such, different
shapes and sizes (i.e., dots, lines) can be created
(“patterned”) allowing molecules to diffuse onto the
solid surface by means of capillary forces.
Resolution of Dip-pen patterning with AFM is down
to line widths of about 15 nm, in function of, type of
substrate, contact time (between the tip and
substrate), scan speed, relative humidity, and the
relative solubility of the molecules in the water-
meniscus [13].

Conductive AFM Lithography

Scanning probe techniques, including “Conductive
Atomic Force Microscopy (c-AFM)”, to form
nanometer scale patterns of organic molecules on
silicon substrates have attracted much interest for
their potential applications in chemical and biological
sensors and molecular electronic device structures
including DNA and protein arrays [14-16]. In c-AFM,
a voltage is applied to the AFM tip, while AFM is
performing its normal scan. The tip acts as cathode
and the water meniscus formed between tip and
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Figure 1. Schematic description of the dip-pen nanolitho-

graphy.

surface serves as electrolyte. As demonstrated by
Hou et al., the strong electric field near the tip
causes electrochemical reactions in the water
column as water decomposes into hydroxyl ions
(OH) and radicals (He¢) [17]. This results in
breakdown, including field-induced ionization, of the
water molecules yielding electrons, protons and free
(OHe). The OH-
consumed in three ways: (i) they may formed

radicals molecules can be
hydrogen peroxide (H,O,) molecules; (ii) they may
couple with He radicals to produce water, or (iii) they
could be electrochemically reduced to hydroxyl ions

at the tip-surface area (Figure 2) [18,19].
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Figure 2. Schematic description of c-AFM nanolithograpy.
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Figure 3. Schematic description of nanoshaving.
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The organic monolayer composition and topography
can be altered by using c-AFM. There are several
factors affecting the physical (topology) and
chemical changes on the nanopatterned areas with
the use of c-AFM nanolithography such as, applied
voltage, tip velocity, humidity, tip conductivity and tip

diameter [18,19].

Nanoshaving and Nanografting

The
lithography

recently developed AFM-based nano

“nanoshaving” and “nanografting”,
allowed the fabrication of nanoscale surface
structures of alkane thiols, proteins, and DNA
[14,20,21]. In nanoshaving, in a first step, self-
assembled monolayers (SAMs) are formed. Usually
long chain alkane thiols having w-terminal
functionality (or not) are used on substrate surfaces
(usually coated with a gold layer) (Figure 3). Then,
the desired nanopatterns are formed by nano-
shaving by making trenches on the SAM using the
AFM

immobilized on to different trenches and likewise,

tip. Different probes (“bio-ligand”) are

nanoarrays are formed.

Nanostructures (nanoparticles, nanowires,
nanotubes, etc.) may be first functionalized for
immobilization of probes on their surfaces. These
functionalized nanostructures may then be grafted
onto pre-patterned surfaces (e.g., nanoshaved).
This is referred as nano-grafting (Figure 4). Note
that, by this approach the surface area of substrate
therefore resolution

can be extended, and

(sensitivity) can be increased significantly.
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