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Based on the AFM anodic oxidation process, submicron
patterning of protein molecules on Si was realized. Protocols
for both negative and positive patterning were established.

Various methods of protein patterning on Si has been
reported in relation to realization of bioelectronic devices [1].

In recent years, there is also an emerging interest in so-
called ”protein chips”. For miniaturization and integration of
such devices, patterning of protein molecules at a high
spatial resolution is required.

In this study, protein patterning based on the AFM (atomic
force microscope) anodic oxidation process [2] was developed.
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By applying a dc voltage
between the substrate and
the conductive AFM tip,
t h e s u r f a c e o f t h e
subs t ra t e i s l o ca l l y
o x i d i z e d b y a n o d i c
oxidation mediated by the
adsorbed water. The block diagram of the AFM anodic

oxidation system.

The width and height of the oxide structures drawn at a constant tip velocity of 2.3
m/s with different voltages on various surfaces; (a) Si surface with a thin (ca. 0.6

nm) oxide layer prepared by the SC-1 process, (b) hydrophobic surface prepared by
treating the SC1 oxide with trimethylchlorosilane (TMCS) and (c) bare Si surface
obtained by removing the SC1 oxide with HF.

� Si

substrate: 8-12 cm, n-type Si(111), 250 m
protein: ferritin ( =12nm), 21 M solution
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Processes for negative and positive patterning of protein
molecules on Si were developed.

AFM images of the surface after immobilization of ferritin molecules, which cover
the Si surface except for the concentric circles of oxide formed by AFM anodic
oxidation.

A process for negative patterning of
ferritin molecules on Si.

Firstly, a simple process for
negative patterning of ferritin
molecules on Si was developed.

In this process, the ferritin
molecules stick to the bare Si
surface, whereas they are
washed away from the oxide
surface.
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Another process for negat ive
patterning of ferritin molecules on Si.

Secondly, a modified process for
nega t i v e pa t t e rn ing was
developed.

In this process, the oxide surface
is treated with -aminopropyl-
triethoxysilane ( -APTES) to
introduce amino groups, to
which the ferritin molecules are
attached.
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AFM image of the surface after
immobilization of ferritin molecules.

The height profile along the line
shown in the AFM image.

To realize positive patterning, it
is necessary to protect the
surface from sticking of protein
molecules and also from
introduction of amino groups
during the following processes.

The entire surface is once
c o v e r e d w i t h o c t a d e c y l -
trichlorosilane (OTS).

After drawing the oxide pattern,
amino groups are introduced
with -APTES, to which ferritin
molecules are attached.
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A process for positive patterning of
protein.

AFM images of the surface after positive patterning of ferritin on Si.


