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Atomic force microscope (AFM) is used for mapping the topography of the sample surface.
Recently it has also been used for biological applications such as scanning the sample surface after
cutting of biomolecules and fluid injection into the cell. With a single cantilever AFM probe, it is hard
to obtain a high resolution image using a tip used for the application due to the contamination and the
damage of the tip. There has been a research on cutting of biomolecules and high resolution imaging
using dual AFM probe stacked with magnetostrictive film actuators for cantilever switching.

This research focuses on the fabrication of the switchable dual AFM probe capable of in-situ high
resolution imaging and liquid sample delivery.

Two different approaches were investigated to fabricate embedded microchannel in Si cantilever,
probe tips consisting of inclined Si (111) plane and the nozzle. One is microchannel fabrication using
deep trench prior to the tip forming and the other is microchannel fabrication using shallow trench
after the tip forming. Fabricating a microchannel at the bottom of a deep trench was found to be
difficult due to the damage at the trench shoulder and the side wall of the trench during microchannel
fabrication. Also the etching rate at the bottom of the trench was extremely slow. Fabricating a
microchannel after forming a probe tip requires a tip protection during channel fabrication. Only the
probe tips were covered and protected with a resist pattern. The microchannel was successfully
fabricated by protecting the Si surface with the combination of thermal oxidation and sputter
deposition of SiO: film. The nozzle was fabricated at the probe tip of the delivering cantilever for
precise deposition of the liquid sample. The trench opening of the microchannel was completely
sealed while the opening of the nozzle hole was preserved from sealing. The connection of the nozzle
and the microchannel under the Si surface was confirmed and the microchannel fabrication process
was established.

Capillary force alone is insufficient to deliver a liquid sample through the microchannel and it is
necessary to apply the external pressure. In order to obtain a flow rate of 0.5 fL/s, it was found that
several tens of kPa is necessary to deliver a liquid sample through a microchannel with a diameter of 2
um. Large actuation force is necessary to deflect 5 um thick delivering cantilever having embedded
microchannel with a diameter of 2 pm. A prototype of a large deflecting switchable dual AFM
cantilever was fabricated. An external magnetic flux was applied using an electromagnet in
atmospheric environment to evaluate the deflection characteristics. The prototype was mounted on the
AFM equipment and resonated with piezo to evaluate the resonance characteristics. The imaging
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cantilever and the delivering cantilever deflected about 1 and 2 um, respectively, when the static
magnetic field was applied to the longitudinal direction of each cantilever. It was confirmed that the
delivering cantilever does not resonate when the imaging cantilever resonates at its resonant frequency
in atmospheric environment. Also as a result of force curve méasurement, the vibration amplitude of
the delivering cantilever was 300-500 nm, which indicates that the sample surface can be scanned with
the imaging cantilever without a interference from the delivering cantilever. Due to the difference of
the structure between the delivering cantilever and the imaging cantilever, the difference in initial
deflection was observed and was found to be several tens of pm.

The switchable hollow dual AFM probe was fabricated based on the above results. In order
to increase the cross sectional area of the microchannel, multiple channels were piaced so tha
t they could be connected laterally. Tensile .stress film was deposited on the delivering cantile
ver to minimize the difference of initial deflection between two cantilevers. A pressure pumpi
ng system was constructed which can deliver liquid sample while adjusting the pressure and

can be applied to a general-purpose AFM equipment.
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