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DESCRIPTION

MICRO DEVICE

Technical Field
The present invention relates to amicro device used

in electric circuitry.

Background Art

One of well-known conventional techniques is
describedin “Introduction to Microelectromechanical
Microwave Systems” , P122, Artech House Publishers.

The details will be described with reference to
FIGs.land 2. FIG.lis across—-sectional viewof aswitch
havingamembrane strtucture composed of membranes. When
breaking a signal, as shown in FIG.2, static electrocity
is applied to bring a membrane into contact with an
electrode, while being not applied in passing a signal.

However,:nlthéconventionaldevice,sincezaswitch
is short-circuited toattenuate signals, areflected wave
is dgenerated on the short-circuited surface, whereby
exessive power is sent back to an amplifer diposed before
the switch and destroys the amplifer. Further, there
is another problem that since a membrane and electrode
are electrically coupled when not spaced adequately, a
prassage loss occurs when the swich is ON. Furthermore,
when a distance between the membrane and electrode is

large, required electrostatic force becomes too large,
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and an applied volatge becomes too high, resulting in

another problem.

Disclosure of Invention

It is an object of the present invention to provide
a micro device capable of securing higher isolation with
a low voltage.

The object is achieved in a micro device by bringing
into contact withor separating independently aplurality
of resonators for feeding or interrupting electric
signals witﬁ static electricity, thereby obtaining a
distance twice that corresponding to an applied voltage

and securing higher isolation with a low voltage.

Brief Description of Drawings

FIG.1 is a cross—-sectional view of a switch having
a membrane structure composed of membranes;

FIG.2 is another cross-sectional view of the switch
having the membrane structure composed of membranes;

FIG.3 is a diagram illustrating a configuration of
a micro device according to a first embodiment of the
present invention;

FIG.4 is a diagram illustrating operation of the
micro device according to the above embodiment;

FIG.5 is another diagram illustrating operation of
the micro device according to the above embodiment;

FIG.6 is another diagram illustrating operation of
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the micro device according to the above embodiment;

FIG.7 is another diagram illustrating operation of
the micro device according to the above embodiment;

FIG.8 is another diagram illustrating operation of
the micro device according to the above embodiment;

FIG.9 is another diagram i1illustrating operation of
the micro device according to the above embodiment;

FIG.10 is a diagram illustrating an example of
frequency characteristics of the micro device according
to the above embodiment;

FIG.11 is a cross—-sectional view in processes for
manufacturing the micro device according to the above
embodiment;

FIG.12 is another cross—-sectional view in processes
for manufacturing the micro device according to the above
embodiment;

FIG.lBisanothercross—sgctionalviewinprocesses
for manufacturing the micro device according to the above
embodiment;

FIG.14 is another cross—-sectional viewinprocesses
for manufacturing the micro device according to the above
embodiment;

FIG.151is another cross—sectional view inprocesses
for manufacturing the micro device according to the above
embodiment;

FIG.16 is another cross—sectional view inprocesses

for manufacturing the micro device according to the above
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embodiment;

FIG.17 is a diagram illustrating a schematic
configurationof aswitchaccordingtoa secondembodiment
of the present invention;

FIG.18 1s a diagram illustrating an electrode
pattern on a substrate of the switch according to the
above embodiment;

FIG.19 is a diagram illustrating a cross section
of the switch according to the above embodiment;

FIG.20 1s a diagram illustrating a schematic
configuration of a switch according to a third embodiment
of the present invention;

FIG.21 is a diagram illustrating an occurrence of
a fixed end with a cantilever in the switch according
to the above embodiment; and

FIG.22 1s a diagram illustrating operation of the

switch according to the above embodiment.

Best Mode for Carrying Out the Invention

A micro device of the present invention has a
plurality of fine-structure resonators that is brought
into contact with one another by attraction due to static
electricity, a plurality of first electrodes that
generates attraction with the resonators due to static
electricity to separate the resonators, and a first
applying section that applies a voltage to the plurality

of first electrodes, where a signal is passed through
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the resonators when the resonators are in contact with
one another, while the signal passed through the
resonators is interrupted when the resonators are
separated.

According to this c&nfiguration, since each of the
resonators is moved in the direction in which the
resonators are spaced apart from one another, it is
possible to obtain a distance twice that corresponding
to an applied voltage, and to secure higher isolation
with a low voltage.

In the micro device of the present invention, the
resonators have conductive surfaces to be in contact with
one another, and conduct a direct signal when being in
contact with one another.

According to this configuration, the micro device
functions as a switch for conducting direct signals.

In the micro device of the present invention, the
resonators have insulating surfaces to be in contact with
one another, and conduct an alternating signal when being
in contact with one another.

According to this configuration, the micro device
functions as a switch for conducting alternating signals.

In the micro device of the present invention, the
first electrodes are connected to a ground or a power
supply through resistance with characteristic impedance
corresponding to a frequency of the alternating signal

passed through the resonators.
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According to this configuration, it is possible to
prevent reflection of the signal in interrupting the
signal.

The micro device of the present invention further
has a second electrode that generates attraction with
the resonators in directions except a direction in which
attraction between the resonators is generated and a
direction in which attraction between the resonators and
the first electrodes is generated, and a second applying
section that applies a direct signal between the second
electrode and resonators.

According to this configuration, since it is
possible to control the resonators to connect as a switch
or tooscillateas a filer independently, themicro device
has switching operation with filtering function.

The micro device of the present invention further
has a same number of second electrodes as the number of
the resonators, where the second electrodes are disposed
in positions such that the direction Dbetween the
resonators and the first electrodes is perpendicular to
the direction between the resonators and the second
electrodes, and the second applying section applies
alternating signals with different frequencies for each
of the second electrodes.

According to this configuration, it is possible to
broaden a freguency band with which signals are passed

through the filter.
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The micro device of the present invention causes
signals to be passed between the second electrodes and
the resonators.

According to this configuration, it is possible to
separate a signal for each fregquency component.

The micro device of the present invention further
has a sealing section that vacuum-seals the resonators.

According to this configuration, it is possible to
switch between conduction and interruption of signal at
high speed.

Embodiments of the present invention will be
described belowwith reference to accompanying drawings.

(First embodiment)

FIG.3 is a diagram illustrating a configuration of
a micro device according to the first embodiment of the
present invention. The micro device in FIG.3 is
primarily composed of substrate 1, input/output ports
2 and 3, resonators 4 and 5, electrodes 6 to 9, and direct
current sources 14 and 15, and eachof “11” to 14”7 denotes
a control signal. On substrate 1 are integrated
resonators 4 and 5 and electrodes 6 to 9. Substrate 1
is preferably an insulator or semiconductor.

Input/output ports 2 and 3 are terminals for
inputting/outputting a signal to/from a switch.
Input/output port 2 1s electrically connected to
resonator 5. Similarly, input/output port 3 1is

electrically connected to resonator 4. Themicro device
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enables signals to be passed from input/output port 2
to input/output port 3 through resonators 3 and 4.
Further, signals may be passed from input/output port
3 to input/output port 2.

Resonators 4 and5areabletooscillatehorizontally
and vertically to substrate 1. Resonator 4 is primarily
composed of a supporting portion in stationary contact
with substrate 1, a movable portion including a contact
surface making contact with resonator 5 and a contact
surface making contact with electrode 7, and a crossing
portion that couples the supporting portion and movable
portion. For example, resonators 4 and 5 may be
implementedln/formingintozacantilever—beamstructure.
Direct potential is applied to resonators 4 and 5 through
an inductor. Electrodes 6 to 9 are used to apply static
electricity to the resonators.

Electrode 6 is preferably disposed in the direction
in which resonator 5 is spaced apart from resonator 4.
In other words, it is preferable that resonator 5 is
present between resonator 4 and electrode 6, attraction
acting between resonators 4 and 5 is present in the same
axis of the attraction between resonator 5 and electrode
6, and that electrode 6 is disposed in the inverse side.
similarly to electrode 6, electrode 7 is preferably
disposed in the direction in which resonator 4 is spaced
apart from resonator 5.

Electrode 9 is disposed in a position that causes
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resonator 5 to generate the electrostatic force in a
direction different from the direction of both forces
of attractionactingbetweenresonators 4 and 5andbetween
resonator 5 andelectrode 6. For example, suchaposition
is preferable that causes resonator 5 to generate the
electrostatic force in the direction perpendicular to
the direction of both forces of attraction acting between
resonators 4 and 5 and between resonator 5 and electrode
6.

In other words, it is preferable that a surface of
resonator 5 opposite to electrode 9 is in the direction
perpendicular to contact surfaces between resonators 4
and 5 and between resonator 5andelectrode 6. Similarly,
electrode 8 isdisposedinapositionthat causesresonator
4 to generate the electrostatic force in a direction
different from the direction of both forces of attraction
acting between resonators 4 and 5 and between resonator
4 and electrode 7.

Control signal 10 is a signal for use in applying
a voltage to electrode 6. Similarly, control signal 13
is a signal for use in applying a voltage to elecfrode
7. Control signal 11 is a signal for use in applying
an alternating voltage to electrode 9. Similarly,
control signal 12 is a signal for use in applying an
alternating voltage to electrode 8.

DCelectrodel4 appliesadirectvoltage toresonator

5. Similarly, DC electrode 15 applies a direct voltage
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to resonator 4.

A method of operating the switch will be described
below. FIGs.4 to 7 are diagrams illustrating the
operation of the switch of this embodiment. FIG.4 shows
an upper view of the switch being OFF, FIG.5 shows a
cross-sectional view of the switch being OFF, FIG.6 shows
an upper view of the switch being ON, and FIG.7 shows
a cross-sectional view of the switch being ON. Inmaking
the switch OFF, for example, direct voltage Vc is applied
to DC electrodes 14 and 15. When a voltage of -Vc is
applied to electrodes 6 and 7, the electrostatic force
is generated, resonator 4 is attracted towards electrode
7, resonator 5 is attracted towards electrode 6, and thus
electrodes are electrically coupled to respective
resonators. At this point, electrodes 6 and 7 have such
resistance that corresponds1x>characteristicimpedance
when the switch is seen from the input/output terminals.
When resonator 4 is brought into contact with electrode
6, any reflected wave 1s not generated due to the
resistance. Further, since two resonators, 4 and 5, are
moved to separate fromeach other, it ispossible to obtain
adistance twice that corresponding to theappliedvoltage,
and to secure higher isolation.

When making the switch ON next, for example, -Vc
is applied to DC electrode 14, +Vc is applied to DC
electrode 15, +Vc is applied to electrode 6, and -Vc is

applied to electrode 7. Resonators 4 and 5 are attracted
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to each other and electrically coupled.

At this point, when being physically in contact with
each other, resonators 4 and 5 are capacity-coupled with
dielectric films on the contact surface, while being
resistance-coupledwithno dielectric filmon the contact
surface. In the case of capacity coupling, the device
functions as a switch with frequency characteristics.
In the case of resistance coupling, a DC signal is passed
from DC electrode 14 to DC electrode 15 and thus causes
a short circuit, it is required to provide resistance
as a substitute for an inductor or in series with the
inductor.

Each of resonators 4 and 5 only requires in shape
a size enabling their contact and separation by
electrostatic forceinapredeterminedtime. Forexample,
resonators 4 and 5 are each in the shape of a cube with
a length of 500 pm, thickness of 2um and width of 2um,
and disposed such that a gap between resonators 4 and
5 is 0.6um, a gap between resonator 4 and electrode 7
is 0.6um, and a gap between resonator 5 and electrode
6is 0.6um. When a thickness of the insulatingmaterial
is 10 nm, applying 7v enables the resonators to respond
in 5 us or less. Further, a passage loss of SW is made
0.5dB or less.

The function as a filter wili be described below.
FIGs.8 and 9 are diagrams illustrating the operation of

the micro device of the present invention. As
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illustrated in FIG.8, when resonators 4 and 5 are in
contact with each other to make the switch ON and an
alternating electric field with a desired frequency and
amplitude is applied to resonators 4 and 5 respectively
from electrodes 8 and 9, resonator 4 and 5 are driven
and oscillate with a frequency corresponding to the
control signal.

As a result, the capacity between resonator 4 and
electrode 8 varies. The impedance varies with frequency
corresponding to the cycle of the capacity variation,
whereby it is possible to select a signal with the
frequency. Resonator 5 and electrode 9 are the same as
the foregoing in behavior.

At this point, when the alternating electric fields
input to electrodes 8 and 9 are in phase, as shown in
FIG.9, resonators4and5oscillateintwistingdirection.

When the alternating electric fields input to
electrodes 8 and 9 are in opposite phase, since forces
acting between resonator 4 and electrode 8 and between
resonator 5 and electrode 9 are attraction or repulsion,
as shown in FIG.8, resonators 4 and 5 tend to oscillate
in vertical mode. By designing shapes of resonators 4
and 5 and electrodes 8 and 9, and distances between
resonator 4 and electrode 8 and between resonator 5 and
electrode 9 such that a resonance frequency of each mode
becomes a desired value to control modes of vibration,

it is possible to vary the resonance frequency of the



10

15

20

25

WO 03/059805 PCT/JP03/00317

13

filter readily.

In the above description, alternating signals are
applied to electrodes 8 and 9 to cause resonators 4 and
5 to oscillate, whereby with'respect to signals passed
through resonators 4 and 5, generated are signals with
a frequency being passed through and signals with a
frequency being not passed through and thus the device
serves as a filter. However, as a method of causing
resonators 4 and 5 to oscillate, other methods are
applicable.

In other words, it is not always required to apply
an alternating electric field from the outside, and
resonators 4 and 5 may be driven by the electrostatic
force that high-frequency signals input to the resonators
have.

Some configurations are consideredas the filtering
operation in such cases. For example, controls signals
11 and 12 in FIG.1 may be replaced with loads to implement
the filtering. Some figures show schematic
configurations of the embodiment. (For example,) when
acontrol signal isnot input from the outside, resonators
4 and 5 are driven by the electrostatic force that signals
passed through resonators 4 and 5 have.

When the signals passed through resonators 4 and
5 contain signals with a natural frequency obtained when
resonators 4 and 5 are coupled, resonators 4 and 5

oscillate greatly. At this point, for example, when the
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oscillation mode is set at a vertical oscillation mode,
resonators 4 and 5 greatly oscillate vertically to the
substrate, and a gap between resonators 4 and 5 and
electrodes 8 and 9 wvaries, resulting in electrical
coupling.

That is, since resonators 4 and 5 oscillate with
the natural frequency, signals with thenatural frequency
are selectively coupled to electrodes 8 and 9, and are
not conveyed to input/output ports, thus having so-called
notch filter effect. In this state, when electrodes 8
and 9 are connected to terminals and the natural frequency
of resonators 4 and 5 is designed to aAdesired value,
the device can be used as a duplexer.

Further, in inputting signals from the outside,
control signal 11 or control signal 12 is input to
oscillate resonators 4 and 5. The signal with the natural
frequency causes resonators 4 and 5tooscillate strongly,
and is capable of selectively canceling only the signal
with the frequency used in oscillation.

Furthermore, the control signal is not always
required to have the natural frequency, and only required
to have the electrostatic force capable of oscillating
resonators 4 and 5.

For example, when electrodes 8 and 2 are not given
control signals as their inputs and output terminals are
connected, signals input from input terminals oscillate

resonators 4 and 5, and only signals with frequencies
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around the natural frequency are selectively output from
the output terminals.

When a singleresonator isassumed, since the Q-value
of theresonatorishigh, the resonance frequencyis steep,
and it is not possible to selectively fetch signals except
only the signal with the natural frequency. However,
in the micro device of the present invention, since two
same resonators are coupled to oscillate, it is possible
to cause oscillations separately in two modes between
which is the natural frequency of a single resonator.
In other words, two modes occur where two resonators
oscillate in the same direction or in opposite phase,
and the device operates as a filter with a band of A
f.

FIG.10 is a diagram illustrating an example of
frequenéy characteristics of the micro device in this
embodiment. In FIG.10 the spectrum shown by dotted line
indicates the natural frequency of a single resonator.
In FIG.10 the spectrum shown by solid line indicates one
obtained by coupled two resonators. A desired band
varies depending on the applied system in order to apply
the device to a filter, varying the degree of coupling
of resonators varies the band.

Since coupled resonators 4 and 5 are considered to
form a doubly-supported-beam structure, the natural

frequency is indicated with equation (1):
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P
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where, t 1s a thickness of the beam, L is a length of
the beam, E is the Young’ s modulus of amaterial composing
the beam, and p indicates a density. 1In order to obtain
a desired frequency, controlling a shape of a beam is
capable of setting a desired frequency.

Thus, themicro device of this embodiment is capable
of operating as a device with two functions, i.e., as
a switch by using oscillation in horizontal direction
as in the first embodiment and as a filter easily capable
of cancelingor selectingsignalswithadesired frequency
by using oscillation in vertical direction.

Examples of processes of forming the
above-mentioned switchwill be describedbelow. FIGs.1l1
to 16 are cross-sectional views 1in processes for
manufacturing the micro device according to this
embodiment. As illustrated in FIG.1l1l, by subjecting
high-resistancesiliconsubstrate?2l tothermal oxidation,
silicon oxide film 22 with a thickness of about 300 nm
is formedonhigh-resistancesiliconsubstrate2l. Then,
silicon nitride film 23 is deposited with a thickness
of 20 nm using a pressure reducing CDV method. Further,
siliconoxide film24withathickness of 50nmisdeposited

using the pressure reducing CDV method.
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Subsequently, as shown in FIG.12, a sacrifice layer
with a thickness of 2 umcomposed of a photoresist coating
is spin-coated, exposed and developed on silicon oxide
film 24, and baked at 140°C for tenminutes with a hotplate
to form sacrifice layer 25.

Then, as shown in FIG.13, Al 26 1is deposited with
athicknessof2 pmontheentire surfaceof the substrate,
and patterns 27 are formed by photoresist coating such
that the resist is left in a predetermined area.

Next, as shown in FIG.14, the dry etching with Al
is performed. using the patterns composed of the
photoresist coating as masks, thereby forming beams 28,
and then patterns 27 and sacrifice layer 25 composed of
photoresist coating are removed with 0; plasma. The
aforementioned processes form beams 28 with gap 29 with
the surface of the substrate.

Further, as shown in FIG.15, silicon nitride film
30 with a thickness of 50 nm is deposited over the entire
surface by plasma CDV, whereby the silicon nitride film
is formed on silicon oxide film 24 and around beams 28
on the surface of the substrate.

Finally, as shown in FIG.16, etchback is performed
on the silicon nitride film under condition providing a
selective ratio to the silicon oxide film, for example,
with a thickness of 100 nm or more that is more than the
deposit film thickness using the dry etching method with

anisotropy, whereby the etching is performed so that the beam
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has no siliconnitride film on its upper surface with the silicon
nitride film left on its side surface 31.

In addition, while in this embodiment a high-resistance
silicon substrate is used, either an insulator or semiconductor
is applicable. For example, dgeneral silicon substrates,
chemical semiconductors and insulating substrates are
applicable.

Further, while silicon oxide film 22, siliconnitride £ilm
23 and siliconoxide film24 are formed on high-resistance silicon
substrate 21 as insulating films, formation of the insulating
films may be omitted when the resistance of the substrate is
adequately high. Furthermore, a three-layer insulating film,
i.e., silicon oxide film 22, silicon nitride £ilm 23 and silicon
oxide film 24, is formed on the silicon substrate. However, when
the thickness of silicon nitride £ilm 23 is thicker enough than
that of the silicon nitride film deposited on the beam, i.e.,
when the thickness is not removed even after so-called etchback
process, the process of forming silicon oxide film 24 can be
omitted.

In addition, while this embodiment uses Al as a material
for forming the beam, it may be possible to use other metal
materials such as Mo, Ti, Au and Cu, semiconductor materials
with high-concentration impurities contained therein such as,
for example, amorphous silicon and conductive polymermaterials.
Further, while sputtering is used as a film formation method,
other methods such as CVD and plating may be used.

(Second embodiment)
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The second embodiment of the present invention will be
described with reference to FIGs.1l7 to 19. FIG.17 is a diagram
illustrating a schematic configuration of a micro device of the
second embodiment of the present invention. A signal input from
input/output terminal 33 is electrically coupled to flatbed
resonator 36 through signal line 35, flatbed resonator 36 is
further electrically coupled to signal line 34, and thereby the
signal is output from input/output terminal 32. Thus coupled
signal is selectively coupled to a signal with the frequency
withwhich flatbed resonator 36oscillates, and thereby the device
serves as a filter.

The specific contentswill bedescribedbelow. Aplurality
of electrodes 50 is provided on a substrate side of flatbed
resonator 36, a plurality of electrodes 30 is provided on the
substrate, and it is possible to apply a voltage independently
to each electrode with a control signal generated from control
signal generating mechanism 49, thereby enabling arbitrary
electrostatic force to be generated between flatbed resonator
36 and substrate 30. Therefore, it is possible to apply the
electrostatic force to flatbed resonator 36 in the arbitrary
direction by arbitrary force. By varying the frequency,
amplitude and position of thus applied control signal, it is
possible to control the oscillation frequency and oscillation
mode of the flatbed resonator.

For example, electrode 38 is assumed to be comprised of
fan-shaped electrodes 51 to 54. When direct voltage -Vc is

uniformly applied to all the flatbed resonator electrodes 50
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and the control signal indicated by -Vc x Sin(fbt) is applied
to all the electrodes (51 to 54) on the substrate, the flatbed
resonator is forced to oscillate with a frequency corresponding
to frequency fb of the control signal. Further, when a control
signal is applied topart of theelectrodes in impulse, the flatbed
resonator i1s driven and oscillates with the natural frequency.
The natural frequency is indicated with equation (2), where m
and k respectively indicate mass and spring constant:

1 [k,

fc = —
27\ m cee(2)

With direct voltage -V1 uniformly applied to electrodes
50 of the flatbed resonator and with direct voltage +V2 applied
toelectrodes 51 and 53 onthe substrate, acontrol signal indicated
by-V1xSin(fct) isappliedtoelectrodes 52 and 54 on the substrate
to oscillate the flatbed resonator. At this point, as shown in
FIG.19, flatbed resonator 36 bends due to the electrostatic force
applied fromelectrodes 51 and 53, and thereby the spring constant
of the flatbed resonator varies. Therefore, according to
equation (1), it is possible to vary the natural frequency of
the flatbed resonatof. Since it is thus possible to arbitrarily
control the frequency and mode with which the flatbed resonator
oscillates, it is possible to vary the center frequency of passage
band of the filter.

(Third embodiment)

The third embodiment of the present invention will be

described with reference to FIGs.20 to 22. FIG.20 illustrates
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a schematic configuration of the third embodiment of the present
invention, which is similar to the second embodiment except
cantilever 61 provided on flatbed resonator 66. Cantilever 61
has three-axis control mechanism (not shown) movable in the
horizontal direction and vertical direction to come into contact
with flatbed resonator 66 in arbitrary position. In the second
embodiment, in order to control the mode and resonance frequency
with which the flatbed resonator oscillates, the electrostatic
force is applied fromthe outside to control the mode and frequency
todesiredones. Inthis embodiment, cantilever 66 isphysically
brought into contact with the resonator and thereby a fixed end
is provided in the resonator arbitrarily, thereby controlling
the oscillation mode and resonance frequency of the flatbed
resonator. FIGs.21l and 22 illustrate an example. As shown in
FIG.21, when the cantilever is not in contact, flatbed resonator
71 oscillates with the basic mode (with the resonance frequency
of £0). On the contrary, as shown in FIG.22, when the resonator
is forcibly fixed by cantilever 61, the flatbed resonator is
divided into some resonators and oscillates with a plurality
of frequencies (resonance frequencies £0, £l and f2).
Further, an input signal input from signal line 65 may
be directly input to resonator 66 as shown in FIG.22. In this
case, since the oscillation frequency varies with the position
in which the signal line is fetched, it is possible to fetch

signals with a plurality of frequencies.

As can be apparent from the foregoing, according to the
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micro device of the present invention, by bringing into contact
with or separating independently a plurality of resonators for
feedingorinterruptingelectricsignalswithstaticelectricity,
it is possible to obtain a distance twice that corresponding
to the applied voltage and to secure higher isolation with a
low voltage.

Further, according to the micro device of the present
invention, since it i1s possible to arbitrarily wvary the
oscillation mode and frequency with which the resonator
oscillates, it is possible to arbitrarily set the power and
frequency of a signal passed through the device.

This application is based on the Japanese Patent
Applications No.2002-006908 filed on January 16, 2002,
and NO.2002-364322 filed on December 16, 2002, and entire
contents of which are expressly incorporated by reference

herein.

Industrial Applicability
The present invention is suitable for use in micro

devices used in electric circuitry
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CLATIMS
1. A micro device comprising:

a plurality of fine-structure resonators that is
brought into contact with one another by attraction due
to static electricity:

a plurality of first electrodes that dJenerates
attraction with the resonators due to static electricity
to separate the resonators; and

a first applying section that applies a voltage to
the plurality of first electrodes,

wherein a signal is passed through the resonators
when the resonators are in contact with one another, while
the signal passed through the resonators is interrupted
when the resonators are separated.

2. The micro device according to claim 1, wherein the
resonators have conductive surfaces to be in contact with
one another, and conduct a direct signal when being in
contact with one another.

3. The micro device according to claim 1, wherein the
resonators have insulating surfaces to be in contact with
one another, and conduct an alternating signal when being
in contact with one another.

4, The micro device according to claim 1, wherein when
each of the resonators and respective one of the first
electrodes are brought into contact, the device has
impedance, correspondingtoa frequencyof an input signal,

between an input terminal of the each of the resonators



10

15

20

25

WO 03/059805 PCT/JP03/00317

24

and an input terminal of the respective one of the first
electrodes.
5. The micro device according to claim 1, further
comprising:

a second electrode that generates attraction with
respective one of the resonators in directions except
a direction in which attraction between the resonators
is generated and a direction in which attraction between
each of the resonators and respective one of the first
electrodes is generated,

wherein the device varies capacity with driving
frequency between the second electrode and the
respective one of the resonators, and the device has
frequency selectivity.

6. The micro device according to claim 5, further
comprising:

a load that is connected to the second electrode,

wherein the device provides signals between the
second electrode and the respectiveone of the resonators.
7. The micro device according to claim 5, further
comprising:

a second applying section that applies a DC signal
between the second electrode and the respective one of
the resonators,

wherein the second applying section varies capacity
between the second electrode and the respective one of

the resonators.
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8. The micro device according to claim 1, further
comprising:

a same number of second electrodes as the number
of the resonators, each of the second electrodes
generating attraction with respective one of the
resonators in directions except a direction in which
attraction between the resonators is generated and a
direction in which attraction between each of the
resonators and respective one of the first electrodes
is generated; and

a second applying section that applies a DC signal
between each of the second electrodes and the respective
one of the resonators,

wherein the second electrodes are disposed in
positions such that the direction between the resonators
and the first electrodes isperpendicular tothedirection
between the resonators and the second electrodes, and
the second applying section applies alternating signals
with different frequencies for each of the second
electrodes.

9. The micro device according to claim 1, further
comprising:

a sealing section that vacuum-seals the resonators.
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