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1 Introduction

MEMS (Micro HectroMechanica System)
based on smiconductor microfabrication plays im-
portant roles for example in the periphery of IT
sysems. NEMS (Nano HectroMechanica Sys
tem) contains nano-scale structures. Sophigticated
and high performance systems based on the MEM S
and the NEMS have been developed. Packaging
and electrica interconnection play an important role
in redizing practicaly applicable systems'*!.

2 Hectrostaticdly levitated rotation-
al gyrosoope

Blectrostaticaly levitated rotationa gyroscopes
have been developed by Tokimec Inc. and Tohoku
University!?!. The levitation is actively controlled
by force balancing in al directions based on a ca
pacitive digplacement sendng and an electrostatic
actuationt® . This principle has been applied to an
dectrodtatically levitated spherica 3axis ac
celerometer developed in Ball Semiconductor Inc.
collaborating with Tokimec Inc. and Tohoku U-
niv. 1. The structure of the eectrostaticaly levi-
tated rotational gyrosoope is shown in Fig. 1. A
4mm diameter dlicon ring rotor is eectrostaticaly
levitated and rotated at 12000rpm!®!. This has
been used asa two - axis rotationa gyro - scope for
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Fig.1 Hectrogaticaly levitated rotational gyroscope.
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navigation control system and additionally used as a
three axis accelerometer. The rotation is based on
the principle of the variable cagpacitance motor. The
ring rotor is electrogtatically balanced by the x,y
oontrol electrodes and z,0 ,@ oontrol eectrode
shown in Fig. 1. A 3 m radid gap between the
ring rotor and the x ,y electrodes are formed usng
deep RIE (Reactive lon Etching) and the rotor is
held between two glasses which have z© ¢ ocontrol
electrodes. The function as a high performance gy-
rosoope and an accelerometer

demonstrated , as shown in Fg. 2.
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Fg.2 Measurement of angular rate acceleration usng

the dectrosticdly levitated rotationa gyroscope
of ring rotor type.

3 Multiprobe Data Storage

Multiprobe data storage has been devel-
oped'®. The structures of the multiprobe data
storage system and the probe are shown in Fg. 3.
High densty dectrica feedthrough is made in a

Ni electroplating ¢

Fg.3 Sructuresof the multiprobe data storage system
and probe.

Heater

Fig.4 Fabrication process and a photograph of the nano-
heater.

Pyrex glass usng deep RIE and eectroplating of
nickel. It is used to make an electrica connection
between each probe and the backsde 1C chip!™).
The control circuit and MEM S devices can be fab-
ricated separately and connected by flip chip bond-
ing. A nanoprobe which has a heater with 30 nm
metal junction wasfabricated at the gpex of a SO,
tip shown in Fig. 4!®!. Not only high gatia res-
lution but d= quick regponse can be achieved ow-
ing to the extremely small tip-dze. Therma pro -
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Fig.5 32 x 32 probe array and conductance image of the
recorded bitson thin GeSbTe(ZI mx 21 m).

cessng for writing and €electrical resstance mea
surement for reading is adopted for the multiprobe
data storage. Thistherma nanoprobe could be suc-
cesfully used for recording data to the GeSbTe
phase change media which is used for DVD RAM.
The 32 x 32 probe array and the conductance image
of the recorded pattern are shown in Fg.5. Con-
ductance modification of gpproximatey ten timesis
caused by the phase change. Owing to the small
(30nm) tip-sze, the hit density can be Thit/inch?
order which is about 100 times higher than the
conventional data storage. The recording could be
made on the ferroelectric recording media as PZT
as well usng the nanoprobe!®!. To prevent wear of
the contacting probes, a nanoprobe was fabricated
using a doped diamond!™®’. A XY stage for the
recording media has been developed (Fig. 6) [*!.
Two multiplayer piezoelectric actuators were fabri-

cated on a PZT plate asfollows. Grooves are made
ina PZT (lead zirconium titanate) plate by dicing
and thenfilled with a metal , us ng electroplating of
nicke. The meta electrodes are connected alter-
nately!*?!,
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Fig.6 XY-sage fabricated from PZT plate.

4 Multi-Beam Hectron Sources

An electron field emitter array has been deve -

Fig.7 Hectron fidd emitter array having CNT at the
apex.
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loped for multi-beam eectron urce. Carbon nano
tubes (CNT) are grown at the gpex of each slicon
tip as shown in Fig. 71*¥!. The fabrication process
isshownin Fig.8. After forming dlicon tips4 nm
Fefilm was depodted for catayst and CN Ts were
grown usng hot-filament CVD. High eectric fied
by applying negative substrate bias was necessary
for enhancing the growth of CN Ts at the apex!*!.
The emisson current versus voltage is shown in
Fig.9. A smdl threshold voltage for field emisson
was achieved and the CN T emitter has aong life,
in principle.
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Fg.8 Fabrication process of dectron fidd emitter ar-
ray.
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Fig.9 Hectron fidd emisson characterigtics of a snge
dectron emitter.

A novel field emisson device with an integrat-

ed dectrostatic lens array for eectron extraction
and focusing has been developed!™!. The structure
and photographs are shown in Fig. 10. A result of
focusng smulation showed 40nm beam ot Sze.
Fidd emisson device provides a noncontact multi
probe data storage, and a high throughput multi-
electron beam lithography system as shown in Fg.
11.
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Fig. 10 Sructure and photogragphsof the lensintegrated
dectron fidd emitter.
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Fig.11 Concept of multi-eectron beam lithography.
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5 Measurement of hydrogen storage
capacity of carbon nanotube usng res
onant frequency change of thin dlicon
cantilever

A thin dlicon cantilever resonator can have
high Q (250,000) by heating in ultra high vacu
um!®!. Using the thin slicon resonator with high
Q, the hydrogen storage capacity of the carbon
nanotube was measured. Hydrogen storage is need-
ed for polymer electrolyte fue cdl systems. The
carbon nanotube bundle was attached to a 170nm
thick dlicon cantilever (Fig.12) and the frequency
changes of the cantilever after loading the carbon
nanotube and hydrogen adsorption were measured
as shown in Fig. 13!*®!. Hydrogen storage capacity
againg the carbon nanotube weight was calculated
from the experimenta frequency change and it was
6 wt %.

S0 KV x250K 1.20pm

Fig. 12  Carbon nanotube bundle was attached on a
170nm thick dlicon cantlever.
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Fig.13 Frequency change of a thin dlicon cantlever on
which carbon nanotube bundle is attached.

6 Conclusons

Micro-nano structures and eectromechanica
systems have been studied, based on bulk micro-
machining. High dendty electrical feedthrough in
glass playsimportant rolesin array M EM S as multi
probe data storage. The high densty dectrica
feedthrough in glass can separate IC chip from ar-
ray MEMS devices and thergfore dmplify the
M EM Sfabrication. Nanometric structures could be
used for high dendty data storage and electron field
Sophigicated MEMS uses dectrostatic
levitation. Application of functiond materiads as
CNT (carbon nano tube) to the MEMS NEMS
was studied.

emitter.
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