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Description

BACKGROUND OF THE INVENTION

1. Field of the Invention:

[0001] The present invention relates to micro oscillat-
ing devices such as micromirror devices, acceleration
sensors, angular-speed sensors and vibration devices
which have tiny moving parts or oscillating parts. The
present invention also relates to micro oscillating device
arrays.

2. Description of the Related Art:

[0002] In recent years, efforts are being made in many
technical fields for making practical application of devices
which have a micro-structure formed by micromachining
technology. Such devices include micromirror devices,
acceleration sensors, angular-speed sensors and other
micro oscillating devices which have tiny moving parts
or vibrating parts therein. Micromirror devices are used
in the field of optical disc technology and optical commu-
nications technology for example, as a light reflection de-
vice. Acceleration sensors and angular-speed sensors
find their ways in the field of correction of camera shake
in video cameras and cameras incorporated in mobile
telephones, car navigation systems, air bag release tim-
ing control system, attitude control of automobiles and
robots, and so on. These micro oscillating devices gen-
erally include a fixed part, a moving part, and a connect-
ing part which connects the fixed part and the moving
part. These micro oscillating devices are disclosed in JP-
A-2003-19700, JP-A-2004-341364, and JP-A-
2006-72252, for example.
[0003] Micro oscillating devices often uses, as their
driving mechanism, an electrostatic actuator for genera-
tion of a driving force. The driving force is provided by an
electrostatic attraction when a voltage is applied between
a pair of electrodes.
[0004] A problem with the electrostatic actuator is that
when the voltage is applied, an electric field formed by
the electrode pair can leak out of the actuator. It has been
known that the electric field leakage is apt to occur in
comb-teeth type electrostatic actuators for example.
[0005] In a case where two micro oscillating devices
are placed closely to each other, electric field leakage
from one electrostatic actuator can cause an adverse
affect to the drive characteristic of the adjacent micro
oscillating device. For example, in a micromirror device
array which includes a plurality of micromirror devices,
i.e. micro oscillating devices, which are laid in one-di-
mensional or two-dimensional manner, electric field leak-
age from the electrostatic actuator of one micromirror
device can cause an adverse affect to the drive charac-
teristic of other, adjacent micro oscillating device. In order
to eliminate the adverse affect to the drive characteristic
caused by the electric field leakage in micromirror device

arrays (micro oscillating device arrays), the micromirror
devices (the micro oscillating devices) must be spaced
from each other by a sufficiently large pitch. In other
words, electric field leakage is a problem in an effort for
increased device density in the micro oscillating device
arrays.
[0006] A micro oscillating device according to the up-
per clause of claim 1 is known from US 2006/0120425
A1. US 2006/0008201 A1 refers to the technical back-
ground

SUMMARY OF THE INVENTION

[0007] The present invention has been proposed un-
der the above-described circumstances, and it is there-
fore an object of the present invention to provide a micro
oscillating device and a micro oscillating device array
which are suitable to reduce the electric field leakage to
the outside of the device.
[0008] This object is achieved by the features of claim
1.
[0009] The first drive electrode has a first end exten-
sion and a second end extension which are separated
from each other and extend in a direction crossing the
axis. The second drive electrode is within a separation
distance between the first and the second end exten-
sions. The first and the second end extensions are the
outermost parts in the structure of the driving mechanism
which is constituted by the first and the second drive elec-
trodes, in the direction of extension of the axis which is
an axis that is related to the oscillating part.
[0010] The micro oscillating device of the present in-
vention can be driven by applying a voltage between the
first and the second drive electrodes. Specifically, when
operating the present micro oscillating device, a prede-
termined reference potential is applied to the first drive
electrode. The reference potential is a ground potential
for example. Under this state, a predetermined drive po-
tential which is higher than the reference potential is ap-
plied to the second drive electrode to generate an elec-
trostatic attraction between the first and the second drive
electrodes. By using the electrostatic attraction as the
driving force, it is possible to cause the oscillating part to
make an oscillating movement, i.e. to make a pivotal dis-
placement. By controlling the potential difference be-
tween the reference potential and the drive potential, it
is possible to control the electrostatic attraction, and
therefore to control the amount of pivotal displacement
of the oscillating part.
[0011] The first and the second end extensions, which
constitute part of the first drive electrode in the present
micro oscillating device, provide the outermost parts in
the structure of driving mechanism (the first drive elec-
trode and the second drive electrode) in the direction of
extension of the axis that is an axis relevant to the oscil-
lating part. Further, when the device is in operation, the
reference potential (a ground potential for example) is
applied to the first drive electrode including the first and
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the second end extensions. The second drive electrode
is placed within a separation distance between such a
specific structure provided by the first and the second
end extensions. Therefore, as a predetermined drive po-
tential which is higher than the reference potential gen-
erates an electric field from the second drive electrode
during device operation, the electric field is likely to be
absorbed by the first and the second end extensions in
the first drive electrode (In other words, the electric field
generated from the second drive electrode is not likely
to leak out of the driving mechanism beyond the first and
the second end extensions). Therefore, the present micro
oscillating device is suitable for reducing leakage of the
electric field to outside of the device when the device is
in operation. Such a micro oscillating device as described
is suitable for constituting a micro oscillating device array
which has a high device density.
[0012] The micro oscillating device according to the
first aspect of the present invention may further include:
an additional frame; an additional connecting part which
connects the frame and the additional frame, and defines
an additional axis extending in a direction crossing the
axis for the oscillating movement of the frame; and a driv-
ing mechanism for generation of a driving force for the
oscillating movement of the frame. The micro oscillating
device of the present invention may be a dual-axis mov-
able device having the above arrangement.
[0013] Such an arrangement as the invention for the
driving mechanism is suitable for reducing electric field
leakage to the outside of the driving mechanism, i.e. for
reducing electric field leakage to the outside of the device.
In addition, the arrangement reduces so-called pull-in
phenomenon. Therefore, the arrangement is suitable to
achieve a large amount of pivotal displacement of the
oscillating part.
[0014] Preferably, the first drive electrode may include
a plurality of electrode teeth which extend toward the
second drive electrode in parallel to each other at a space
provided in the direction which the axis extends. The first
and the second end extensions provide two endmost
electrode teeth in the first drive electrode. The second
drive electrode may include a plurality of electrode teeth
which extend toward the first drive electrode in parallel
to each other at a space provided in the direction which
the axis extends. Such an arrangement as the above for
the driving mechanism is preferable in reducing electric
field leakage to outside of the driving mechanism, i.e. in
reducing electric field leakage to outside of the device.
[0015] Preferably, the oscillating part may further in-
clude a movable functioning section and a first shielded
electrode part. The first shielded electrode part is be-
tween the movable functioning section and the second
drive electrode. The first shielded electrode part is a part
for absorbing an electric field which tends to leak out of
the driving mechanism or an electric field which has
leaked out of the driving mechanism, and so the first
shielded electrode part is supplied with a ground potential
for example. The present micro oscillating device may

be obtained from a material substrate which has a lam-
inate structure constituted by a first conductive layer, a
second conductive layer and an insulation layer between
the first and the second conductive layers. In this case,
for example, the movable functioning section is a part
which is formed in the first conductive layer whereas the
second drive electrode and the first shielded electrode
part are parts which are formed in the second conductive
layer.
[0016] The second shielded electrode part is a part for
absorbing an electric field which tends to leak out of the
driving mechanism, and so the second shielded elec-
trode part is supplied with a ground potential for example.
Such an arrangement as the above is preferable in re-
ducing electric field leakage to outside of the driving
mechanism, i.e. in reducing electric field leakage to out-
side of the device. The present micro oscillating device
may be obtained from a material substrate which has a
laminate structure constituted by a first conductive layer,
a second conductive layer and an insulation layer be-
tween the first and the second conductive layers. In this
case, for example, the second shielded electrode part is
a part formed in the first conductive layer whereas the
arm is a part formed in the second conductive layer.
[0017] Preferably, the frame may include a frame main
body and a third shielded electrode part. The third shield-
ed electrode part is a part for absorbing an electric field
which has leaked out of the driving mechanism, and so
the third shielded electrode part is supplied with a ground
potential for example. The arrangement that the frame
which defines the outer perimeter of the device has a
third shielded electrode part is preferable in reducing
electric field leakage to outside of the device. The present
micro oscillating device may be obtained from a material
substrate which has a laminate structure constituted by
a first conductive layer, a second conductive layer and
an insulation layer between the first and the second con-
ductive layers. In this case, for example, the first drive
electrode and the third shielded electrode part are formed
in the first conductive layer whereas the second drive
electrode and frame main body are formed in the second
conductive layer.
[0018] Preferably, the first, the second and the third
shielded electrode parts as well as the first drive electrode
may be electrically connected with each other. According
to such an arrangement as the above, the reference po-
tential is supplied not only to the first drive electrode but
also to each of the shielded electrode parts when the
device is in operation.
[0019] Preferably, the frame main body may include
the fourth shielded electrode part. The fourth shielded
electrode part is a part for absorbing an electric field
which has leaked out of the driving mechanism, and so
the fourth shielded electrode part is supplied with a
ground potential for example. The arrangement that the
frame main body which defines the outer perimeter of
the device has a fourth shielded electrode part is prefer-
able in reducing electric field leakage to outside of the
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device.
[0020] Preferably, the first, the second, the third and
the fourth shielded electrode parts as well as the first
drive electrode may be electrically connected with each
other. According to such an arrangement as the above,
the reference potential is supplied not only to the first
drive electrode but also to each of the shielded electrode
parts when the device is in operation.
[0021] A second aspect of the present invention pro-
vides a micro oscillating device array that includes a plu-
rality of the micro oscillating device according to the first
aspect of the present invention. Such a micro oscillating
device array as this is suitable for achieving a high device
density.
[0022] Preferably, the axes in the micro oscillating de-
vices may be parallel to each other. It is preferable that
the reference potential is applicable commonly to the first
drive electrodes of the oscillating parts in the micro os-
cillating devices whereas an electric potential is applica-
ble individually to the second drive electrode in each of
the micro oscillating devices.

BRIEF DESCRIPTION OF THE DRAWINGS

[0023]

Fig. 1 is a plan view of a micro oscillating device
according to a first embodiment of the present inven-
tion.
Fig. 2 is a partially unillustrated plan view of the micro
oscillating device in Fig. 1.
Fig. 3 is a sectional view taken along lines III-III in
Fig. 1.
Fig. 4 is an enlarged sectional view taken along lines
IV-IV in Fig. 1.
Fig. 5 is an enlarged sectional view taken along lines
V-V in Fig. 1.
Fig. 6 is an enlarged sectional view taken along lines
VI-VI in Fig. 1.
Fig. 7 is a sectional view taken along lines III-III in
Fig. 1, showing a state during operation.
Fig. 8 shows a few steps in a method of making the
micro oscillating device in Fig. 1.
Fig. 9 shows steps which follow those in Fig. 8.
Fig. 10 is a plan view of a mask pattern.
Fig. 11 is a plan view of another mask pattern.
Fig. 12 shows a micro oscillating device array ac-
cording to a second embodiment of the present in-
vention.
Fig. 13 is an enlarged partial sectional view taken
along lines XIII-XIII in Fig. 12.
Fig. 14 is a partial plan view of a micro oscillating
device array according to a third embodiment of the
present invention.
Fig. 15 is a plan view of a micro oscillating device
included in the micro oscillating device array in Fig.
14.
Fig. 16 is a partially unillustrated plan view of the

micro oscillating device in Fig. 15.
Fig. 17 is an enlarged sectional view taken along
lines XVII-XVII in Fig. 15.
Fig. 18 is an enlarged sectional view taken along
lines XVIII-XVIII in Fig. 15.
Fig. 19 is an enlarged sectional view taken along
lines XIX-XIX in Fig. 15.
Fig. 20 is an enlarged sectional view taken along
lines XX-XX in Fig. 15.
Fig. 21 is a plan view of a micro oscillating device
according to a fourth embodiment of the present in-
vention.
Fig. 22 is a partially unillustrated plan view of the
micro oscillating device in Fig. 21.
Fig. 23 is a sectional view taken along lines XXIII-
XXIII in Fig. 21.
Fig. 24 is an enlarged sectional view taken along
lines XXIV-XXIV in Fig. 21.
Fig. 25 shows a micro oscillating device array ac-
cording to a fifth embodiment of the present inven-
tion.

DETAILED DESCRIPTION OF THE PREFERRED EM-
BODIMENTS

[0024] Fig. 1 through Fig. 6 show a micro oscillating
device X1 according to a first embodiment of the present
invention. Fig. 1 is a plan view of the micro oscillating
device X1. Fig. 2 is a partially unillustrated plan view of
the micro oscillating device X1. Fig. 3 is a sectional view
taken along lines III-III in Fig. 1. Fig. 4 through Fig. 6 are
enlarged sectional views taken along lines IV-IV, V-V,
and VI-VI in Fig. 1, respectively.
[0025] The micro oscillating device X1 includes an os-
cillating part 10, a frame 21, a pair of connecting parts
22, a drive electrode 23 and a shielded electrode part
24. In the present embodiment, the device X is a micro-
mirror device. The micro oscillating device X1 is manu-
factured by bulk micromachining technology such as
MEMS technology, from a material substrate provided
by an SOI (Silicon On Insulator) wafer. The material sub-
strate has a laminate structure constituted by a first and
a second silicon layers and an insulation layer between
the silicon layers. Each silicon layer has a predetermined
electrical conductivity through doping with impurity. The
above-mentioned parts in the micro oscillating device X1
are primarily formed in the first silicon layer and/or the
second silicon layer. For the sake of illustrative clarity,
hatching is provided in Fig. 1 on those parts which are
formed in the first silicon layer and higher than the insu-
lation layer toward the viewer of the figure. In Fig. 2, the
structure shown is formed in the second silicon layer in
the micro oscillating device X1.
[0026] The oscillating part 10 includes a land 11, a
drive electrode 12, a beam 13 and a shielded electrode
part 14.
[0027] The land 11 is a part formed in the first silicon
layer, and has a surface provided with a mirror surface
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11a which is capable of reflecting light. The land 11 and
the mirror surface 11a constitute a movable functioning
section according to the present invention. A length L1
indicated in Fig. 1 for the land 11 or the movable func-
tioning section is 20 through 300 Pm for example.
[0028] The drive electrode 12 is a part formed in the
first silicon layer, and includes a pair of arms 12A, 12B,
a plurality of electrode teeth 12a, and a plurality of elec-
trode teeth 12b. The arms 12A, 12B are parallel to each
other in a direction indicated by Arrow D shown in Fig.
1, and serve as the first and the second end extensions
according to the present invention. As shown in Fig. 1
and Fig. 4, the electrode teeth 12a extend from the arm
12A toward the arm 12B, in parallel to each other at a
space provided in the direction in which the arm 12A ex-
tends. The electrode teeth 12b extend from the arm 12B
toward the arm 12A, in parallel to each other at a space
provided in the direction in which the arm 12B extends.
The drive electrode 12 is a part where a predetermined
reference potential (a ground potential for example) is
applied when operating the micro oscillating device X1.
The drive electrode 12 as described above serves as the
first drive electrode according to the present invention.
[0029] The beam 13 is a part formed in the first silicon
layer, and connects the land 11 and the drive electrode
12.
[0030] As shown in Fig. 2, the shielded electrode part
14 is a part formed in the second silicon layer, and is
bonded to the drive electrode 12 via an insulating layer
15 as shown in Fig. 5. The shielded electrode part 14
and the drive electrode 12 are electrically connected with
each other by electrically conductive vias 16 which pen-
etrate the insulation layer 15. The shielded electrode part
14 as described serves as the first shielded electrode
part according to the present invention.
[0031] As shown in Fig. 3 and Fig. 6 for example, the
frame 21 has a laminate structure including a first-layer
piece 21a formed in the first silicon layer, a second-layer
piece 21b formed in the second silicon layer and an in-
sulation layer 21c between the first and the second layer-
pieces 21a, 21b. As shown in Fig. 1, the first-layer piece
21a is a shielded electrode part 21a’ which surrounds
the oscillating part 10 partially. The shielded electrode
part 21a’ serves as the third shielded electrode part ac-
cording to the present invention. The second-layer piece
21b is a frame main body which surrounds the oscillating
part 10 entirely, and also is a shielded electrode part 21b’.
The shielded electrode part 21b’ serves as the fourth
shielded electrode part according to the present inven-
tion. As shown in Fig. 6, the first-layer piece 21a and the
second-layer piece 21b are electrically connected with
each other by electrically conductive vias 21d which pen-
etrate the insulation layer 21c.
[0032] As shown in Fig. 1, each of the connecting parts
22 is provided by two torsion bars 22a. Each torsion bar
22a is a part formed in the first silicon layer, connects
with the beam 13 of the oscillating part 10 as well as with
the first-layer piece 21a of the frame 21, thereby con-

necting the oscillating part 10 and the frame 21 together.
The torsion bars 22a provide electrical connection be-
tween the beam 13 and the first-layer piece 21a. The two
torsion bars 22a in each of the connecting part 22 are
spaced from each other by a gap, which gradually in-
creases from the frame 21 toward the oscillating part 10.
As shown in Fig. 3, the torsion bars 22a are thinner than
the oscillating part 10 in a device thickness direction H,
and thinner than the first-layer piece 21a of the frame 21.
The pair of connecting parts 22 as described defines an
axis A1 of oscillating motion of the oscillating part 10, i.e.
of the land 11. The axis A1 is perpendicular to the direc-
tion indicated by Arrow D in Fig. 1, i.e. perpendicular to
the direction in which the arms 12A, 12B of the drive
electrode 12 extend, and preferably, passes through or
near the center of gravity of the oscillating part 10. The
connecting parts 22, each including two torsion bars 22a
whose gap in between increases gradually from the
frame 21 toward the land 11, are suitable for reduced
generation of displacement components which are un-
necessary for the oscillating motion of the land 11.
[0033] As shown clearly in Fig. 2, the drive electrode
23 is a part formed in the second silicon layer, and is
constituted by an arm 23A, a plurality of electrode teeth
23a, and a plurality of electrode teeth 23b. The arm 23A
extends in the direction indicated by Arrow D in Fig. 1.
The electrode teeth 23a extend from the arm 23A toward
the arm 12A of the drive electrode 12 in parallel to each
other at a space provided in the direction in which the
arm 23A extends. The electrode teeth 23b extend from
the arm 23A toward the arm 12B of the drive electrode
12 in parallel to each other at a space provided in the
direction in which the arm 23A extends.
[0034] The shielded electrode part 24 is a part formed
in the first silicon layer, and as shown in Fig. 4 for exam-
ple, bonded to the arm 23A of the drive electrode 23 via
the insulation layer 25. The shielded electrode part 24
and the drive electrode 23 are electrically separated from
each other. As shown in Fig. 1, the shielded electrode
part 24 is continuous to and electrically connected with
the first-layer piece 21a of the frame 21 (shielded elec-
trode part 21a’). The shielded electrode part 24 as de-
scribed serves as the second shielded electrode part ac-
cording to the present invention.
[0035] In the micro oscillating device X1, a pair of drive
electrodes 12, 23, constitutes a driving mechanism, i.e.
an actuator, for generation of a driving force necessary
to move the oscillating part 10. In the driving mechanism,
the arms 12A, 12B (the first and the second end exten-
sions) of the drive electrode 12 extend, at a space from
each other, in a direction perpendicular to the axis A1.
The arms 12A, 12B, i.e. a pair of end extensions, provide
the outermost parts in the structure of the driving mech-
anism constituted by the drive electrodes 12, 23 in the
direction of extension of the axis A1 which is an axis
relevant to the oscillating part 10. As shown in Fig. 1 and
Fig. 4, the drive electrode 23 is provided within a sepa-
ration distance L2 between the arms 12A, 12B described
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as above. The separation distance L2 is 10 through 300
Pm for example.
[0036] When operating the micro oscillating device X1,
a predetermined reference potential is applied to the
drive electrode 12 of the oscillating part 10 as described
earlier. The application of reference potential to the drive
electrode 12 can be achieved via the first-layer piece 21a
of the frame 21, the torsion bars 22a of the connecting
parts 22, and the beam 13 of the oscillating part 10. The
reference potential is a ground potential for example, and
preferably, maintained at a constant level. Then, by ap-
plying a drive potential which is higher than the reference
potential to the drive electrode 23, an electrostatic attrac-
tion is generated between the drive electrodes 12, 23
(between the electrode teeth 12a, 23a, and between the
electrode teeth 12b, 23b). When the electrostatic attrac-
tion between the drive electrodes 12, 23 is equal to or
grater than a predetermined level, the drive electrode 12
is drawn toward the drive electrode 23. As a result, the
oscillating part 10, i.e. the land 11, makes an oscillating
movement about the axis A1, making a pivotal displace-
ment to an angle where the electrostatic attraction is bal-
anced by a total of torsional resistances of the twisted
connecting torsion bars 22a. When balanced, the drive
electrodes 12, 23 come to a state of orientation illustrated
in Fig. 7 for example. The amount of pivotal displacement
in such an oscillating movement can be controlled by
varying the amount of electric potential applied to the
drive electrode 23. When the electrostatic attraction be-
tween the drive electrodes 12, 23 is turned off, each of
the torsion bars 22a returns to its natural state, allowing
the oscillating part 10, i.e. the land 11, to come to a state
of orientation illustrated in Fig. 3 for example. Through
the oscillating drive of the oscillating part 10, i.e. of the
land 11, as described, it is possible to change light re-
flection directions of the light reflected by the mirror sur-
face 11a provided on the land 11.
[0037] The arms 12A, 12B, which constitute part of the
drive electrode 12 in the micro oscillating device X1, pro-
vide the outermost parts in the structure of the driving
mechanism constituted by the drive electrodes 12, 23 in
the direction of extension of the axis A1 which is an axis
relevant to the oscillating part 10. Further, when the de-
vice is in operation, a reference potential (a ground po-
tential for example) is applied to the drive electrode 12
which includes the arms 12A, 12B. The drive electrode
23 is provided within a separation distance L2 between
these arms 12A, 12B as have been described. Hence,
as a predetermined drive potential which is higher than
the reference potential generates an electric field from
the drive electrode 23 during device operation, the elec-
tric field is likely to be absorbed by the arms 12A, 12B of
the drive electrode 12 (In other words, the electric field
generated from the drive electrode 23 is not likely to leak
out of the driving mechanism beyond the arms 12A, 12B).
Therefore, the micro oscillating device X1 is suitable for
reducing the electric field leakage out of the device during
device operation. The micro oscillating device X1 as de-

scribed is preferable in making a micro oscillating device
array which has a high device density. In the micro os-
cillating device array, a plurality of the micro oscillating
devices X1 may be laid in one-dimensional manner or
two-dimensional manner.
[0038] According to the micro oscillating device X1,
the drive electrode 12, the shielded electrode part 14 of
the oscillating part 10, the shielded electrode parts 21a’ ,
21b’ (the first-layer piece 21a and the second-layer piece
21b) of the frame 21 and the shielded electrode part 24
are electrically connected with each other. Therefore,
when the device is in operation, not only is the drive elec-
trode 12 but also the shielded electrode parts 14, 21a’ ,
21b’ , 24 are supplied with the reference potential (a
ground potential for example). Therefore, as a predeter-
mined drive potential which is higher than the reference
potential generates an electric field from the drive elec-
trode 23 to e.g. the land 11 when the device is in opera-
tion, the electric field is likely to be absorbed by the shield-
ed electrode part 14 (In other words, the electric field is
not likely to reach the land 11, for example, beyond the
shielded electrode part 14). Likewise, the electric field
generated from the drive electrode 23 when the device
is in operation is likely to be absorbed by the shielded
electrode part 21a’ (In other words, the electric field is
not likely to leak out of the device beyond the shielded
electrode part 21a’ of the frame 21) . In addition, the elec-
tric field generated from the drive electrode 23 when the
device is in operation is likely to be absorbed by the
shielded electrode part 21b’ (In other words, the electric
field is not likely to leak out of the device beyond the
shielded electrode part 21b’ of the frame 21). Still further,
an electric field generated from the electrode teeth 23a
of the drive electrode 23 toward e.g. the arm 12B of the
drive electrode 12 when the device is in operation, and
an electric field generated from the electrode teeth 23b
of the drive electrode 23 toward e.g. the arm 12A of the
drive electrode 12 when the device is in operation are
likely to be absorbed by the shielded electrode part 24.
These effects of electric field absorption also help reduc-
ing the electric field leakage to outside of the device.
[0039] In addition, according to the micro oscillating
device X1, the electrode teeth 12a, 12b of the drive elec-
trode 12, which is one of the two drive electrodes in the
driving mechanism, extend in parallel to the axis A1,
whereas the electrode teeth 23a, 23b of the drive elec-
trode 23, which is the other of the two drive electrodes,
extend in parallel to the axis A1. Such an arrangement
is preferable in efficient generation of the driving force
necessary for the oscillating movement of the oscillating
part 10 about the axis A1.
[0040] Fig. 8 and Fig. 9 show a method of making the
micro oscillating device X1. The method is an example
of how the micro oscillating device X1 can be manufac-
tured through bulk micromachining technology. Fig. 8
and Fig. 9 show a section in a series, illustrating a for-
mation process of various parts shown in Fig. 9(d), i.e. a
land L, frames F1, F2, connecting parts C1, C2, and a
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set of electrodes E1, E2. The section is a conceptual
composite of fragmentary sections collected from a plu-
rality of sections of a material wafer (a wafer which has
a laminate structure) to which a series of manufacturing
operations are made to form a single micro oscillating
device. The land L represents part of the land 11. The
beam B represents the beam 13, and is shown as a cross-
section of the beam 13. The frames F1, F2 each repre-
senting the frame 21, are shown as cross-sections of the
frame 21. The connecting part C1, representing the con-
necting parts 22, is shown as a section taken in the di-
rection in which the torsion bars 22a extends. The con-
necting part C2, representing the connecting parts 22, is
shown as a cross-section of the torsion bar 22a. The
electrode E1, representing part of the drive electrode 12,
is shown as a cross-section of the electrode teeth 12a,
12b. The electrodes E2, representing part of the drive
electrodes 23, is shown as a cross-section of the elec-
trode teeth 23a, 23b.
[0041] In the manufacture of the micro oscillating de-
vice X1, first, a material substrate 100 as shown in Fig.
8 (a) is prepared. The material substrate 100 is an SOI
wafer which has a laminate structure including silicon
layers 101, 102, and an insulation layer 103 between the
silicon layers 101, 102. Though not illustrated in the fig-
ure, electrically conductive vias 16, 21d are already
formed. The silicon layers 101, 102 are made of an elec-
trically conductive silicon material doped with impurity.
The impurity may be a p-type impurity such as boron, or
an n-type impurity such as phosphorus and antimony.
The insulation layer 103 is made of oxide silicon for ex-
ample. The silicon layer 101 has a thickness of e.g. 10
through 100 Pm, the silicon layer 102 has a thickness of
e.g. 50 through 500 Pm, and the insulation layer 103 has
a thickness of e.g. 0.3 through 3 Pm.
[0042] Next, as shown in Fig. 8(b), a mirror surface
11a is formed on the silicon layer 101. Specifically, when
forming the mirror surface 11a, first, a film of Cr (50 nm)
for example, and then a film of Au (200 nm) for example
are formed by spattering on the silicon layer 101. Next,
these metal films are etched sequentially via a predeter-
mined mask, to pattern the mirror surface 11a. The etch-
ant for Au may be aqueous potassium iodide-iodine so-
lution. The etchant for Cr may be aqueous cerium am-
monium nitrate solution.
[0043] Next, as shown in Fig. 8(c), an oxide film pattern
110 and a resist pattern 111 are formed on the silicon
layer 101, and an oxide film pattern 112 is formed on the
silicon layer 102. The oxide film pattern 110 has a pattern
shown in Fig. 10, for forming the oscillating part 10 (in-
cluding the land L, the beam B, and the electrode E1),
part of the frame 21 (including the frames F1, F2), and
the shielded electrode part 24 which are to be formed on
the silicon layer 101. The resist pattern 111 has a pattern
for forming the connecting parts 22 (including the con-
necting parts C1, C2). The oxide film pattern 112 has a
pattern shown in Fig. 11 for forming part of the frame 21
(including the frames F1, F2), the drive electrode 23 (in-

cluding the electrode E2) and the shielded electrode part
14.
[0044] Next, as shown in Fig. 8(d), etching by DRIE
(Deep Reactive Ion Etching) is performed to the silicon
layer 101 to a predetermined depth, using masks provid-
ed by the oxide film pattern 110 and the resist pattern
111. The predetermined depth is a depth equal to the
thickness of the connecting parts C1, C2, being 5 Pm for
example. In the DRIE step, good anisotropic etching can
be performed if a Bosch process is employed in which
etching by using SF6 gas and side-wall protection by us-
ing C4F8 gas are alternated with each other. The DRIE
in this step and those described later may be performed
by using the Bosch process.
[0045] Next, as shown in Fig. 9(a), the resist pattern
111 is removed. The removal of the resist pattern 111
may be achieved with a remover.
[0046] Next, as shown in Fig. 9(b), using the oxide film
pattern 110 as a mask, etching by DRIE is performed to
the silicon layer 101 until the insulation layer 103 is
reached, to form the connecting parts C1, C2. This etch-
ing process yields the oscillating part 10 (including the
land L, the beam B and the electrode E1), part of the
frame 21 (including the frames F1, F2) (the first-layer
piece 21a), each of the connecting parts 22 (including
the connecting parts C1, C2), and the shielded electrode
part 24.
[0047] Next, as shown in Fig. 9(c), using the oxide film
pattern 112 as a mask, etching by DRIE is performed to
the silicon layer 102 until the insulation layer 103 is
reached. This etching process yields part of the frame
21 (including the frame F1, F2) (the second-layer piece
21b), the drive electrode 23 (including the electrode E2)
and the shielded electrode part 14.
[0048] Next, as shown in Fig. 9(d), exposed portions
of the insulation layer 103 and the oxide film patterns
110, 112 are etched off. The etching may be dry etching
or wet etching. If dry etching is used, examples of usable
etching gas include CF4 and CHF3. If wet etching is used,
the etchant to be used in this process may be buffered
hydrofluoric acid (BHF) which contains hydrofluoric acid
and ammonium fluoride.
[0049] By performing the above-described sequence
of steps, it is possible to form the land L, the frames F1,
F2, the connecting parts C1, C2, and a set of the elec-
trodes E1, E2, and thereby to manufacture a micro os-
cillating device X1.
[0050] Fig. 12 shows a micro oscillating device array
Y1 according to a second embodiment of the present
invention. Fig. 13 is a partial sectional view of the micro
oscillating device array Y1 taken along lines XIII-XIII in
Fig. 12.
[0051] The micro oscillating device array Y1 includes
a plurality (four in the present embodiment) of the micro
oscillating device X1. In the micro oscillating device array
Y1, the micro oscillating devices X1 are laid in line (in
other words, in one-dimensional manner) in the direction
of the axis A1. Therefore, in the micro oscillating device
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array Y1, the mirror surfaces 11a lie in line, in the direction
of the axis A1.
[0052] In the micro oscillating device array Y1, the first-
layer piece 21a of the frame 21 is continuous throughout
all of the micro oscillating devices X1, and therefore, all
of the drive electrodes 12, the shielded electrode parts
14 of the oscillating parts 10, the shielded electrode parts
21a’, 21b’ (the first-layer pieces 21a and the second-layer
pieces 21b) of the frames 21, and the shielded electrode
parts 24 in the micro oscillating devices X1 are electrically
connected with each other.
[0053] When the micro oscillating device array Y1 is
operated, a predetermined reference potential is applied
commonly to the drive electrode 12 of the oscillating part
10 in all of the micro oscillating devices X1, and under
this state, a predetermined potential is applied to the drive
electrode 23 of selected ones of the micro oscillating de-
vices X1. Thus, the oscillating part 10 in each micro os-
cillating device X1, i.e. the land 11 in the selected ones
of the micro oscillating devices X1, are driven individually,
making it possible to change light reflection directions of
the mirror surface 11a formed on the land 11 in each of
the micro oscillating device X1. Each micro oscillating
device X1 is driven as described specifically in relation
with the first embodiment.
[0054] As has been described in relation with the first
embodiment, in each micro oscillating device X1, the
drive electrode 23 is provided within the separation dis-
tance L2, i.e. within a distance between the arms 12A,
12B which constitute the outermost parts in the direction
of extension of the axis A1 in the structure of the driving
mechanism (drive electrodes 12, 23) and are supplied
with the reference potential (a ground potential for exam-
ple). Therefore, as a predetermined drive potential which
is higher than the reference potential causes the drive
electrode 23 to generate an electric field when the device
is in operation, the electric field is likely to be absorbed
by the arms 12A, 12B of this drive electrode 12, and
hence, leakage of the electric field to outside of the device
is reduced. Therefore, according to the micro oscillating
device array Y1, the problem of electric field leakage, i.e.
that electric field leakage from the driving mechanism
(drive electrodes 12, 23) in one of the micro oscillating
devices X1 can cause undue adverse affect to the oper-
ation characteristic of the adjacent micro oscillating de-
vices X1, is reduced. The micro oscillating device array
Y1 as described above is suitable for achieving a small
mounting pitch between a plurality of the micro oscillating
devices X1, and therefore between a plurality of the mirror
surfaces 11a. In other words, the micro oscillating device
array Y1 is suitable in increasing device density of the
micro oscillating device X1, i.e. of the mirror surfaces 11a.
[0055] As has been described in relation with the first
embodiment, in each micro oscillating device X1, not only
the arms 12A, 12B of the drive electrode 12 but also the
shielded electrode parts 14, 21a’, 21b’ , 24 are capable
of absorbing electric field. The effect of electric field ab-
sorption by each of the shielded electrode parts 14, 21a’,

21b’, 24 also helps reducing the problem of electric field
leakage, i.e. that electric field leakage from the driving
mechanism (drive electrodes 12, 23) in one of the micro
oscillating devices X1 can cause undue adverse affect
to the operation characteristic of the adjacent micro os-
cillating devices X1.
[0056] Fig. 14 is a partial plan view of a micro oscillating
device array Y2 according to a third embodiment of the
present invention. The micro oscillating device array Y2
includes a plurality of micro oscillating devices X2. In the
micro oscillating device array Y2, these micro oscillating
devices X2 are laid in line (in other words, in one-dimen-
sional manner).
[0057] Fig. 15 through Fig. 20 show the micro oscillat-
ing device X2 which is included in the micro oscillating
device array Y2. Fig. 15 is a plan view of the micro os-
cillating device X2, and Fig. 16 is a partially unillustrated
plan view of the micro oscillating device X2. Fig. 17
through Fig. 20 are sectional views taken along lines
XVII-XVII, XVIII-XVIII, XIX-XIX, and XX-XX in Fig. 15 re-
spectively.
[0058] The micro oscillating device X2 includes an os-
cillating part 10, a frame 21’, a pair of connecting parts
22, a drive electrode 23, a shielded electrode part 24, a
frame 31, a pair of connecting parts 32A, 32B, drive elec-
trodes 33, 34, and shielded electrode parts 35, 36, 37.
In the present embodiment, the device is a micromirror
device. The micro oscillating device X2 is manufactured
by bulk micromachining technology such as MEMS tech-
nology, from a material substrate provided by an SOI
wafer. The material substrate has a laminate structure
constituted by a first and a second silicon layers and an
insulation layer between the silicon layers. Each silicon
layer has a predetermined electrical conductivity through
doping with impurity. The above-mentioned parts in the
micro oscillating device X2 are primarily formed in the
first silicon layer and/or the second silicon layer. For the
sake of illustrative clarity, hatching is provided in Fig. 15
on those parts which are formed in the first silicon layer
and are higher than the insulation layer toward the viewer
of the figure. In Fig. 16, the structure shown is formed in
the second silicon layer in the micro oscillating device X2.
[0059] The micro oscillating device X2 differs from the
micro oscillating device X1 provided by the first embod-
iment in that the frame 21 is replaced by the frame 21’,
and that the device further includes the frame 31, the
connecting parts 32A, 32B, the drive electrodes 33, 34,
and the shielded electrode parts 35, 36, 37. The oscillat-
ing part 10, the pair of connecting parts 22, the drive
electrode 23 and the shielded electrode part 24 in the
micro oscillating device X2 are essentially the same as
the oscillating part 10, the pair of connecting parts 22,
the drive electrode 23, and the shielded electrode part
24 in the micro oscillating device X1.
[0060] The frame 21’ differs from the frame 21 in that
the first-layer piece 21a has parts 21e, 21f. As shown in
Fig. 15 and Fig. 17, the part 21e is separated in the first-
layer piece 21a, from its surroundings by a gap. The part
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21e is electrically connected with the arm 23A of the drive
electrode 23 via electrically conductive vias 21g which
penetrate the insulation layer 21c. As shown in Fig. 15,
the part 21f is provided at an end of the frame 21, and
has a part extending in a direction indicated by Arrow D
in Fig. 15. Further, as shown in Fig. 20, the part 21f is
electrically connected with the second-layer piece 21b
via electrically conductive vias 21h which penetrate the
insulation layer 21c.
[0061] As shown in Fig. 18, the frame 31 has a laminate
structure including a first-layer piece 31a formed in the
first silicon layer, a second-layer piece 31b formed in the
second silicon layer and an insulation layer 31c between
the first and the second layer-pieces 31a, 31b. As shown
in Fig. 15 and Fig. 18, the first-layer piece 31a includes
a part 31a’ which is separated from its surrounds via a
gap. As shown in Fig. 16 and Fig. 18, the second-layer
piece 31b includes a part 31b’ which is separated from
its surrounds by a gap. The parts 31a’, 31b’ are electri-
cally connected with each other by electrically conductive
vias 31d which penetrate the insulation layer 31c.
[0062] As shown in Fig. 15, the connecting part 32A is
provided by two torsion bars 32a. Each torsion bar 32a
is a part formed in the first silicon layer, and connects
with the part 21e of the first-layer piece 21a in the frame
21’ as well as with the part 31a’ of the first-layer piece
31a in the frame 31, thereby connecting the frames 21’,
32. The torsion bars 32a provide electrical connection
between the parts 21e, 31a’. The two torsion bars 32a
are spaced from each other by a gap, which gradually
increases from the frame 31 toward the frame 21’ Like
the torsion bars 22a of the connecting parts 22 in the first
embodiment, the torsion bars 32a are thin parts.
[0063] As shown in Fig. 15, the connecting part 32B is
provided by two torsion bars 32b. Each torsion bar 32b
is a part formed in the first silicon layer, and connects
with the part 21f of the first-layer piece 21a in the frame
21’ as well as with the first-layer piece 31a in the frame
31, thereby connecting the frames 21’, 31. The torsion
bars 32b provide electrical connection between the part
21f and part of the first-layer piece 31a. The two torsion
bars 32b are spaced from each other by a gap, which
gradually increases from the frame 31 toward the frame
21’. Like the torsion bars 22a of the connecting parts 22
in the first embodiment, the torsion bars 32b are thin
parts.
[0064] The pair of connecting parts 32A, 32B defines
an axis A2 of oscillating motion of the frame 21’. The axis
A2 extends in the direction indicated by Arrow D in Fig.
15. The connecting part 32A which includes two torsion
bars 32a whose gap in between increases gradually from
the frame 31 toward the frame 21’, as well as the con-
necting part 32B which includes two torsion bars 32b
whose gap in between increases gradually toward the
frame 21’ are suitable for reduced generation of displace-
ment components which are unnecessary for the oscil-
lating motion of the frame 21’.
[0065] The drive electrode 33 is a part formed in the

first silicon layer, and is constituted by a plurality of elec-
trode teeth 33a. The electrode teeth 33a extend from the
part 21f in the frame 21’ toward the drive electrode 34 in
parallel to each other at a space provided in the direction
in which the axis A2 extends.
[0066] The drive electrode 34 is a part formed in the
second silicon layer, and is constituted by an arm 34A
and a plurality of electrode teeth 34a. The arm 34A ex-
tends in the direction in which the axis A2 extends. The
electrode teeth 34a extend from the arm 34A toward the
drive electrode 33 in parallel to each other at a space
provided in the direction in which the arm 34A extends.
[0067] As shown clearly in Fig. 16, the shielded elec-
trode part 35 is a part formed in the second silicon layer,
and is continuous to part of the second-layer piece 21b
in the frame 21’. Further, as shown in Fig. 19, the shielded
electrode part 35 is bonded to the part 21f in the frame
21’ via the insulation layer 38.
[0068] As shown clearly in Fig. 15, the shielded elec-
trode part 36 is a part formed in the first silicon layer, and
is continuous to part of the first-layer piece 31a in the
frame 31. Further, as shown in Fig. 19, the shielded elec-
trode part 36 is bonded to the drive electrode 34 via the
insulation layer 39. The shielded electrode 36 and the
drive electrode 34 are electrically separated from each
other.
[0069] As shown clearly in Fig. 16, the shielded elec-
trode part 37 is a part formed in the second silicon layer,
and extends along the drive electrode 34. Further, as
shown in Fig. 19, the shielded electrode part 37 is bonded
to the shielded electrode part 36 via the insulation layer
39, and electrically connected therewith via electrically
conductive via 39a which penetrates the insulation layer
39.
[0070] In the micro oscillating device X2, a pair of drive
electrodes 12, 23, constitutes a driving mechanism, i.e.
an actuator, for generation of a driving force necessary
to move the oscillating part 10. Also, a pair of drive elec-
trodes 33, 34, constitutes a driving mechanism, i.e. an
actuator, for generation of a driving force necessary to
move the frame 21’.
[0071] When operating the micro oscillating device X2,
a predetermined reference potential is applied to the
drive electrode 12 of the oscillating part 10 and the drive
electrode 33. The application of reference potential to
the drive electrode 12 can be achieved via part of the
first-layer piece 31a in the frame 31, the torsion bars 32b
of the connecting part 32B, the part 21f of the first-layer
piece 21a in the frame 21’ , the vias 21h, the second-
layer piece 21b in the frame 21’, the vias 21d (shown in
Fig. 6), part of the first-layer piece 21a in the frame 21’,
the torsion bars 22a of the connecting parts 22, and the
beam 13 of the oscillating part 10. The application of ref-
erence potential to the drive electrode 33 can be achieved
via part of the first-layer piece 31a in the frame 31, the
torsion bars 32b of the connecting part 32B, and the part
21f of the first-layer piece 21a in the frame 21’. The ref-
erence potential is a ground potential for example, and
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preferably, maintained at a constant level.
[0072] With the above arrangement, it is possible in
the micro oscillating device X2 to apply a drive potential
which is higher than the reference potential to each of
the drive electrodes 23, 34 as necessary, to generate an
electrostatic attraction between the drive electrodes 12,
23 to pivot the oscillating part 10 about the axis A1. Like-
wise, it is possible to generate an electrostatic attraction
between the drive electrodes 33, 34, to pivot the frame
21’ and the oscillating part 10 therewith, about the axis
A2. In other words, the micro oscillating device X2 is a
dual-axis oscillating device. The application of drive po-
tential to the drive electrode 23 can be achieved via the
part 31b’ of the second-layer piece 31b in the frame 31’ ,
the via 31d, the part 31a’ of the first-layer piece 31a in
the frame 31, the torsion bars 32a of the connecting part
32A, the part 21e of the first-layer piece 21a in the frame
21’, and the vias 21g. Through such a dual-axis oscillating
movement, it is possible to change light reflection direc-
tions of the light reflected by the mirror surface 11a pro-
vided on the land 11.
[0073] According to the micro oscillating device X2
which has virtually all the arrangements provided in the
micro oscillating device X1 offered by the first embodi-
ment, leakage of the electric field from the drive electrode
23 to outside of the device during device operation is
reduced, just as described earlier in relation with the first
embodiment.
[0074] In addition, according to the micro oscillating
device X2, leakage of the electric field from the drive elec-
trode 34 to the outside of the device during device oper-
ation is also reduced. In the micro oscillating device X2,
the drive electrode 33 and the shielded electrode parts
35, 36, 37 are electrically connected with each other and
thus, not only is the drive electrode 33 but also the shield-
ed electrode parts 35, 36, 37 are supplied with the refer-
ence potential (a ground potential for example) when the
device is in operation. Therefore, as a predetermined
drive potential which is higher than the reference poten-
tial generates an electric field from the drive electrode 34
toward e.g. the drive electrode 33 when the device is in
operation, the electric field is likely to be absorbed by the
shielded electrode part 35 as well as by the drive elec-
trode 33 (In other words, the electric field is not likely to
go beyond the drive electrode 33 and the shielded elec-
trode part 35). Likewise, there is an electric field gener-
ated from the drive electrode 34 toward the side away
from the drive electrode 33 during device operation. This
electric field is likely to be absorbed by the shielded elec-
trode parts 36, 37 (In other words, the electric field is not
likely to leak beyond the shielded electrode parts 36, 37).
These effects of electric field absorption also help reduc-
ing electric field leakage to outside of the device.
[0075] The micro oscillating device array Y2 includes
a plurality of the above-described micro oscillating de-
vices X2. In the micro oscillating device array Y2, all of
these micro oscillating devices X2 are laid in a single
array so that all of their axes A2 (not illustrated in Fig.

14) are parallel to each other.
[0076] In the micro oscillating device array Y2, the first-
layer piece 31a of the frame 31 is continuous throughout
all of the micro oscillating devices X2 except for the parts
31a’. Therefore, all of the drive electrodes 12, the shield-
ed electrode parts 14 of the oscillating parts 10, parts of
the first-layer pieces 21a of the frames 21 (shielded elec-
trode parts 21a’), parts of the second-layer pieces 21b
(shielded electrode parts 21b’), and the shielded elec-
trode parts 24 in the micro oscillating devices X2 are elec-
trically connected with each other.
[0077] When the micro oscillating device array Y2 is
operated, a predetermined reference potential is applied
commonly to the drive electrode 12 of the oscillating part
10 in all of the micro oscillating devices X2, and under
this state, a predetermined potential is applied to the drive
electrodes 23, 34 of selected ones of the micro oscillating
devices X2. Thus, the oscillating part 10 and the frame
21’ in each micro oscillating device X2 are driven individ-
ually, making it possible to change light reflection direc-
tions of the mirror surface 11a formed on the land 11 in
each of the micro oscillating device X2.
[0078] As has been described, in each micro oscillating
device X2, leakage of the electric field generated from
the electrode 23 to outside of the device when the device
is in operation is reduced. Therefore, in the micro oscil-
lating device array Y2, the problem of electric field leak-
age, i.e. that electric field leakage from the driving mech-
anism (the drive electrodes 12, 23) in one of the micro
oscillating devices X2 can cause undue adverse affect
to the operation characteristic of the adjacent micro os-
cillating devices X2, is reduced. In addition, in each micro
device X2, electric field leakage from the electrode 34 to
outside of the device during device operation is reduced.
Therefore, according to the micro oscillating device array
Y2, there is a decrease in the problem that electric field
leakage from the driving mechanism (drive electrodes
33, 34) in one of the micro oscillating devices X2 causes
undue adverse affect to the operation characteristic of
adjacent micro oscillating devices X2. The micro oscil-
lating device array Y2 as described above is suitable for
achieving a small mounting pitch between a plurality of
dual-shaft type micro oscillating devices X2, and there-
fore between a plurality of the mirror surfaces 11a. In
other words, the micro oscillating device array Y2 is suit-
able in increasing device density of the micro oscillating
device X2, i.e. the mirror surface 11a.
[0079] Fig. 21 through Fig. 24 show a micro oscillating
device X3 according to a fourth embodiment of the
present invention. Fig. 21 is a plan view of the micro os-
cillating device X3, and Fig. 22 is a partially unillustrated
plan view of the micro oscillating device X3. Fig. 23 and
Fig. 24 are sectional views taken along lines XXIII-XXIII
and XXIV-XXIV in Fig. 23.
[0080] The micro oscillating device X3 includes an os-
cillating part 10’, a frame 21, a pair of connecting parts
22, and a drive electrode 26. In the present embodiment,
the device is a micromirror device. The micro oscillating
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device X3 is manufactured by bulk micromachining tech-
nology such as MEMS technology, from a material sub-
strate provided by a SOI wafer. The material substrate
has a laminate structure constituted by a first and a sec-
ond silicon layers and an insulation layer between the
silicon layers. Each silicon layer has a predetermined
electrical conductivity through doping with impurity. The
above-mentioned parts in the micro oscillating device X3
are primarily formed in the first silicon layer and/or the
second silicon layer. For the sake of illustrative clarity,
hatching is provided in Fig. 21 on those parts which are
formed in the first silicon layer and are higher than the
insulation layer toward the viewer of the figure. In Fig.
22, the structure shown is formed in the second silicon
layer in the micro oscillating device X3.
[0081] The micro oscillating device X3 differs from the
micro oscillating device X1 provided by the first embod-
iment in that the oscillating part 10 is replaced by the
oscillating part 10’ , the drive electrode 23 is replaced by
the drive electrode 26, and the device does not include
the shielded electrode part 24. The frame 21 and the pair
of connecting parts 22 in the micro oscillating device X3
are essentially the same as the frame 21 and the pair of
connecting parts 22 in the micro oscillating device X1.
[0082] The oscillating part 10’ includes a land 11, a
drive electrode 17, a beam 13, and a shielded electrode
part 14, and differs from the oscillating part 10 of the
micro oscillating device X1 in that the drive electrode 12
is replaced by the drive electrode 17.
[0083] The drive electrode 17 is a part formed in the
first silicon layer, and includes a base 17A and electrode
teeth 17a, 17b, 17c, 17d, 17e, 17f. As shown in Fig. 21,
the electrode teeth 17a through 17f extend from the base
17A toward the drive electrode 26, and as shown in Fig.
21 and Fig. 24, are in parallel to each other at a space
provided in the direction in which the axis A1 extends.
The electrode teeth 17a, 17f are parallel in the direction
indicated by Arrow D as shown in Fig. 21, and serve as
the first and the second end extensions according to the
present invention. The drive electrode 17 is a part where
a predetermined reference potential (a ground potential
for example) is applied when operating the micro oscil-
lating device X3. The drive electrode 17 as described
above serves as the first drive electrode according to the
present invention.
[0084] As shown clearly in Fig. 23, the drive electrode
26 is a part formed in the second silicon layer, and in-
cludes a base 26A and a plurality of electrode teeth 26a.
As shown in Fig. 21, the electrode teeth 26a extend from
the base 26A toward the drive electrode 17, and as shown
in Fig. 22 and Fig. 24 for example, are in parallel to each
other at a space provided in the direction in which the
axis A1 extends.
[0085] In the micro oscillating device X3, a pair of drive
electrodes 17, 26, constitutes a driving mechanism, i.e.
an actuator, for generation of a driving force necessary
to move the oscillating part 10’. In the driving mechanism,
the electrodes 17a, 17f (the first and the second end ex-

tensions) of the drive electrode 17 extend separately from
each other in a direction perpendicular to the axis A1.
The electrode teeth 17a, 17f, i.e. a pair of end extensions,
provide the outermost parts in the structure of the driving
mechanism constituted by the drive electrodes 17, 26, in
the direction of extension of the axis A1 which is an axis
relevant to the oscillating part 10’. As shown in Fig. 21
and Fig. 24, the drive electrode 26 is provided within a
separation distance L3 between the electrode teeth 17a,
17f described above. The separation distance L3 is 10
through 300 Pm for example.
[0086] When operating the micro oscillating device X3,
a predetermined reference potential is applied to the
drive electrode 17 of the oscillating part 10’ as described
earlier. The application of reference potential to the drive
electrode 17 can be achieved via the first-layer piece 21a
of the frame 21, the torsion bars 22a of the connecting
parts 22, and the beam 13 of the oscillating part 10’. The
reference potential is a ground potential for example, and
preferably, maintained at a constant level. Then, by ap-
plying a drive potential which is higher than the reference
potential to the drive electrode 26, an electrostatic attrac-
tion is generated between the drive electrodes 17, 26.
When the electrostatic attraction between the drive elec-
trodes 17, 26 is equal to or grater than a predetermined
level, the drive electrode 17 is drawn toward the drive
electrode 26. Therefore, the oscillating part 10’, i.e. the
land 11 makes an oscillating movement about the axis
A1, making a pivotal displacement to an angle where the
electrostatic attraction is balanced by a total of torsional
resistances of the twisted connecting torsion bars 22a.
The amount of pivotal displacement in such an oscillating
movement can be controlled by varying the amount of
electric potential applied to the drive electrode 26. When
the electrostatic attraction between the drive electrodes
17, 26 is turned off, each of the torsion bars 22a returns
to its natural state. Through the oscillating drive of the
oscillating part 10’, i.e. the land 11, as described, it is
possible to change light reflection directions of the light
reflected by the mirror surface 11a provided on the land
11.
[0087] The electrode teeth 17a, 17f, which constitute
part of the drive electrode 17 in the micro oscillating de-
vice X3, provide the outermost parts in the structure of
the driving mechanism constituted by the drive elec-
trodes 17, 26, in the direction of extension of the axis A1
which is an axis relevant to the oscillating part 10’. Fur-
ther, when the device is in operation, a reference potential
(a ground potential for example) is applied to the drive
electrode 17 including the electrode teeth 17a, 17f. The
drive electrode 26 is provided within the separation dis-
tance L3 between these electrode teeth 17a, 17f as de-
scribed as above. Therefore, as a predetermined drive
potential which is higher than the reference potential gen-
erates an electric field from the drive electrode 26 during
device operation, the electric field is likely to be absorbed
by the electrode teeth 17a, 17f of the drive electrode 17
(In other words, the electric field from the drive electrode
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26 is not likely to leak out of the driving mechanism be-
yond the electrode teeth 17a, 17f). In addition, according
to the micro oscillating device X3, the shielded electrodes
parts 14, 21a’, 21b’ also play a role in the absorption of
electric field, just the same way as described in relation
to the shielded electrode parts 14 , 21a’, 21b’ in the first
embodiment. Therefore, the micro oscillating device X3
is suitable for reducing the electric field leakage out of
the device during device operation.
[0088] Fig. 26 shows a micro oscillating device array
Y3 according to a fifth embodiment. The micro oscillating
device array Y3 includes a plurality of micro oscillating
devices X3. In the micro oscillating device array Y3, these
micro oscillating devices X3 are laid in line (in other
words, in one-dimensional manner) along the axis A1.
Therefore, in the micro oscillating device array Y3, the
mirror surfaces 11a lie in line, in the direction of the axis
A1.
[0089] In the micro oscillating device array Y3, the first-
layer piece 21a of the frame 21 is continuous throughout
all of the micro oscillating devices X3. Therefore, all of
the drive electrodes 17, the shielded electrode parts 14
of the oscillating parts 10’, the shielded electrode parts
21a’, 21b’ (the first-layer pieces 21a and the second-layer
pieces 21b) in the frames 21 in the micro oscillating de-
vices X3 are electrically connected with each other.
[0090] When the micro oscillating device array Y3 is
operated, a predetermined reference potential is applied
commonly to the drive electrode 17 of the oscillating part
10’ in all of the micro oscillating devices X3, and under
this state, a predetermined potential is applied to the drive
electrode 26 in selected ones of the micro oscillating de-
vices X3. With this arrangement, it is possible to operate
the oscillating part 10’, i.e. the land 11, in each micro
oscillating device X3 individually, and to change light re-
flection directions of the mirror surface 11a formed on
the land 11 in each of the micro oscillating devices X3.
Each micro oscillating device X3 is driven as described
specifically in relation with the fourth embodiment.
[0091] As described earlier in relation with the fourth
embodiment, in each micro oscillating device X3, the
electrode teeth 17a, 17f provide the outermost parts in
the direction in which the axis A1 extends, in the structure
of the driving mechanism (drive electrodes 17, 26), and
in addition, the drive electrode 26 is provided within the
separation distance L3 between the electrode teeth 17a,
17f which are supplied with a reference potential (a
ground potential for example) when the device is in op-
eration. Therefore, as a predetermined drive potential
which is higher than the reference potential generates
an electric field from the drive electrode 26 during device
operation, the electric field is likely to be absorbed by the
electrode teeth 17a, 17f of the drive electrode 17, which
means that electric field leakage to outside of the device
is reduced. Therefore, according to the micro oscillating
device array Y3, the problem of leaked electric field, i.e.
that electric field leakage from the driving mechanism
(drive electrodes 17, 26) in one of the micro oscillating

devices X3 can cause undue adverse affect to the oper-
ation characteristic of the adjacent micro oscillating de-
vices X3, is reduced. The micro oscillating device array
Y3 as described above is suitable for achieving a small
mounting pitch between a plurality of the micro oscillating
devices X3, and therefore between a plurality of the mirror
surfaces 11a. In other words, the micro oscillating device
array Y3 is suitable in increasing device density of the
micro oscillating devices X3, i.e. the mirror surfaces 11a.
[0092] As described earlier in relation with the fourth
embodiment, the shielded electrodes parts 14, 21a’, 21b’
in each micro oscillating device X3 can also play a role
in the absorption of electric field. These effects of electric
field absorption provided by each of the shielded elec-
trodes parts 14, 21a’, 21b’ also help reducing the problem
of electric field leakage that electric field leakage from
the driving mechanism (the drive electrodes 17, 26) in
one of the micro oscillating devices X3 can cause undue
adverse affect to the operation characteristic of the ad-
jacent micro oscillating devices X3.

Claims

1. A micro oscillating device (X1, X2, X3) comprising:

at least one frame (21, 21’);
an oscillating part (10) including a first drive elec-
trode (12, 17) for application of a reference elec-
tric potential;
a connecting part (22) for connecting the frame
(21, 21’) and the oscillating part (10) to each
other, the connecting part (22) defining an axis
(A1) of an oscillating motion of the oscillating
part (10); and
a second drive electrode (23, 26) fixed to the
frame (21, 21’) and cooperating with the first
drive electrode (12, 17) for generation of a driv-
ing force for the oscillating movement;
wherein the first drive electrode (12, 17) includes
a first end extension (12A, 17a) and a second
end extension (12B, 17f) separated from each
other and extending in a direction crossing the
axis (A1),
wherein the second drive electrode (23, 26) is
within a separation distance between the first
and the second end extensions (12A, 12B, 17a,
17f),

characterized in that:

the first drive electrode (12) includes a plurality
of electrode teeth (12a) extending from the first
end extension (12A) toward the second end ex-
tension (12B) in parallel to each other at a space
provided in a direction which the first end exten-
sion (12A) extends, the first drive electrode (12)
further including a plurality of electrode teeth
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(12b) extending from the second end extension
(12B) toward the first end extension (12A) in par-
allel to each other at a space provided in a di-
rection which the second end extension (12B)
extends, wherein the second drive electrode
(23) includes an arm (23A) extending along the
first and the second end extensions (12A, 12B),
a plurality of electrode teeth (23a) extending
from the arm (23A) toward the first end extension
(12A) in parallel to each other at a space pro-
vided in a direction which the arm (23A) extends,
and a plurality of electrode teeth (23b) extending
from the arm (23A) toward the second end ex-
tension (12B) in parallel to each other at a space
provided in the direction which the arm (23A)
extends; and
a second shielded electrode part (24) is bonded
to the arm (23A) via an insulation layer (25).

2. The micro oscillating device (X2) according to claim
1, further comprising an additional frame (31), an
additional connecting part (32A, 32B) and a driving
mechanism (33, 34), wherein the additional connect-
ing part (32A, 32B) connects said one frame (21’)
and the additional frame (31) to each other and de-
fines an additional axis (A2) extending in a direction
crossing the axis (A1) for the oscillating movement
of said one frame (21’), and wherein the driving
mechanism (33, 34) generates a driving force for the
oscillating movement of said one frame (21’).

3. The micro oscillating device (X1, X2, X3) according
to claim 1, wherein the oscillating part (10) further
includes a movable functioning section (11) and a
first shielded electrode part (14), the first shielded
electrode part (14) being between the movable func-
tioning section (11) and the second drive electrode
(23, 26).

4. The micro oscillating device (X1, X2, X3) according
to claim 3, wherein the micro oscillating device (X1,
X2, X3) is obtained by processing a material sub-
strate (100) having a laminate structure that includes
a first conductive layer (101), a second conductive
layer (102) and an insulation layer (103) between
the first and the second conductive layers (101, 102),
wherein the movable functioning section (11) is
formed in the first conductive layer (101), the second
drive electrode (23, 26) and the first shielded elec-
trode part (14) being formed in the second conduc-
tive layer (102).

5. The micro oscillating device (X1, X2, X3) according
to claim 1, wherein the micro oscillating device (X1,
X2, X3) is obtained by processing a material sub-
strate (100) having a laminate structure that includes
a first conductive layer (101), a second conductive
layer (102) and an insulation layer (103) between

the first and the second conductive layers (101, 102),
wherein the second shielded electrode part (24) is
formed in the first conductive layer (101), the arm
(23A) being formed in the second conductive layer
(102).

6. The micro oscillating device (X1, X2, X3) according
to claim 1, wherein the frame (21, 21’) includes a
frame main body (21b) and a third shielded electrode
part (21a).

7. The micro oscillating device (X1, X2, X3) according
to claim 6, wherein the micro oscillating device (X1,
X2, X3) is obtained by processing a material sub-
strate (100) having a laminate structure that includes
a first conductive layer (101), a second conductive
layer (102) and an insulation layer (103) between
the first and the second conductive layers (101, 102),
wherein the first drive electrode (12, 17) and the third
shielded electrode part (21a) are formed in the first
conductive layer (101), the second drive electrode
(23, 26) and the frame main body (21b) being formed
in the second conductive layer (102).

8. The micro oscillating device (X1, X2, X3) according
to claim 7, wherein the first, the second and the third
shielded electrode parts (14, 24, 21a) as well as the
first drive electrode (12, 17) are electrically connect-
ed with each other.

9. The micro oscillating device (X1, X2, X3) according
to claim 7, wherein the frame main body (21b) in-
cludes a fourth shielded electrode part (21b).

10. The micro oscillating device (X1, X2, X3) according
to claim 9, wherein the first, the second, the third and
the fourth shielded electrode parts (14, 24, 21a, 21b)
as well as the first drive electrode (12, 17) are elec-
trically connected with each other.

11. Amicro oscillating device array (Y1, Y2, Y3) compris-
ing a plurality of micro oscillating devices (X1, X2,
X3) set forth in claim 1.

12. The micro oscillating device array (Y1, Y2, Y3) ac-
cording to claim 11, wherein the axes (A1) of the
micro oscillating devices (X1, X2, X3) are parallel to
each other.

13. The micro oscillating device array (Y1, Y2, Y3) ac-
cording to claim 11, wherein the reference potential
is applicable commonly to the first drive electrodes
(12, 17) of the oscillating parts (10) in the respective
micro oscillating devices (X1, X2, X3), whereas an
electric potential is applicable individually to the sec-
ond drive electrode (23, 26) in each of the micro os-
cillating devices (X1, X2, X3).
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Patentansprüche

1. Mikrooszillierende Vorrichtung (X1, X2, X3) mit:

wenigstens einem Rahmen (21, 21’);
einem oszillierenden Teil (10), der eine erste An-
triebselektrode (12, 17) zur Anwendung eines
elektrischen Referenzpotentials enthält;
einem verbindende Teil (22) zum gegenseitigen
Verbinden des Rahmens (21, 21’) und des os-
zillierenden Teils (10), welcher verbindende Teil
(22) eine Achse (A1) einer oszillierenden Bewe-
gung des oszillierenden Teils (10) definiert; und
einer zweiten Antriebselektrode (23, 26), die an
dem Rahmen (21, 21’) befestigt ist und mit der
ersten Antriebeselektrode (12, 17) zur Erzeu-
gung einer Triebkraft für die oszillierende Bewe-
gung kooperiert;
bei der die erste Antriebselektrode (12, 17) eine
erste Endverlängerung (12A, 17a) und eine
zweite Endverlängerung (12B, 17f) enthält, die
voneinander getrennt sind und sich in einer
Richtung erstrecken, die die Achse (A1) kreuzt,
bei der die zweite Antriebselektrode (23, 26) in-
nerhalb einer Trennungsdistanz zwischen den
ersten und zweiten Endverlängerungen (12A,
12B, 17a, 17f) angeordnet ist,

dadurch gekennzeichnet, dass:

die erste Antriebselektrode (12) eine Vielzahl
von Elaktrodenzähnen (12a) enthält, die sich
von der ersten Endverlängerung (12A) hin zu
der zweiten Endverlängerung (12B) parallel zu-
einander in einem Raum erstrekken, der in einer
Richtung vorgesehen ist, in der sich die erste
Endverlängerung (12A) erstreckt, welche erste
Antriebselektrode (12) ferner eine Vielzahl von
Elektrodenzähnen (12b) enthält, die sich von
der zweiten Endverlängerung (12B) hin zu der
ersten Endverlängerung (12A) parallel zueinan-
der in einem Raum erstrecken, der in einer Rich-
tung vorgesehen ist, in der sich die zweite End-
verlängerung (12B) erstreckt, bei der die zweile
Antriebselektrode (23) einen Arm (23A) enthält,
der sich längs der ersten und zweiten Endver-
längerungen (12A, 12B) erstreckt, eine Vielzahl
von Elektrodenzähnen (23a), die sich von dem
Arm (23A) hin zu der ersten Endverlängerung
(12A) parallel zueinander in einem Raum er-
strecken, der in einer Richtung vorgesehen ist,
in der sich der Arm (23A) erstreckt, und eine
Vielzahl von Elektrodenzähnen (23b), die sich
von dem Arm (23A) hin zu der zweiten Endver-
längerung (12B) parallel zueinander in einem
Raum erstrecken, der in der Richtung vorgese-
hen ist, in der sich der Arm (23A) erstreckt; und
ein zweiter geschirmter Elektrodenteil (24) über

eine Isolierschicht (25) auf den Arm (23A) ge-
bondet ist.

2. Mikrooszillierende Vorrichtung (X2) nach Anspruch
1, ferner mit einem zusätzlichen Rahmen (31), einem
zusätzlichen verbindenden Teil (32A, 328) und ei-
nem Antriebsmechanismus (33, 34), bei der der zu-
sätzliche verbindende Teil (32A, 32B) den einen ge-
nannten Rahmen (21’) und den zusätz lichen Rah-
men (31) miteinander verbindet und eine zusätzliche
Achse (A2) definiert, die sich in einer Richtung er-
streckt, die die Achse (A1) für die oszillierende Be-
wegung des einen genannten Rahmens (21’) kreuzt,
und bei der der Antriebsmechanismus (33, 34) eine
Triebkraft für die oszillierende Bewegung des einen
genannten Rahmens (21’) erzeugt.

3. Mikrooszillierende Vorrichtung (X1, X2, X3) nach
Anspruch 1, bei der der oszillierende Teil (10) ferner
eine bewegliche Funktionssektion (11) und einen er-
sten geschirmten Elektrodenteil (14) enthält, wel-
cher erste geschirmte Elektrodenteil (14) zwischen
der beweglichen Funktionssektion (11) und der
zweiten Antriebselektrode (23, 26) angeordnet ist.

4. Mikrooszillierende Vorrichtung (X1, X2, X3) nach
Anspruch 3, bei der die mikrooszillierende Vorrich-
tung (X1, X2, X3) durch Bearbeiten eines Material-
substrates (100) erhalten wird, das eine Laminat-
struktur hat, die eine erste leitfähige Schicht (101),
eine zweite leitfähige Schicht (102) und eine Isolier-
schicht (103) zwischen den ersten und zweiten leit-
fähigen Schichten (101, 102) enthält, bei der die be-
wegliche Gunktionssektion (11) in der ersten leitfä-
higen Schicht (101) gebildet ist, während die zweite
Antriebselektrode (23, 26) und der erste geschirmte
Flektrodenteil (14) in der zweiten leitfähigen Schicht
(102) gebildet sind.

5. Mikrooszillierende Vorrichtung (X1, X2, X3) nach
Anspruch 1, bei der die mikrooszillierende Vorrich-
tung (X1, X2, X3) durch Bearbeiten eines Material-
substrates (100) erhalten wird, das eine Laminat-
struktur hat, die eine erste leitfähige Schicht (101),
eine zweite leitfähige Schicht (102) und eine Isolier-
schicht (103) zwischen den ersten und zweiten leit-
fähigen Schichten (101, 102) enthalt, bei der der
zweite geschirmte Elektrodenteil (24) in der ersten
leitfähigen Schicht (101) gebildet ist, während der
Arm (23A) in der zweiten leitfähigen Schicht (102)
gebildet ist.

6. Mikrooszillierende Vorrichtung (X1, X2, X3) nach
Anspruch 1, bei der der Rahmen (21, 21’) einen Rah-
menhauptkörper (21b) und einen dritten geschirm-
ten Elektrodenteil (21a) enthält.

7. Mikrooszillierende Vorrichtung (X1, X2, X3) nach
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Anspruch 6, bei der die mikrooszillierende Vorrich-
tung (X1, X2, X3) durch Bearbeiten eines Material-
substrates (100) erhalten wird, das eine Laminat-
struktur hat, die eine erste leitfähige Schicht (101),
eine zweite leitfähige Schicht (102) und eine Isolier-
schicht (103) zwischen den ersten und zweiten leit-
fähigen Schichten (101, 102) enthält, bei der die er-
ste Antriebselektrode (12, 17) und der dritte ge-
schirmte Elektrodenteil (21a) in der ersten leitfähi-
gen Schicht (101) gebildet sind, während die zweite
Antriebsclektrode (23, 26) und der Rahmenhaupt-
körper (21b) in der zweiten leitfähigen Schicht (102)
gebildet sind.

8. Mikrooszillierende Vorrichtung (X1, X2, X3) nach
Anspruch 7, bei der die ersten, zweiten und dritten
geschirmten Elektrodenteile (14, 24, 21a) sowie die
erste Antriebselektrode (12, 17) elektrisch miteinan-
der verbunden sind.

9. Mikrooszillierende Vorrichtung (X1, X2, X3) nach
Anspruch 7, bei der der Rahmenhauptkörper (21b)
einen vierten geschirmten Elektrodenteil (21b) ent-
hält.

10. Mikrooszillierende Vorrichtung (X1, X2, X3) nach
Anspruch 9, bei der die ersten, zweiten, dritten und
vierten geschirmten Elektrodenteile (14, 24, 21a,
21b) sowie die erste Antriebselektrode (12, 17) elek-
trisch miteinander verbunden sind.

11. Array (Y1, Y2, Y3) aus mikrooszillierenden Vorrich-
tungen, das eine Vielzahl von in Anspruch 1 darge-
stellten mikrooszillierenden Vorrichtungen (X1, X2,
X3) umfasst.

12. Array (Y1, Y2, Y3) aus mikrooszillierenden Vorrich-
tungen nach Anspruch 11, bei dem die Achsen (A1)
der mikrooszillletenden Vorrichtungen (X1, X2, X3)
parallel zueinander sind.

13. Array (Y1, Y2, Y3) aus mikrooszillierenden Vorrich-
tungen nach Anspruch 11, bei dem das Referenz-
potential auf die ersten Antriebselektroden (12, 17)
der oszillierenden Teile (10) in den jeweiligen mi-
krooszillierenden Vorrichtungen (X1, X2, X3) ge-
meinsam anwendbar- ist, während ein elektrisches
Potential auf die zweite Antriebselektrode (23, 26)
in jeder der mikrooszillierenden Vorrichtungen (X1,
X2, X3) individuell anwendbar ist.

Revendications

1. Dispositif à micro-oscillations (X1, X2, X3)
comprenant :

au moins un châssis (21, 21’);

une partie oscillante (10) incluant une première
électrode d’excitation (12, 17) pour l’application
d’un potentiel électrique de référence;
une partie de connexion (22) pour la connexion
l’un à l’autre du châssis (21, 21’) et de la partie
oscillante (10), la partie de connexion (22) défi-
nissant un axe (A1) d’un mouvement d’oscilla-
tion de la partie oscillante (10);et
une deuxième électrode d’excitation (23, 26)
fixée au châssis (21, 21’) et coopérant avec la
première électrode d’excitation (12, 17) pour la
génération d’une force d’excitation pour le mou-
vement d’oscillation;
la première électrode d’excitation (12, 17) in-
cluant une première extension d’extrémité (12A,
17a) et une deuxième extension d’extrémité
(12B, 17f) séparées l’une de l’autre et s’étendant
dans une direction croisant l’axe (AI),
la deuxième électrode d’excitation (23, 26) étant
située à l’intérieur de la distance de séparation
entre les première et deuxième extensions d’ex-
trémité (12A, 12B, 17a, 17f),

caractérise en ce que :

la première électrode d’excitation (12) com-
prend une pluralité de dents d’électrode (12a)
s’étendant à partir de la première extension
d’extrémité (12A) en direction de la deuxième
extension d’extrémité (12B), en parallèle les
unes aux autres et selon un espacement prévu
dans une direction dans laquelle s’étend la pre-
mière extension d’extrémité (12A), la première
électrode d’excitation (12) comprenant en outre
une pluralité de dents d’électrode (12b) s’éten-
dant à partir de la deuxième extension d’élec-
trode (12B) en direction de la première exten-
sion d’extrémité (12A), en parallèle les unes aux
autres et selon un espacement prévu dans une
direction dans laquelle s’étend la deuxième ex-
tension d’extrémité (12B), la deuxième électro-
de d’excitation (23) comprend un bras (23A)
s’étendant le long des première et deuxième ex-
tensions d’extrémité (12A, 12B), une pluralité de
dents d’électrode (23a) s’étendant à partir du
bras (23A) en direction de la première extension
d’extrémité (12A), en parallèle les unes aux
autres et selon un espacement prévu dans une
direction dans laquelle s’étend le bras (23A), et
une pluralité de dents d’électrodes (23b) s’éten-
dant à partir du bras (23A) en direction de la
deuxième extension d’extrémité (12B), en pa-
rallèle les unes aux autres et selon un espace-
ment prévu dans la direction dans laquelle
s’étend le bras (23A) ; et
une deuxième partie d’électrode blindée (24) est
liée au bras (23A) via une couche isolante (25).
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2. Dispositif à micro-oscillations (X2) selon la revendi-
cation 1, comprenant en outre un châssis additionnel
(31), une partie de connexion additionnelle (32A,
32B) et un mécanisme d’excitation (33, 34), la partie
de connexion additionnelle (32A, 32B) connectant
l’un à l’autre ledit châssis (21’) et ledit châssis addi-
tionnel (31) et définissant un axe additionnel (A2)
s’étendant dans une direction croisant l’axe (A1)
pour le mouvement d’oscillation dudit châssis (21’),
et le mécanisme d’excitation (33, 34) générant une
force d’excitation pour le mouvement d’oscillation
dudit châssis (21’).

3. Dispositif à micro-oscillations (X1, X2, X3) selon la
revendication 1, dans lequel la partie oscillante (10)
comprend en outre une section de fonctionnement
mobile (11) et une première partie d’électrode blin-
dée (14), la première partie d’électrode blindée (14)
étant située entre la section de fonctionnement mo-
bile (11) et la deuxième électrode d’excitation
(23,26).

4. Dispositif à micro-oscillations (X1, X2, X3) selon la
revendication 3, dans lequel le dispositif à micro-os-
cillations (X1, X2, X3) est obtenu par traitement d’un
substrat de matériau (100) ayant une structure stra-
tifiée qui comprend une première couche conductri-
ce (101), une deuxième couche conductrice (102)
et une couche isolante (103) entre les première, et
deuxième couches conductrices (101, 102), la sec-
tion de fonctionnement mobile (11) étant formée
dans la première couche conductrice (101), la
deuxième électrode d’excitation (23, 26) et la pre-
mière partie d’électrode blindée (14) étant formées
dans la deuxième couche conductrice (102).

5. Dispositif à micro-oscillations (X1, X2, X3) selon la
revendication 1, dans lequel le dispositif à micro-os-
cillations (X1, X2, X3) est obtenu par traitement d’un
substrat de matériau (100) ayant une structure stra-
tifiée qui comprend une première couche conductri-
ce (101), une deuxième couche conductrice (102)
et une couche isolante (103) entre les première et
deuxième couches conductrices (101, 102), la
deuxième partie d’électrode blindée (24) étant for-
mée dans la première couche conductrice (101), le
bras (23A) étant formé dans la deuxième couche
conductrice (102).

6. Dispositif à micro-oscillations (X1. X2, X3) selon la
revendication 1, dans lequel le châssis (21, 21’) com-
prend un corps principal de châssis (21b) et une troi-
sième partie d’électrode blindée (21a).

7. Dispositif à micro-oscillations (X1, X2, X3) selon la
revendication 6, dans lequel le dispositif à micro-os-
cillations (X1, X2, X3) est obtenu par traitement d’un
substrat de matériau (100) ayant une structure stra-

tifiée qui comprend une première couche conductri-
ce (101), une deuxième couche conductrice (102)
et une couche isolante (103) entre les première et
deuxième couches conductrices (101, 102), la pre-
mière électrode d’excitation (12, 17) et la troisième
partie d’électrode blindée (21a) étant formées dans
la première couche conductrice (101), la deuxième
électrode d’excitation (23, 26) et le corps principal
de châssis (21b) étant forme dans la deuxième cou-
che conductrice (102).

8. Dispositif à micro-oscillations (X1, X2, X3) selon la
revendication 7, dans lequel les première, deuxième
et troisième parties d’électrode blindée (14, 24, 21a)
ainsi que la première électrode d’excitation (12, 17)
sont connectées électriquement entre elles.

9. Dispositif à micro-oscillations (X1, X2, X3) selon la
revendication 7, dans lequel le corps principal de
châssis (21b) comprend une quatrième partie d’élec-
trode blindée (21).

10. Dispositif à micro-oscillations (X1, X2, X3) selon la
revendication 9, dans lequel les première, deuxiè-
me, troisième et quatrième parties d’électrode blin-
dée (14, 24, 21a, 21b) ainsi que la première électrode
d’excitation (12, 17) sont connectées électriquement
entre elles,

11. Réseau de dispositifs à micro-oscillations (Y1, Y2,
Y3) comprenant une pluralité de dispositifs à micro-
oscillations (X1, X2, X3) selon la revendication 1.

12. Réseau de dispositifs à micro-oscillations (Y1, Y2,
Y3) selon la revendication 11, dans lequel les axes
(A1) des dispositifs à micro-oscillations (X1, X2, X3)
sont parallèles les uns aux autres.

13. Réseau de dispositifs à micro-oscillations (Y1, Y2,
Y3) selon la revendication 11, dans lequel le poten-
tiel de référence peut être appliqué en commun aux
premières électrodes d’excitation (12, 17) des par-
ties oscillantes (10) des dispositifs à micro-oscilla-
tions (X1, X2, X3) respectifs, tandis qu’un potentiel
électrique peut être appliqué individuellement à la
deuxième électrode d’excitation (23. 26) de chacun
des dispositifs à micro-oscillations (X1, X2, X3).
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