49尾雰12ザチ (1997.12)

生

産

研

究

￨!￨￨￨￨￨￨￨￨￨￨￨￨l l l llllll llllll l llll l!￨￨￨￨￨￨￨￨￨￨￨￨￨￨￨￨￨￨￨￨￨￨￨￨￨￨￨￨￨￨￨￨￨￨￨￨￨￨￨￨￨￨￨￨￨￨￨￨￨￨￨￨￨￨￨￨￨￨￨￨￨￨￨￨￨￨￨￨￨￨￨￨l
l l l llllll
速
究
報
特
研

集
7
究 速 報

Morphological Changesand MechanicalPropertiesof
Thenllally Fabrictted Na血
olmetric Oscillators
加 熱 に よ り作 製 した ナ ノメ ー トル オ ー ダの振 動 子 の 形状 変化 と機械 特性

Daisuke SAYA*,Michel de LABACHELERIE**,Moussa HO■
「
MMADY**and Hideki KAWAKATSU*
・
・
ミッシェル ド ラ バ シェル リ ムサ ウ マ デイ ・川 勝 英 樹
佐 谷 大 輔

the oscillator is expected to be a powerful tool for detecting

Abstract

weak forces, atomic level mass change, and very fast phenomena. There are at least three possible methods of fabrication. One

We are investigating the feasibility of using a three dimen-

is a process found around 1969 by Drechslet Vu Thien Binh et

sional mechanical oscillator for detecting force and mass. The

al.5) The method consists of inducing surface diffusion at the

mechanical oscillator in question consists of a spherical mass

apex of a sharpenedmetal tip. The second method was devel-

supported by a filiform neck. Depending on the fabrication

oped by Schiller et al. in 1995, consisting of sputtering a

process,the mass can be as small as a few l0 nm to a few 100

sharpenedmetal tip with neon. The third method was developed

nm. In this paper, we focus on the morphological changes

by Hoummady et al.. The method utilizes local etching of a

observed during its fabrication by means of surface diffusion

metal tip by means of an electrolyte membrun".u)

induced by heating of a sharpenedmetal tip. Some results on its
mechanical properties will also be reported.

The mechanical property of nanometric oscillators needs to
be measured for evaluating their feasibility and sensitivity. A
sample stage of a scanning electron microscope (SEM) incorpo-

l. lntroduction

rating a scanning tunneling microscope (STM), and a SFM was

Since the invention of the scanning force microscope')

developed to monitor morphological changes and to measure

(SFM), study of condensedmatter and biological sampleshas

mechanical properties of the nanometric oscillator fabricated by

been carried out in the subnanometric region. In these studies,

the surface diffusion method.

silicon microfabricated cantilevers and tips are normally used as

2. lnstrumental

the force sensor. However, the size of commercially available
cantilevers lies still in the 10 to 100 micron order, limiting the

Figure I depicts the SEM sample stage with an STM/SFM

natural frequency and Q factor of the cantilever. Its relatively

and a heating device for oscillator fabrication. A tip holder of

large mass is one limiting factor of the resolution of detection of

the STM/SFM is pressed against three ruby balls glued on the

mass change induced by emission or adsorption of mass on the

end of a tube piezo7)by means of a spring. By applying voltage

scanning tip fixed to the cantilever. Recently, there have been

in the form of a saw tooth to the electrodes of the tube piezo to

works aimed at redesigning the cantilever to achieve higher nat-

induce rapid radial motions, the tip holder can be actuated in the

ural frequencyanflor Q factor.2'3'a)
A nanometric mechanical oscillator has the potential of

two radial directions independently. The configuration was
developed independently by Baro and Kaneko, and is based on

being used for measurement of force and mass, detected as the

what is commonly called inertia drive or friction drive.s-'3)

frequency shift of the oscillator. Due to its very small mass and

Details of the STM/SFM will be discussed in another report of

the possibility of having high natural frequency and Q factor,

this issue.
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3. Experimental
3.1 Morphological changesof the heated tungsten tip
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Schematic of the STM/SFM that mounts on a commercial SEM sample stage.

etched in KOH solution either by DC or AC current. After

(ii) internal loss and the Q factor, (iii) ductility and robustness,
and (iv) electronic properties, such as the current-voltage char-

obtaining a sharp tip with low cone angle in the range of 1 to 3

acteristic across the neck. At the moment, we have only

Tungsten wires with a diameter of 0.2 to 0.25 mm were

degrees, the tip was spot welded to a tungsten filament on the

succeededin tapping the nanometric oscillator with another tip

SEM14) sample stageand heatedin vacuum of around 10-sTorr.

to see if the neck withstands the shock. From experiment, we

Figure 2 shows some examples of the changes observed during

have found that tapping by another tip as well as a slow rotation

one heating procedure. Although the heating process was not

of the SEM sample stage can exert enough disturbance to cause

totally reproducible,what is shown in Figure 2 representa basic

decapitation. The force exerted to the neck can be estimated to

ffend. Quite often, the first necking occurred only a few minutes

be a few orders of magnitude smaller than the maximum

after the start of the heating procedure. The head either dropped

strength of tungsten. The neck may have been a bridge of conta-

off or was reintegrated into the base shank. The formation of the

minant layer, or a grain boundary may have existed at the neck

head and the neck and their reintegration is repeateda few times

confinement. To clarify the reason of the unexpectedfragility of

before the structure becomes a blunt tip of about 500 nm in

the neck, we need to carry out force measurementof the oscilla-

diameter. We do not know at the moment whether the change of

tor during the formation of the nanometric oscillator.

shapehas stopped becausethe structure has found a stable form,
or whether the surface of the tip was oxidized or contaminated
to such an extent that apparent surface diffusion was sup-

4. Gonclusions
A SEM sample stage with a STM/SFM and a heating fila-

pressed.Between Figure 2 (c) and (e), one can seethe'formation

ment for fabrication of the nanometric oscillator by surface

of two heads. The content of the second head from the apex is

diffusion was developed. The three dimensional positionner

sucked into the first head.

functioned well in vacuum and the STM tip could be placed
against the oscillator head. Morphological changes of a heated

3.2 Mechanical property of the nanometric oscillator

tungsten tip was observed in process in the SEM. A slight tap-

We need to know the mechanical property of the nanometric

ping on the nanometric oscillator was enough to break its neck.

oscillator to exploit its potential as a detector. Especially we are

The neck was much fragile than expected. In the future, we

interested in the property of the filiform neck since it governs

need to carry out measurement of the spring constant of the

such factors as: (i) the spring constant and the natural frequency,

neck and current-voltage characteristics during the formation of
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Morphological changes observed when heating a sharpened polycrystalline tungsten tip.

the oscillator to characterizethe neck. In order to exploit the
advantagesof a nanometric mechanical structure as a sensing

foundation of the Institute of Industrial Science,University of
Tokyo.
(Manuscriptreceived,September
26, 1997)

device, there is a great need to improve and develop a measurement bench of nanometric structures.
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