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Polyelectrolyte multilayer films formed by alternating stacks of
oppositely charged polyelectrolyte monolayers in a layer-by-layer
manner' ~* have been attractively researched for the applications
of integrated optics, plastic electronics, organic light-emitting
diodes, sensors, and optical memory devices owing to their
advantages of well-defined thickness, composition, and surface
properties.>® The electrostatic interaction between the opposite
charges of the adjacent polyelectrolyte layers was believed to be
the main driving force for the multilayer formation.”

Meanwhile, scanning probe microscopy (SPM) is a powerful tool
for analyzing surface in nanoscale and atomic scale.® '' It is
possible to move atoms on the surface of films and measure the
surface potential by SPM techniques including atomic force
microscopy (AFM) and Kelvin probe force microscopy (KFM). In
addition, the force involved in interactions between atoms can be
used to modify surface morphology like lithography.>'' These
capabilities can be used for many applications like nanolithography
and data storage.'®'? Thus, surface topography and potential
measurement techniques by SPM enable the writing and reading
of charges on the surface of insulators as a charge lithography
method in nanoscale.'? Here, we suggest a promising way to pattern
polyelectrolyte multilayer films using the SPM lithography tech-
nique for various nanodevice applications.

In this study, we demonstrate that patterned nanodots can be
obtained from alternatively self-assembled polyelectrolytes which
consist of poly(acrylic acid) (PAA) and poly(allylamine hydro-
chloride) (PAH) by using AFM (Seiko SPA400).'* The patterned
nanodots exhibited a well-quantized increase in thickness depending
on the number of PAA and PAH layers with the varying surface
potential following the type of the top layer polyelectrolyte.

A schematic drawing of writing a nanodot with self-assembled
polyelectrolyte multilayers by AFM is depicted in Figure 1. At first,
we form a 100 nm thick SiO, film as a substrate for surface charge
patterns. The SiO, film is prepared by thermal oxidation of a Si
substrate for 2 h at 1000 °C.'* After that, we charge an electron
charge nanobit with 50 nm in diameter on the SiO, film by a bias
voltage of 10 V between the Si substrate and the gold coated SizN,
AFM cantilever. On the electron nanobit we exactly attach a PAH
monolayer, preserving the shape of the electron nanobit. This PAH
monolayer forms a nanodot in a uniform thickness as high as a
PAH monolayer thickness with a positive surface potential resulting
from the positive charge (NH;") in PAH. Following that, we attach
a PAA monolayer on the PAH monolayer nanodot by using the
electrostatic interaction between the PAA and PAH monolayers.
The attached PAA monolayer increases the nanodot thickness as
high as the uniform thickness of a PAA monolayer with a negative
surface potential resulting from the negative charge (COO™) in
PAA. Finally, we can attach an additional PAH monolayer on the
preformed PAA/PAH nanodot, in which the thickness of the
nanodot also increases as high as the thickness of a PAH monolayer
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Figure 1. Schematic of writing a nanodot with self-assembled polyelec-
trolyte multilayers on the confined area of insulating SiO, by charging with
AFM.
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Figure 2. The AFM and KFM images of the electron charge nanobit and
the PAH monolayer, PAA/PAH multilayer, and PAH/PAA/PAH multilayer
nanodots. The scale bar in each panel corresponds to 50 nm.

with a positive surface potential. Consequently, we can form a
nanodot which has desirable morphology and thicknesses with
alternating PAA and PAH monolayers and control surface charge
types in nanoscale.

In this experiment, the acidity of PAA and PAH solutions was
set to pH 6, which gave a well-known monolayer thickness of about
0.5 nm."” During the experimental steps, we simultaneously
measured AFM topographies and KFM potentials (Figure 2) in
nitrogen atmosphere.'' There was no topographical change in the
electron charge nanobit compared to the bare surface of the SiO,
film as shown in the AFM image, while the electron charge nanobit
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Figure 3. AFM and KFM profiles of an electron charge nanobit and
multilayer nanodots: (a) KFM potential of the electron charge nanobit; (b)
KFM surface potentials of the PAH, PAA/PAH, and PAH/PAA/PAH
nanodots; (c) AFM topographies of the PAH, PAA/PAH, and PAH/PAA/
PAH nanodots.

with a diameter of about 50 nm was clearly observed in the KFM
image. However, we observed the topographical changes in the
multilayer nanodots (e.g., the PAH monolayer, PAA/PAH multi-
layer, and PAH/PAA/PAH multilayer nanodots) with the same
diameter as the electron charge nanobit in the AFM images. This
means that the PAA or PAH monolayers are well attached along
the shape and size of the charge nanobit on the SiO, surface as
well as the PAA and PAH multilayer nanodots. In addition, there
is possible existence of counterions (Na*, HY, OH™, and CI™ ions)
on the surface of polyelectrolytes. However, we did not observe a
significant change in surface potentials influenced by these coun-
terions. Consequently, the KFM images in Figure 2 well reflect

the polarities of the three nanodots depending on the polyelectrolyte
type of the top layer.

To check the variations of the topography and the surface
potential for the four states, we present line profiles which pass
over the center of the nanobit and nanodots for the AFM and KFM
images. The electron charge nanobit exhibits the surface potential
of about —200 mV without any topographical change (Figure 3a).
The PAH monolayer, PAA/PAH multilayer, and PAH/PAA/PAH
multilayer nanodots show the bipolarity of the surface potential
depending on the type of the top layer (Figure 3b). This means
that the surface potentials are easily reversible to positive or negative
states by choosing the type of the top polyelectrolyte layer. It is
notable that these polyelectrolyte multilayer nanodots, which were
formed just on the charged area, exhibit the controllable thicknesses
that proportionally increase to the total number of monolayers with
a uniform thickness of about 0.5 nm as shown in Figure 3c.
Generally, polyelectrolyte multilayers have an interdigitated nature.”
In particular, we obtained a nearly discrete increase in thickness
for three polyelectrolyte multilayer nanodots, which is probably
due to the immediate observation of AFM and KFM images after
forming each nanodot.

In summary, the patternable formation of self-assembled poly-
electrolyte multilayer nanodots was studied using AFM and KFM.
The nanodots were grown in a layer-by-layer manner exactly on
the charged area. Their thicknesses proportionally increased to the
total number of monolayers with a uniform thickness of about 0.5
nm. We suggest that the SPM lithography technique is a promising
way to pattern polyelectrolyte multilayer nanodots in which size is
controllable with accuracy in nanoscale.
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