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Description
BACKGROUND OF THE INVENTION
Field of the invention

[0001] The presently disclosed subject matter relates
to an optical deflector including meander-type piezoelec-
tric actuators.

Description of the Related Art

[0002] Generally, in an optical scanner or the like, an
optical deflector is constructed by a micro electro me-
chanical system (MEMS) device manufactured by using
semiconductor manufacturing processes and micro ma-
chine technology.

[0003] A first prior art optical deflector as a MEMS de-
vice is constructed by a mirror, a fixed frame surrounding
the mirror, and a pair of meander-type piezoelectric ac-
tuators coupled between the fixed frame and the mirror
and serving as cantilevers for rocking the mirror with re-
spect to a rocking axis of the mirror (see:
JP2008-040240A).

[0004] In the above-described first prior art optical de-
flector, when the position and direction of the rocking axis
of the mirror are deviated from those of an axis such as
an X-axis on the plane of the fixed frame while the mirror
is being rocked, an irradiated area cannot accurately be
scanned with light reflected from the mirror. Therefore,
accurate control voltages of saw-tooth waves or the like
need to be applied to the meander-type piezoelectric ac-
tuators, so that the cantilevers of one of the meander-
type piezoelectric actuators are aligned symmetrically
with the cantilevers of the other. In more detail, if another
axis perpendicular to the X-axis is defined by an Y-axis
on the plane of the fixed frame and an axis normal to the
plane of the fixed frame is defined by a Z-axis, a tip of
one cantilever on the side of one of the meander-type
piezoelectric actuators and a tip of its corresponding can-
tilever on the side of the other meander-type piezoelectric
actuator should have the same positions on the Y-axis
and the Z-axis and opposite positions on the X-axis with
respect to their origin.

[0005] However, it is actually difficult to symmetrically
align the cantilevers of one of the meander-type piezoe-
lectric actuators with those of the other, due to the man-
ufacturing fluctuations between the pair of meander-type
piezoelectric actuators.

[0006] Also, since the meander-type piezoelectric ac-
tuators are very brittle, the meander-type piezoelectric
actuators would easily be displaced by an external im-
pact. Therefore, when unexpected relative displace-
ments occur in the positions of the meander-type piezo-
electric actuators with respect to the plane of the fixed
frame by such an external impact, the meander-type pi-
ezoelectric actuators would interfere with the mirror, and
would be twisted or deformed to be broken down.
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[0007] Next, the natural frequencies of the first prior
art optical deflector will be explained with reference to
Figs. 1A, 1B and 1C and Fig. 2.

[0008] InFigs.1A, 1B and1C, amirror 101 is surround-
ed by a fixed frame (not shown), and a pair of meander-
type piezoelectric actuators 102a and 102b are coupled
between the fixed frame and the mirror 101. The piezo-
electric actuator 102a is constructed by serially-coupled
piezoelectric cantilevers 102a-1, 102a-2, 102a-3 and
102a-4 in parallel with the Y-axis of the fixed frame, and
the piezoelectric actuator 102b is constructed by serially-
coupled piezoelectric cantilevers 102b-1, 102b-2, 102b-
3 and 102b-4 in parallel with the Y-axis of the fixed frame.
[0009] In Fig. 1A, which shows a normal mode whose
natural frequency is fj as shown in Fig. 2, the Y-axis
positions and Z-axis positions of the piezoelectric canti-
levers 102a-1, 102a-2, 102a-3 and 102a-4 are the same
as those of the piezoelectric cantilevers 102b-1, 102b-2,
102b-3 and 102b-4, respectively. On the other hand, the
X-axis positions of the piezoelectric cantilevers 102a-1,
102a-2, 102a-3 and 102a-4 are symmetrical with the X-
axis positions of the piezoelectric cantilevers 102b-1,
102b-2, 102b-3 and 102b-4, respectively, with respect to
the origin O. Thus, the mirror 101 is rocked around the
X-axis. Note that the natural frequency f,q is determined
by a mechanically-vibrating system of the mirror 101
around the X-axis depending upon the piezoelectric ac-
tuators 102a and 102b.

[0010] In Fig. 1B, which shows a first abnormal mode
whose natural frequency is f,4 (>f,) as shown in Fig. 2,
the Z-axis position at a folded portion Fas, between the
piezoelectric cantilevers 102a-3 and 102a-4 is opposite
to the Z-axis position at a folded portion Fbs, between
the piezoelectric cantilevers 102b-3 and 102b-4 with re-
spect to the origin O. Note that the folded portion Fag,
and Fb,, are the closest ones to the mirror 101.

[0011] In Fig. 1C, which shows a second abnormal
mode whose natural frequency is f,, (>f,4) as shown in
Fig. 2, the Z-axis position at afolded portion Fa,3 between
the piezoelectric cantilevers 102a-2 and 102a-3 is oppo-
site to the Z-axis position ata folded portion Fb,; between
the piezoelectric cantilevers 102b-2 and 102b-3 with re-
spect to the origin O. Note that the folded portions Fays
and Fb,3 are the second closest ones to the mirror 101.
[0012] Similarly, in a third abnormal mode whose nat-
ural frequency is f,3 (>f,») as shown in Fig. 2, the Z-axis
position at a folded portion Fa,, between the piezoelec-
tric cantilevers 102a-1 and 102a-2 is opposite to the Z-
axis position at a folded portion Fb,, between the piezo-
electric cantilevers 102b-1 and 102b-2 with respect to
the origin O. Note that the folded portions Fa;, and Fb,,
are the third closest ones to the mirror 101.

[0013] Additionally, when the Y-axis position at the
folded portion Fa,, is opposite to the Y-axis position at
the folded portion Fbs, with respect to the origin O, when
the Y-axis position at the folded portion Fa,s is opposite
to the Y-axis position at the folded portion Fbys with re-
spect to the origin O, or when the Y-axis position at the
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folded portion Fa,, is opposite to the Y-axis position at
the folded portion Fb4, with respect to the origin O, other
natural frequencies which are not shown in Fig. 2 may
be determined.

[0014] In Fig. 2, f4/2 is a half natural frequency of the
natural frequency f,,.

[0015] Thus, when saw-tooth wave control voltages
having a frequency close to the natural frequency f,, of
the normal mode are applied to the piezoelectric actua-
tors 102a and 102b, the saw-tooth wave control voltages
would resonate with the natural frequency f,, in the nor-
mal mode to enhance the deflection angle of the mirror
101. In this case, however, higher harmonic components
of the saw-tooth wave control voltages would also reso-
nate with the natural frequencies f4, f,o, fy3, ..., in the
abnormal modes so that such natural frequencies f,4,
f2: T3 ..., would appear in the deflection angle of the
mirror 101 as spurious noises.

[0016] In order to suppress the deformation of the me-
ander-type piezoelectric actuators by an external impact
and move away from the components of the natural fre-
quencies f,q, fo, f,3, ... In the abnormal modes, a second
prior art optical deflector as a MEMS device additionally
includes damper elements thinly coated on the rear sur-
faces of the meander-type piezoelectric actuators. The
damper elements are made of gel material with high vis-
cosity. The gel material can be a heating or ultraviolet
curable gel material which is cured by heating or ultravi-
olet irradiation (see: US2012/0120470A1 &
JP2012-123364A).

[0017] In the above-described second prior art optical
deflector, however, since a process for coating gel ma-
terial thinly on the meander-type piezoelectric actuators
and a process for curing the gel material are required,
the manufacturing cost would be increased. Also, since
the viscosity of gel material of one of the meander-type
piezoelectric actuators would be different from that of the
other, due to the manufacturing fluctuations, the canti-
levers of one of the meander-type piezoelectric actuators
would be asymmetrical to those of the other of the me-
ander-type piezoelectric actuators, which would invite
the interference of the piezoelectric actuators with the
mirror and would twist or deform the meander-type pie-
zoelectric actuators to be broken down. Further, since
the damper elements cannot completely avoid the asym-
metrical Z-axis motions of the folded portions, the com-
ponents of the natural frequencies in the abnormal
modes near the natural frequency in the normal mode
cannot completely be moved away.

[0018] WO 2010/131556 A1 discloses a piezoelectric
actuator which comprises a pair of center beams, a pair
of meandering beams, and a fixing frame. The pair of
center beams extend in a first direction and are connect-
ed to an object to be driven, thereby supporting the object
to be driven, from both sides thereof in the first direction.
The pair of meandering beams include zigzag beam
groups wherein the mutually adjacent end sections of a
plurality of beams extending in parallel to the second di-
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rection orthogonal to the first direction are alternately
connected at both ends and the beams are each provided
with a piezoelectric element, so that the angles of incli-
nation in the second direction can be accumulated by the
elongation and contraction of the piezoelectric elements.
The fixing frame surrounds the object to be driven, the
center beams, and the meandering beams. The pair of
meandering beams, the respective one end of which is
connected to the fixing frame while the other end is con-
nected to the end of one of the center beams farther from
the position connected with the fixing frame, are arranged
symmetrically so as to surround the object to be driven
and the center beams from both sides thereof.

[0019] MASANAO TANIET AL:"A two-axis piezoelec-
tric tilting micromirror with a newly developed PZT-me-
andering actuator", MICRO ELECTRO MECHANICAL
SYSTEMS, 2007. MEMS. IEEE 20TH INTERNATIONAL
CONFERENCE ON, IEEE, PI, 1 January 2007
(2007-01-01), pages 699-702, XP031203748, DOI:
10.1109/MEMSYS.2007.4432994 ISBN:
978-1-4244-0950-1 discloses a mechanical design of pi-
ezoelectric unimorph actuator that generates large static
deflection angles by accumulating angular displacement
in a cascaded piezoelectric cantilever formed in a mean-
dering shape. The actuator design was adopted in a dou-
ble-gimbal two-dimensional optical scanner of a 4 mm
times 6 mm foot print. The scanner delivered a relatively
large static angle of mechanical +°8.6 at an applied volt-
age of 20 Vdc at a non-resonant operation.

SUMMARY

[0020] The presently disclosed subject matter seeks
to solve the above-described problems.

[0021] According to the present invention, an optical
deflector is provided as set forth in claim 1. Preferred
embodiments of the present invention may be gathered
from the dependent claims.

[0022] According to the presently disclosed subject
matter, since no additional process is required for forming
the crossing bar, the manufacturing cost would not be
increased.

[0023] Also, since the natural frequencies in the ab-
normal modes near the natural frequency in the normal
mode are moved away by the crossing bar, the reso-
nance at the natural frequency in the normal mode can
be enhanced.

[0024] Further, since the crossing bar keeps the spac-
ing between the first and second piezoelectric cantilev-
ers, the meander-type piezoelectric actuators would not
interfere with the mirror, and would not be twisted or de-
formed to be broken down.

BRIEF DESCRIPTION OF THE DRAWINGS
[0025] The above and other advantages and features

of the presently disclosed subject matter will be more
apparent from the following description of certain embod-
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iments, taken in conjunction with the accompanying
drawings, as compared with the prior art wherein:

Figs. 1A, 1B and 1C are perspective views for ex-
plaining operation modes of a first prior art optical
deflector;

Fig. 2 is agraph showing the natural frequency char-
acteristics of the operation modes of Figs. 1A, 1B
and 1C;

Fig. 3 is a perspective view illustrating a first embod-
iment of the optical deflector according to the pres-
ently disclosed subject matter;

Fig. 4 is a plan view of the optical deflector of Fig. 3;
Figs. 5A and 5B are cross-sectional views taken
along the line VA-VA and VB-VB, respectively, in
Fig. 4;

Fig. 6 is agraph showing the natural frequency char-
acteristics of the operation modes of the optical de-
flector of Figs. 3 and 4;

Figs. 7A and 7B are perspective views for explaining
a example of the operation of the piezoelectric can-
tilevers of Figs. 3 and 4;

Figs. 8A, 8B and 8C are timing diagrams for illustrat-
ing examples of the drive voltages and the deflection
angle of the optical deflector of Figs. 3 and 4;

Fig. 9 is a frequency spectrum diagram of the drive
voltages of the operation modes of the optical de-
flector of Figs. 3 and 4;

Fig. 10 is a graph showing the amplitude of the de-
flection angle of the optical deflector of Figs. 3 and 4;
Fig. 11 is a view illustrating a second embodiment
of the optical deflector according to the presently dis-
closed subject matter;

Fig. 12is aplanview of the optical deflector of Fig. 11;
Figs. 13A, 13B and 13C are timing diagrams for il-
lustrating examples of the drive voltages and the de-
flection angle of the optical deflector of Figs. 11 and
12; and

Fig. 14 is a diagram illustrating an image display ap-
paratus to which the two-dimensional optical deflec-
tor of Figs. 11 and 12 is applied.

DETAILED DESCRIPTION OF EXEMPLARY EMBOD-
IMENTS

[0026] In Figs. 3 and 4, which illustrate a first embod-
iment of the optical deflector according to the presently
disclosed subject matter, reference numeral 10 desig-
nates a one-dimensional optical deflector, and 20 desig-
nates a driver for driving the optical deflector 10.

[0027] The optical deflector 10 is constructed by a rec-
tangular mirror 1 for reflecting an incident light, a fixed
frame 2 surrounding the mirror 1 for supporting the mirror
1, and a pair of meander-type piezoelectric actuators 3a
and 3b coupled between the fixed frame 2 and the mirror
1 and serving as cantilevers for rocking the mirror 1
around an X-axis of the plane of the fixed frame 2 cen-
tered at the center of the mirror 1. The mirror 1 can be
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circular. The piezoelectric actuators 3a and 3b are ar-
ranged opposite to each other with respect to the mirror 1.
[0028] Note that a Y-axis perpendicular to the X-axis
is defined on the plane of the fixed frame 2, and a normal
axis to the plane of the fixed frame 2 is defined by a Z-
axis centered at the center of the mirror 1.

[0029] The fixedframe 2is rectangularly-framed to sur-
round the mirror 1 associated with the piezoelectric ac-
tuators 3a and 3b.

[0030] The piezoelectric actuator 3a is constructed by
piezoelectric cantilevers 3a-1, 3a-2, 3a-3 and 3a-4 which
are serially-coupled from the fixed frame 2 to the mirror
1 via folded portions Fa,,, Fa,; and Fas,. The folded
portions Fa4, and Faz, are located on the positive side
of the Y-axis, while the folded portion Fa,3 is located on
the negative side of the Y-axis. Also, each of the piezo-
electric cantilevers 3a-1, 3a-2, 3a-3 and 3a-4 are in par-
allel with the Y-axis. Therefore, the piezoelectric canti-
levers 3a-1, 3a-2, 3a-3 and 3a-4 are folded at every can-
tilever or meandering from the fixed frame 2 to the mirror
1, so that the amplitudes of the piezoelectric cantilevers
3a-1, 3a-2, 3a-3 and 3a-4 can be changed along direc-
tions perpendicular to the X-axis.

[0031] Similarly, the piezoelectric actuator 3b is con-
structed by piezoelectric cantilevers 3b-1, 3b-2, 3b-3 and
3b-4 which are serially-coupled from the fixed frame 2 to
the mirror 1 via folded portions Fb4,, Fbys and Fbs,. The
folded portions Fb ¢, and Fbs, are located on the positive
side of the Y-axis, while the folded portion Fb, is located
on the negative side of the Y-axis. Also, each of the pi-
ezoelectric cantilevers 3b-1, 3b-2, 3b-3 and 3b-4 are in
parallel with the Y-axis. Therefore, the piezoelectric can-
tilevers 3b-1, 3b-2, 3b-3 and 3b-4 are folded at every
cantilever or meandering from the fixed frame 2 to the
mirror 1, so that the amplitudes of the piezoelectric can-
tilevers 3b-1, 3b-2, 3b-3 and 3b-4 can be changed along
directions perpendicular to the X-axis.

[0032] Note that the number of piezoelectric cantilev-
ers in each of the piezoelectric actuators 3a and 3b can
be other values such as 2, 6, 8, ....

[0033] Provided on the fixed frame 2 are pads Pg,,
Px1ar Px2as Pro» Px1p @nd Pxop. The pads Py, Pyop,
Px4p and Py, are connected to the driver 20 which ap-
plies a drive voltage V4 to the pads Py4, and Py}, and
applies a drive voltage Vy, to the pads Py,, and Pygy,.
In this case, the drive voltages Vy4 and Vy, are opposite
in phase to each other.

[0034] The pad Pg, for receiving a reference voltage
VR is connected via via-structures (not shown) to the low-
er electrode layers 505 (see: Fig. 5A) of the piezoelectric
cantilevers 3a-1, 3a-2, 3a-3 and 3a-4 of the piezoelectric
actuator 3a. In this case, the pad Pg, is grounded, i.e.,
the reference voltage Vg is OV.

[0035] The pad Py,, is connected via a wiring layer
509 (see: Fig. 5A) to the upper electrode layers 507 (see:
Fig. 5A) of the odd-numbered piezoelectric cantilevers
3a-1 and 3a-3 of the piezoelectric actuator 3a.

[0036] The pad Py,, is connected via a wiring layer
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5009 (see: Fig. 5A) to the upper electrode layers 507 (see:
Fig. 5A) of the even-numbered piezoelectric cantilevers
3a-2 and 3a-4 of the piezoelectric actuator 3a.

[0037] The pad Pgy, forreceiving the reference voltage
VR is connected via via-structures (not shown) to the low-
er electrode layers 505 (see: Fig. 5A) of the piezoelectric
cantilevers 3b-1, 3b-2, 3b-3 and 3b-4 of the piezoelectric
actuator 3b. In this case, since the reference voltage Vg
is OV, the pad Pgy, is grounded.

[0038] The pad Pyq, is connected via a wiring layer
5009 (see: Fig. 5A) to the upper electrode layers 507 (see:
Fig. 5A) of the odd-numbered piezoelectric cantilevers
3b-1 and 3b-3 of the piezoelectric actuator 3b.

[0039] The pad Py, is connected via a wiring layer
5009 (see: Fig. 5A) to the upper electrode layers 507 (see:
Fig. 5A) of the even-numbered piezoelectric cantilevers
3b-2 and 3b-4 of the outer piezoelectric actuator 3b.
[0040] A crossing bar 4 is provided along the X-axis
on the positive side of the Y-axis to couple the folded
portion Fas, to the folded portion Fbs,, so as to prevent
the Z-axis motion of the folded portion Fas, from being
opposite to the Z-axis motion of the folded portion Fbs,.
In this case, the X-axis positions of the folded portions
Fas, and Fby, are fixed by the crossing bar 4.

[0041] Similarly, a crossing bar 5 is provided along the
X-axis on the negative side of the Y-axis to couple the
folded portion Fa,3 to the folded portion Fbys, so as to
prevent the Z-axis motion of the folded portion Fa,3 from
being opposite to the Z-axis motion of the folded portion
Fb,s. In this case, the X-axis positions of the folded por-
tions Fays and Fbos are fixed by the crossing bar 5.
[0042] Also, a circular reinforcing rib 6 (shown not in
Figs. 3 and 4, but in Figs. 5A and 5B) is provided on the
rear surface of the mirror 1 to avoid the warping of the
mirror 1.

[0043] The driver 20 is constructed by a control circuit
such as a microcomputer including a central processing
unit (CPU), a read-only memory (ROM) or a nonvolatile
memory, a random access memory (RAM), an input/out-
put (I/O) interface and the like.

[0044] InFig. 3, light L1 emitted from a light source 30
is reflected by the mirror 1, and then, light L2 reflected
from the mirror 1 is deflected by the optical deflector 10.
Thus, an irradiation area of a screen (not shown) is
scanned with the deflected reflected light L2. This will be
explained in more detail with reference to Fig. 14.
[0045] The structure of each element of the optical de-
flector 10 is explained next with reference to Figs. 5A and
5B which are cross-sectional views taken along the VA-
VA line and the VB-VB line, respectively, in Fig. 4.
[0046] In Figs. 5A and 5B, a monocrystalline silicon
support layer ("Handle" layer) 501, an intermediate sili-
condioxide layer ("Box" layer) 502 and a monocrystalline
silicon active layer ("Device" layer) 503 are formed by a
silicon-on-insulator (SOI) substrate. Also, reference nu-
meral 504 designates silicon dioxide layer, 505 desig-
nates a Ti/Pt lower electrode layer made of Ti or TiO,
(O<x= 2) and Pt, 506 designates a lead titanate zirconate
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(PZT) layer, 507 designates a Pt upper electrode layer
made of Pt, 508 designates an insulating interlayer made
of silicon dioxide or the like, 509 designates a wiring layer
made of Pt, Au, Al or aluminum alloy, 510 designates a
pad metal layer made of AICu or the like, and 511 des-
ignates a Ti/Ag reflective metal layer made of Ti and Ag.
[0047] The mirror 1 is constructed by the "Box" layer
502, the "Device" layer 503 serving as a vibration plate
and the reflective metal layer 511 serving as a reflector.
Note that, after the pad metal layer 510 is patterned, the
reflective metal layer 511 is formed by forming a resist
pattern of the reflective metal layer 511 using a photoli-
thography process, depositing Ti and Ag on the resist
pattern by a sputtering process, and carrying out a lift-
off process to remove the resist pattern.

[0048] The fixed frame 2is constructed by the "Handle"
layer 501, the "Box" layer 502, the "Device" layer 503
and the insulating interlayer 508.

[0049] Each ofthe piezoelectric cantilevers 3a-1 to 3a-
4 and 3b-1 to 3b-4 is constructed by the "Box" layer 502,
the "Device" layer 503, the silicon dioxide layer 504, the
lower electrode layer 505, the PZT layer 506 and the
upper electrode layer 507.

[0050] The pads Pr,, Px1a Px2as Pros Px1p @nd Pxgp
are constructed by the pad metal layer 510.

[0051] The crossing bars 4 and 5 are constructed by
the "Box" layer 502, the "Device" layer 503 and the insu-
lating interlayer 508.

[0052] Since noadditional process is required for form-
ing the crossing bars 4 and 5, the manufacturing cost
would not be increased.

[0053] The reinforcing rib 6 is constructed by perform-
ing a photolithography/etching process upon the "Han-
dle" layer 501.

[0054] In Fig. 6, which shows the natural frequency
characteristics of the optical deflector 10 of Figs. 3 and
4, the natural frequency f, 4 of Fig. 2 caused by the Z-axis
motions of the folded portions Fas, and Fbs, opposite in
phase to each other is moved away by the crossing bar
4, and the natural frequency f,, of Fig. 2 caused by the
Z-axis motions of the folded portions Fa,5; and Fbys op-
posite in phase to each otheris moved away by the cross-
ing bar 5.

[0055] The meander-type piezoelectric actuators 3a
and 3b are described below.

[0056] In the piezoelectric actuators 3a and 3b, the pi-
ezoelectric cantilevers 3a-1, 3a-2, 3a-3, 3a-4, 3b-1, 3b-
2, 3b-3 and 3b-4 are divided into an odd-numbered group
of the piezoelectric cantilevers 3a-1 and 3a-3; 3b-1 and
3b-3, and an even-numbered group of the piezoelectric
cantilevers 3a-2 and 3a-4; 3b-2 and 3b-4 alternating with
the odd-numbered group of the inner piezoelectric can-
tilevers 3a-1 and 3a-3; 3b-1 and 3b-3.

[0057] Figs. 7A and 7B are perspective views for ex-
plaining the operation of the piezoelectric cantilevers of
one piezoelectric actuator such as 3a of Figs. 3 and 4.
Note that Fig. 7A illustrates a non-operation state of the
piezoelectric cantilevers 3a-1, 3a-2, 3a-3 and 3a-4 of the
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piezoelectric actuator 3a, and Fig. 7B illustrates an op-
eration state of the piezoelectric cantilevers 3a-1, 3a-2,
3a-3 and 3a-4 of the piezoelectric actuator 3a.

[0058] For example, as illustrated in Fig. 7B which il-
lustrates only the piezoelectric cantilevers 3a-1, 3a-2, 3a-
3 and 3a-4, when the odd-numbered group of the piezo-
electric cantilevers 3a-1, 3a-3, 3b-1 and 3b-3 are flexed
in one direction, for example, in an upward direction, the
even-numbered group of the piezoelectric cantilevers 3a-
2, 3a-4, 3b-2 and 3b-4 are flexed in the other direction,
i.e., in a downward direction. On the other hand, when
the odd-numbered group of the piezoelectric cantilevers
3a-1, 3a-3, 3b-1 and 3b-3 are flexed in the downward
direction, the even-numbered group of the piezoelectric
cantilevers 3a-2, 3a-4, 3b-2 and 3b-4 are flexed in the
upward direction.

[0059] Thus, the mirror 1 is rocked around the X-axis.
[0060] An optical deflection by rocking the mirror 1
around the X-axis is explained in detail with reference to
Figs. 8A, 8B and 8C.

[0061] Forexample, assume that the drive voltage V4
is saw-tooth-shaped as illustrated in Fig. 8A and the drive
voltage V., is saw-tooth-shaped as illustrated in Fig. 8B.
That is, the drive voltages Vy, and Vy, are opposite in
phase to each other. In this case, the frequency charac-
teristics of the drive voltages Vx4 and Vy, whose basic
frequency f; is 60 Hz are illustrated in Fig. 9.

[0062] Therefore, if the basic frequency f; of the drive
voltages Vy4 and Vs, is close to the natural frequency
f.o the frequency f, would resonate with the natural fre-
quency f,o to enhance the deflection angle Ay of the mir-
ror 1 around the X-axis. In addition, even if harmonic
frequency components such as f; (=120 Hz) and f, (=180
Hz) of the drive voltages Vy4 and Vy, are close to the
natural frequencies f,,4 and f,,, of Fig. 2, since the natural
frequencies f, 4 and f,,, are moved away by the crossing
bars 4 and 5, the frequencies f,,; and f,,, would not appear
in the deflection angle Ay of the mirror 1 as illustrated in
Fig. 8C.

[0063] According to the above-described first embod-
iment, since the crossing bars 4 and 5 are provided, the
high harmonic components of the drive voltages V4 and
Vo can be compensated for.

[0064] In the above-described first embodiment, an-
other crossing bar can be provided along the X-axis on
the positive side of the Y-axis to couple the folded portion
Fa,, to the folded portion Fb4,. This crossing bar is in
parallel with the crossing bar 4.

[0065] Also, in the above-described first embodiment,
the two crossing bars 4 and 5 are provided; however,
only one crossing bar can be provided. In this case, the
symmetrical displacements of the piezoelectric cantilev-
ers 3a-3 and 3a-4 and the piezoelectric cantilevers 3b-3
and 3b-4 caused by the crossing bar 4 are larger than
those of the piezoelectric cantilevers 3a-2 and 3a-3 and
the piezoelectric cantilevers 3b-2 and 3b-3 caused by
the crossing bar 5. Therefore, the crossing bar 4 is pref-
erably provided as compared with the crossing bar 5.
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[0066] In Fig. 10, which shows the amplitude of the
deflection angle Ay of the optical deflector of Figs. 3 and
4, the amplitude of the deflection angle Ay is approxi-
mately the same as that of the first prior art optical de-
flector as illustrated in Figs. 1A, 1B and 1C without the
crossing bars 4 and 5. In more detail, the amplitude of
the deflection angle Ay is a little smaller than that of the
first prior art optical deflector due to the increased mass
of the movable part by the crossing bars 4 and 5; how-
ever, this would create no problem.

[0067] Also, since the crossing bars 4 and 5 keep the
spacing between the piezoelectric cantilevers 3a-1, 3a-
2 and 3a-3 and the piezoelectric cantilevers 3b-1, 3b-2
and 3b-3, the meander-type piezoelectric actuators 3a
and 3b would not be displaced by an external impact,
particularly, an impact along the Y-axis. As a result, the
meander-type piezoelectric actuators 3a and 3b would
not interfere with the mirror 1, and would not be twisted
or deformed to be broken down.

[0068] In Figs. 11 and 12, which illustrate a second
embodiment of the optical deflector according to the pres-
ently disclosed subject matter, reference numeral 10’
designates a two-dimensional optical deflector, and 20’
designates a driver for driving the optical deflector 10°.
[0069] The optical deflector 10’ is constructed by a
movable frame 7 surrounding the mirror 1 for supporting
the mirror 1, and a pair of inner meander-type piezoelec-
tric actuators 8a and 8b coupled between the movable
frame 7 and the mirror 1 and serving as cantilevers for
rocking the mirror 1 around an Y-axis of the plane of the
fixed frame 2 centered at the center of the mirror 1, in
addition to the elements of the optical deflector 10 of Figs.
3 and 4. The inner piezoelectric actuators 8a and 8b are
arranged opposite to each other with respect to the mirror
1.

[0070] The inner piezoelectric actuator 8a is construct-
ed by piezoelectric cantilevers 8a-1, 8a-2, 8a-3 and 8a-
4 which are serially-coupled from the movable frame 7
to the mirror 1 via folded portions. Also, each of the pie-
zoelectric cantilevers 8a-1, 8a-2, 8a-3 and 8a-4 are in
parallel with the X-axis. Therefore, the piezoelectric can-
tilevers 8a-1, 8a-2, 8a-3 and 8a-4 are folded at every
cantilever or meandering from the movable frame 7 to
the mirror 1, so that the amplitudes of the piezoelectric
cantilevers 8a-1, 8a-2, 8a-3 and 8a-4 can be changed
along directions perpendicular to the Y-axis.

[0071] Similarly, the inner piezoelectric actuator 8b is
constructed by piezoelectric cantilevers 8b-1, 8b-2, 8b-
3 and 8b-4 which are serially-coupled from the movable
frame 7 to the mirror 1 via folded portions. Also, each of
the piezoelectric cantilevers 8b-1, 8b-2, 8b-3 and 8b-4
are in parallel with the X-axis. Therefore, the piezoelectric
cantilevers 8b-1, 8b-2, 8b-3 and 8b-4 are folded at every
cantilever or meandering from the movable frame 7 to
the mirror 1, so that the amplitudes of the piezoelectric
cantilevers 8b-1, 8b-2, 8b-3 and 8b-4 can be changed
along directions perpendicular to the Y-axis.

[0072] Note that the number of piezoelectric cantilev-
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ers in each of the inner piezoelectric actuators 8a and 8b
can be other values such as 2, 6, 8, ....

[0073] Also, provided on the fixed frame 2 are pads
Py1a @and Pyop. The pads Py4, and Pyyy, are connected
to the driver 20’ which applies a drive voltage Vy to the
pad Py4,, and applies a drive voltage Vy, to the pad Py,
In this case, the drive voltages Vy 4 and Vy, are opposite
in phase to each other.

[0074] The pad Py44is connected via a wiring layer to
the upper electrode layers of the odd-numbered piezoe-
lectric cantilevers 8a-1, 8a-3, 8b-1 and 8b-3 of the inner
piezoelectric actuators 8a and 8b.

[0075] The pad Py, is connected via a wiring layer to
the upper electrode layers of the even-numbered piezo-
electric cantilevers 8a-2, 8a-4, 8b-2 and 8b-4 of the inner
piezoelectric actuators 8a and 8b.

[0076] A crossing bar 9 is provided along the Y-axis
onthe positive side of the Y-axis to couple a folded portion
between the piezoelectric cantilevers 8a-3 and 8a-4 to a
folded portion between the piezoelectric cantilevers 8b-
3 and 8b-4, so as to prevent the Z-axis motion of one of
the folded portions from being opposite to the Z-axis mo-
tion of the other of the folded portions. In this case, the
Y-axis positions of these folded portions are fixed by the
crossing bar 9.

[0077] Similarly, a crossing bar 10 is provided along
the Y-axis on the negative side of the X-axis to couple a
folded portion between the piezoelectric cantilevers 8a-
2 and 8a-3 to a folded portion between the piezoelectric
cantilevers 8b-2 and 8b-3, so as to prevent the Z-axis
motion of one of the folded portion from being opposite
to the Z-axis motion of the other of the folded portions.
In this case, the Y-axis positions of the folded portions
are fixed by the crossing bar 10.

[0078] The movable frame 7 is constructed by the
"Handle" layer 501, the "Box" layer 502, the "Device" lay-
er 503 and the insulating interlayer 508 of Figs. 5A and
5B, in the same way as the fixed frame 2.

[0079] Each of the piezoelectric cantilevers 8a-1 to 8a-
4 and 8b-1 to 8b-4 is constructed by the "Box" layer 502,
the "Device" layer 503, the silicon dioxide layer 504, the
lower electrode layer 505, the PZT layer 506 and the
upper electrode layer 507 of Figs. 5A and 5B, in the same
way as the piezoelectric cantilevers 3a-1 to 3a-4 and 3b-
1 to 3b-4.

[0080] The pads Py4, and Py, are constructed by the
pad metal layer 510, in the same way as the pads Pg,,
Px1a> Px2a» Pro Px1p @nd Pxap,.

[0081] The crossing bars 9 and 10 are constructed by
the "Box" layer 502, the "Device" layer 503 and the insu-
lating interlayer 508 of Fig. 5B, in the same way as the
crossing bars 4 and 5.

[0082] Since noadditional process is required for form-
ing the crossing bars 9 and 10, the manufacturing cost
would not be increased.

[0083] In the same way as the piezoelectric actuators
3a and 3b of Figs. 3 and 4, the mirror 1 is rocked around
the Y-axis by the inner piezoelectric actuators 8a and 8b.
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[0084] An optical deflection by rocking the mirror 1
around the Y-axis is explained in detail with reference to
Figs. 13A, 13B and 13C.

[0085] Forexample, assume that the drive voltage Vy4
is saw-tooth-shaped as illustrated in Fig. 13A and the
drive voltage Vy, is saw-tooth-shaped as illustrated in
Fig. 13B. That is, the drive voltages Vy, and Vy, are
opposite in phase to each other. In this case, the basic
frequency fy’ of the drive voltages Vv and Vv, is 15 kHz.
[0086] Therefore, if the basic frequency fy’ of the drive
voltages Vv, and Vy, is close to a natural frequency f,,y’
in the normal mode, the frequency f, would resonate
with the natural frequency f,y’ to enhance the deflection
angle Ay of the mirror 1 around the Y-axis. In addition,
even if harmonic frequency components of the drive volt-
ages Vy4 and Vy,, are close to other natural frequencies
which are moved away by the crossing bars 9 and 10,
such other natural frequencies would not appear in the
deflection angle Ay of the mirror 1 as illustrated in Fig.
13C.

[0087] Note thatthe natural frequency f,,y isamechan-
ically-vibrating system of the mirror 1 around the Y-axis
depending upon the inner piezoelectric actuators 8a and
8b.

[0088] According to the above-described second em-
bodiment, since the crossing bars 9 and 10 are provided,
the high harmonic components of the drive voltages V4
and Vy, can be compensated for.

[0089] In the above-described second embodiment,
another crossing bar can be provided along the Y-axis
on the positive side of the X-axis to couple the folded
portion between the piezoelectric cantilevers 8a-1 and
8a-2 to the folded portion between the piezoelectric can-
tilevers 8b-1 and 8b-2. This crossing bar is in parallel with
the crossing bar 9.

[0090] Also, in the above-described second embodi-
ment, the two crossing bars 9 and 10 are provided; how-
ever, only one crossing bar can be provided. In this case,
the symmetrical displacements of the piezoelectric can-
tilevers 8a-3 and 8a-4 and the piezoelectric cantilevers
8b-3 and 8b-4 caused by the crossing bar 9 are larger
than those of the piezoelectric cantilevers 8a-2 and 8a-
3 and the piezoelectric cantilevers 8b-2 and 8b-3 caused
by the crossing bar 10. Therefore, the crossing bar 9 is
preferably provided as compared with the crossing bar
10.

[0091] Also, the amplitude of the deflection angle Ay
becomes a little smaller due to the increased mass of the
movable part by the crossing bars 9 and 10; however,
this would create no problem.

[0092] Further, since the crossing bars 9 and 10 keep
the spacing between the piezoelectric cantilevers 8a-1,
8a-2 and 8a-3 and the piezoelectric cantilevers 8b-1, 8b-
2 and 8b-3, the meander-type inner piezoelectric actua-
tors 8a and 8b would not be displaced by an external
impact, particularly, an impact along the X-axis. As a re-
sult, the meander-type inner piezoelectric actuators 8a
and 8b would not interfere with the mirror 1, and would
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not be twisted or deformed to be broken down.

[0093] In the above-described second embodiments,
the inner piezoelectric actuators 8a and 8b of a meander-
type can be replaced by piezoelectric actuators of a tor-
sion bar type for rocking the mirror through torsion bars.
[0094] InFig. 14, the two-dimensional optical deflector
of Figs. 11 and 12 is applied to an image display appa-
ratus. This image display apparatus is constructed by the
two-dimensional optical deflector 10’ and the driver 20’
of Figs. 11 and 12, a laser source 30, a half mirror (beam
splitter) 40 and a screen 50. In this case, the laser source
30, the half mirror 40 and the screen 50 are fixed at pre-
determined locations. Light L1 outputted from the laser
source 30 is modulated to pass through condensing lens-
es (not shown) and then, through the half mirror 40 to
reach the mirror of the optical deflector 10’. Then, light
L2 reflected by the mirror of the optical deflector 10’ is
deflected by the deflection angle of the mirror thereof and
is split at the half mirror 40 to project on the screen 50.
The screen 50 is raster-scanned with the light L2 deflect-
ed by the optical deflector 10’ in a horizontal direction H
andin a vertical direction V as indicated within the screen
50.

[0095] Inthe above-described firstand second embod-
iments, the basic frequencies of the drive voltages are
close to the natural frequencies of the mirror 1 in the
normal modes; however, when a vector scanning oper-
ation is carried out, it is unnecessary to rock the mirror 1
at such natural frequencies.

[0096] The optical deflector according to the presently
disclosed subject matter can be applied to a light scanner
such as an electronic photo type printer and a laser print-
er, a laser head amplifier, a sensing light scanner such
as a laser radar, a bar code reader, a headup display
apparatus, an area sensor or a touch panel, in addition
to the image display apparatus of Fig. 14.

[0097] It will be apparent to those skilled in the art that
various modifications and variations can be made in the
presently disclosed subject matter without departing from
the scope of the present invention as defined by the ap-
pended claims.

Claims
1. An optical deflector comprising:

a mirror (1);

afixed frame (2) surrounding said mirror (1); and
first and second piezoelectric actuators (3a, 3b)
of a meander-type provided opposite to each
other with respect to said mirror (1), for rocking
said mirror (1) around a first axis on a plane of
said fixed frame (2),

said first piezoelectric actuator (3a) including a
plurality of first piezoelectric cantilevers (3a-1,
3a-2, 3a-3, 3a-4) folded at first folded portions
(Faqo, Fays, Fazs) and coupled to said fixed

10

15

20

25

30

35

40

45

50

55

frame (2),

said second piezoelectric actuator (3b) including
a plurality of second piezoelectric cantilevers
(3b-1, 3b-2, 3b-3, 3b-4) folded at second folded
portions (Fb4,, Fbys, Fbs,) and coupled to said
fixed frame (2), each first and second folded por-
tions being between piezoelectric cantilevers,
said first piezoelectric cantilevers (3a-1, 3a-2,
3a-3, 3a-4) and said second piezoelectric can-
tilevers (3b-1, 3b-2, 3b-3, 3b-4) being symmet-
rically located with respect to a second axis per-
pendicular to said first axis on the plane of said
fixed frame (2),

wherein, when an odd-numbered group of said
first piezoelectric cantilevers (3a-1, 3a-3) and an
odd-numbered group of said second piezoelec-
tric cantilevers (3b-1, 3b-3) from said fixed frame
(2) are flexed in one direction, an even-num-
bered group of said first piezoelectric cantilevers
(3a-2, 3a-4) and an even-numbered group of
said second piezoelectric cantilevers (3b-2, 3b-
4) from said fixed frame (2) are flexed in another
direction,

said optical deflector further comprising a first
crossing bar (4) coupled between one of said
first folded portions (Fa4,, Fass, Faz,) and one
of said second folded portions (Fb 45, Fbys, Fbay)
symmetrically located with respect to said mirror

(1)

The optical deflector as set forth in claim 1, further
comprising a second crossing bar (5) coupled be-
tween another of said first folded portions (Faq,,
Fays, Faz,) and another of said second folded por-
tions (Fbq,, Fbys, Fbs,) symmetrically located with
respect to said mirror.

The optical deflector as set forth in claim 1, wherein
the one (Fas,) of said first folded portions and the
one (Fbs,) of said second folded portions are closest
ones to said mirror (1).

The optical deflector as set forth in claim 2, wherein
the one (Fas,) of said first folded portions and the
one (Fbs,) of said second folded portions are the
closest ones to said mirror (1), and the other (Fays)
of said first folded portions and the other (Fbys) of
said second folded portions are the second closest
ones to said mirror (1),

said first and second crossing bars (4, 5) being lo-
cated oppositely to each other with respect to a sec-
ond axis perpendicular to said first axis on the plane
of said fixed frame (2).

The optical deflector as set forth in claim 1, further
comprising:

a movable frame (7), provided between said first
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and second piezoelectric actuators (3a, 3b) and
said mirror (1); and

third and second piezoelectric actuators (8a, 8b)
provided opposite to each other with respect to
said mirror, for rocking said mirror (1) around a
second axis on the plane of said fixed frame (2),
said second axis being perpendicular to said first
axis.

The optical deflector as set forth in claim 5, wherein
said third piezoelectric actuator (8a) is of a meander-
type which includes a plurality of third piezoelectric
cantilevers (8a-1, 8a-2, 8a-3, 8a-4) folded at third
folded portions and coupled from said movable
frame (7) to said mirror (1),

wherein said fourth piezoelectric actuator (8b) is of
a meander-type which includes a plurality of fourth
piezoelectric cantilevers (8b-1, 8b-2, 8b-3, 8b-4)
folded at fourth folded portions and coupled from said
movable frame (7) to said mirror (1),

said optical deflector further comprising a third cross-
ing bar (9) coupled between one of said third folded
portions and one of said fourth folded portions sym-
metrically located with respect to said mirror (1).

The optical deflector as set forth in claim 6, further
comprising a fourth crossing bar (10) coupled be-
tween another of said third folded portions and an-
other of said fourth folded portions symmetrically lo-
cated with respect to said mirror.

The optical deflector as set forth in claim 6, wherein
the one of said third folded portions and the one of
said fourth folded portions are closest ones to said
mirror (1).

The optical deflector as set forth in claim 7, wherein
the one of said third folded portions and the one of
said fourth folded portions are the closest ones to
said mirror (1), and the other of said third folded por-
tions and the other of said fourth folded portions are
the second closest ones to said mirror (1),

said third and fourth crossing bars (9, 10) being lo-
cated oppositely to each other with respect to a sec-
ond axis perpendicular to said first axis on the plane
of said fixed frame (2).

Patentanspriiche

Optische Ablenkvorrichtung, die Folgendes auf-
weist:

einen Spiegel (1);

einen feststehenden Rahmen (2), der den Spie-
gel (1) umgibt; und

erste und zweite piezoelektrische Betatigungs-
vorrichtungen (3a, 3b) einer Maander- bzw.
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Windungsbauart, die gegentberliegend zuein-
ander in Bezug auf den Spiegel (1) vorgesehen
sind, um den Spiegel (1) um eine erste Achse
auf einer Ebene des feststehenden Rahmens
(2) zu schwenken,

wobei die erste piezoelektrische Betatigungs-
vorrichtung (3a) eine Vielzahl von ersten piezo-
elektrischen Kragarmen bzw. Tragern (3a-1, 3a-
2, 3a-3, 3a-4) aufweist, die bei ersten Faltteilen
(Fbqo, Fbys, Fbay) gefaltet sind und mit dem fest-
stehenden Rahmen (2) gekoppelt sind,

wobei die zweite piezoelektrische Betatigungs-
vorrichtung (3b) eine Vielzahl von zweiten pie-
zoelektrischen Kragarmen bzw. Tragern (3b-1,
3b-2, 3b-3, 3b-4) aufweist, die bei zweiten Falt-
teilen (Fb4,, Fbys, Fbs,) gefaltet und mit dem
feststehenden Rahmen (2) gekoppelt sind;
wobei sich die ersten und zweiten Faltteile zwi-
schen piezoelektrischen Tragern befinden,
wobei die ersten piezoelektrischen Trager (3a-
1, 3a-2, 3a-3, 3a-4) und die zweiten piezoelek-
trischen Trager (3b-1, 3b-2, 3b-3, 3b-4) symme-
trisch in Bezug auf eine zweite Achse gelegen
sind, die senkrecht zu der ersten Achse auf der
Ebene des feststehenden Rahmens (2) ist,
wobei wenn eine Gruppe mit ungerader Anzahl
der ersten piezoelektrischen Trager (3a-1, 3a-
3) und eine Gruppe ungerader Anzahl der zwei-
ten piezoelektrischen Trager (3b-1, 3b-3) von
dem feststehenden Rahmen (2) in einer Rich-
tung gebogen werden, eine Gruppe mit gerader
Anzahl der ersten piezoelektrischen Trager (3a-
2, 3a-4) und eine Gruppe mit gerader Anzahl
der zweiten piezoelektrischen Trager (3b-2, 3b-
4) von dem feststehenden Rahmen (2) in einer
anderen Richtung gebogen werden,

wobei die optische Ablenkvorrichtung ferner ei-
ne erste Querstange (4) aufweist, die zwischen
einen der ersten Faltteile (Fa,,, Fays, Fas,) und
einen der zweiten Faltteile (Fb4,, Fb,3, Fbs,) an-
gekoppelt ist, und zwar symmetrisch in Bezug
auf den Spiegel (1) angeordnet.

2. Optische Ablenkvorrichtung gemaR Anspruch 1, die

ferner eine zweite Querstange (5) aufweist, die zwi-
schen einen weiteren der ersten Faltteile (Fa,,, Fays,
Fas,) und einen weiteren der zweiten Faltteile (Fb,,,
Fb,s, Fby,) angekoppelt ist, und zwar symmetrisch
in Bezug auf den Spiegel angeordnet.

Optische Ablenkvorrichtung gemaf Anspruch 1, wo-
bei der eine (Fas,) der ersten Faltteile und der eine
(Fbsy,) der zweiten Faltteile am dichtesten an dem
Spiegel (1) sind.

Optische Ablenkvorrichtung gemaf Anspruch 2, wo-
bei der eine (Fas,) der ersten Faltteile und der eine
(Fbsy) der zweiten Faltteile die dichtesten an dem
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Spiegel (1) sind, und der andere (Fa23) der ersten
Faltteile und der andere (Fb,3) der zweiten Faltteile
die zweitdichtesten an dem Spiegel (1) sind, wobei
die ersten und zweiten Querstangen (4, 5) gegenu-
berliegend zueinander in Bezug auf eine zweite Ach-
se gelegen sind, die senkrecht zu der ersten Achse
ist, und zwar auf der Ebene des feststehenden Rah-
mens (2).

Optische Ablenkvorrichtung gemaR Anspruch 1, die
ferner Folgendes aufweist:

einen bewegbaren Rahmen (7), der zwischen
den ersten und zweiten piezoelektrischen Beta-
tigungsvorrichtungen (3a, 3b) und dem Spiegel
(1) vorgesehen ist; und

dritte und zweite piezoelektrische Betatigungs-
vorrichtungen (8a, 8b), die gegenuberliegend
zueinander in Bezug auf den Spiegel vorgese-
hen sind, um den Spiegel (1) um eine zweite
Achse auf der Ebene des feststehenden Rah-
mens (2) zu schwenken, wobei die zweite Achse
senkrecht zu der ersten Achse ist.

Optische Ablenkvorrichtung gemaR Anspruch 5, wo-
bei die dritte piezoelektrische Betatigungsvorrich-
tung (8a) von einer Maander- bzw. Windungsbauart
ist, die eine Vielzahl von dritten piezoelektrischen
Tragern (8a-1, 8a-2, 8a-3, 8a-4) aufweist, die bei drit-
ten Faltteilen gefaltet sind und von dem bewegbaren
Rahmen (7) zu dem Spiegel (1) gekoppelt sind,
wobei die vierte piezoelektrische Betatigungsvor-
richtung (8b) von einer Maander- bzw. Windungs-
bauart ist, die eine Vielzahl von vierten piezoelektri-
schen Tragern (8b-1, 8b-2, 8b-3, 8b-4) aufweist, die
bei vierten Faltteilen gefaltet und von dem beweg-
baren Rahmen (7) zu dem Spiegel (1) gekoppelt
sind,

wobei die optische Ablenkvorrichtung eine dritte
Querstange (9) aufweist, die zwischen einem der
dritten Faltteile und einem der vierten Faltteile an-
gekoppelt ist, und zwar symmetrisch beziglich des
Spiegel (1) angeordnet.

Optische Ablenkvorrichtung gemaR Anspruch 6, die
ferner eine vierte Querstange (10) aufweisen, die
zwischen einem anderen der dritten Faltteile und ei-
nem anderen der vierten Faltteile angekoppelt ist,
und zwar symmetrisch in Bezug auf den Spiegel an-
geordnet.

Optische Ablenkvorrichtung gemaR Anspruch 6, wo-
bei der eine der dritten Faltteile und der eine der
vierten Faltteile die dichtesten an dem Spiegel (1)
sind.

Optische Ablenkvorrichtung gemaR Anspruch 7, wo-
bei der eine der dritten Faltteile und der eine der
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vierten Faltteile die dichtesten an dem Spiegel (1)
sind, und der andere der dritten Faltteile und der an-
dere der vierten Faltteile die zweitdichtesten an dem
Spiegel (1) sind,

wobei die dritten und vierten Querstangen (9, 10)
gegeniberliegend zueinander in Bezug auf eine
zweite Achse gelegen sind, die senkrecht zu der ers-
ten Achse auf der Ebene des feststehenden Rah-
mens (2) ist.

Revendications

Déflecteur optique comprenant :

un miroir (1) ;

un cadre fixe (2) entourant le miroir (1) ; et
des premier et deuxieéme actionneurs piézoélec-
triques (3a, 3b) d’'un type a méandres prévus
opposeés entre eux par rapport au miroir (1), pour
faire basculer le miroir (1) autour d’'un premier
axe sur un plan du cadre fixe (2),

le premier actionneur piézoélectrique (3a) com-
prenant une pluralité de premiers éléments pié-
zoélectriques en porte-a-faux (3a-1, 3a-2, 3a-3,
3a-4) pliés au niveau de premiéres portions
pliées (Faq,, Fays, Fas,) et couplés au cadre
fixe (2),

le deuxieme actionneur piézoélectrique (3b)
comprenant une pluralité de deuxiémes élé-
ments piézoélectriques en porte-a-faux (3b-1,
3b-2, 3b-3, 3b-4) pliés au niveau de deuxiemes
portions pliées (Fb,, Fbos, Fbs,) et couplés au
cadre fixe (2),

chacune des premiéres et deuxiémes portions
pliées étant située entre des éléments piézoé-
lectriques en porte-a-faux,

les premiers éléments piézoélectriques en por-
te-a-faux (3a-1, 3a-2, 3a-3, 3a-4) et les deuxie-
mes éléments piézoélectriques en porte-a-faux
(3b-1, 3b-2, 3b-3, 3b-4) étant situés de fagon
symétrique par rapport a un deuxiéme axe per-
pendiculaire au premier axe sur le plan du cadre
fixe (2),

dans lequel, lorsqu'un groupe a numeéros im-
pairs des premiers éléments piézoélectriques
en porte-a-faux (3a-1, 3a-3) et un groupe a nu-
méros impairs des deuxiemes éléments piézoé-
lectriques en porte-a-faux (3b-1, 3b-3) prove-
nant du cadre fixe (2) sont fléchis dans une cer-
taine direction, un groupe a numéros pairs des
premiers éléments piézoélectriques en porte-a-
faux (3a-2, 3a-4) et un groupe a numéros pairs
des deuxiémes éléments piézoélectriques en
porte-a-faux (3b-2, 3b-4) provenant du cadre
fixe (2) sont fléchis dans une autre direction,

le déflecteur optique comprenant en outre une
premiere barre transversale (4) couplée entre
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I'une des premiéres portions pliées (Fa,, Fays,
Fas,) et 'une des deuxiémes portions pliées
(Fbqo, Fbys, Fbay) situées symétriquement par
rapport au miroir (1).

Déflecteur optique selon larevendication 1, compre-
nant en outre une deuxieme barre transversale (5)
couplée entre une autre des premiéres portions
pliées (Fa,,, Fays, Fas,) etune autre des deuxiémes
portions pliées (Fb4,, Fboys, Fbs,) situées de fagcon
symétrique par rapport au miroir.

Déflecteur optique selon la revendication 1, dans le-
quel ladite une (Fas,) des premiéres portions pliées
et ladite une (Fbs,) des deuxiémes portions pliées
sont celles qui sont les plus proches du miroir (1).

Déflecteur optique selon la revendication 2, dans le-
quel ladite une (Fas,) des premiéres portions pliées
et ladite une (Fbs,) des deuxiémes portions pliées
sont celles qui sont les plus proches du miroir (1), et
I'autre (Fa,3) des premiéres portions pliées et 'autre
(Fbys) des deuxiémes portions pliées sont les
deuxiémes plus proches du miroir (1),

les premiere et deuxiéme barres transversales (4,
5) étant situées opposées en elles par rapport a un
deuxiéme axe perpendiculaire au premier axe sur le
plan du cadre fixe (2).

Déflecteur optique selon larevendication 1, compre-
nant en outre :

un cadre mobile (7), prévu entre les premier et
deuxiéme actionneurs piézoélectriques (3a, 3b)
et le miroir (1) ; et

des troisieme et deuxiéme actionneurs piézoé-
lectriques (8a, 8b) prévus opposés entre eux par
rapport au miroir, pour faire basculer le miroir
(1) autour d’'un deuxiéme axe sur le plan du ca-
dre fixe (2), le deuxiéme axe étant perpendicu-
laire au premier axe.

Déflecteur optique selon la revendication 5, dans le-
quel le troisiéme actionneur piézoélectrique (8a) est
d’un type a méandres qui inclut une pluralité de troi-
siémes éléments piézoélectriques en porte-a-faux
(8a-1, 8a-2, 8a-3, 8a-4) pliés au niveau de troisiemes
portions pliées et couplés a partir du cadre mobile
(7) au miroir (1),

dans lequel le quatriéme actionneur piézoélectrique
(8b) est d’un type a méandres qui comprend une
pluralité de quatriemes éléments piézoélectriques
en porte-a-faux (8b-1, 8b-2, 8b-3, 8b-4) pliés au ni-
veau de quatriemes portions pliées et couplés a par-
tir du cadre mobile (7) au miroir (1),

le déflecteur optique comprenant en outre une troi-
siéme barre transversale (9) couplée entre 'une des
troisiemes portions pliées et 'une des quatriemes
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portions pliées situées de fagon symétrique par rap-
port au miroir (1).

Déflecteur optique selon la revendication 6, compre-
nant en outre une quatri€me barre transversale (10)
couplée entre une autre des troisiemes portions
pliées et une autre des quatriemes portions pliées
situées de fagon symétrique par rapport au miroir.

Déflecteur optique selon la revendication 6, dans le-
quel ladite une des troisiémes portions pliées et la-
dite une des quatriemes portions pliées sont celles
qui sont les plus proches du miroir (1).

Déflecteur optique selon la revendication 7, dans le-
quel ladite une des troisiémes portions pliées et la-
dite une des quatriemes portions pliées sont celles
qui sont les plus proches du miroir (1), et I'autre des
troisiemes portions pliées et I'autre des quatriemes
portions pliées sont les deuxiémes plus proches du
miroir (1),

les troisieme et quatrieme barres transversales (9,
10) étant situées opposées entre elles par rapport a
un deuxiéme axe perpendiculaire au premier axe sur
le plan du cadre fixe (2).
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