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Description
AN INDEPENDENT TWO-AXIS MICRO-
ELECTRO-MECHANICAL SYSTEMS MIRROR USING A

PIEZOELECTRIC FORCE
Technical Field

The present invention relates to a micro-electro-mechanical systems (MEMS)
mirror. More particularly, this invention relates to an independent two-axis MEMS
mirror that can be independently actuated in a first axis direction and a second axis
direction, orthogonal to each other, using a piezoelectric force, thereby significantly
improving the fill-factor.

Background Art

Recently, micro-electro-mechanical systems (MEMS) have been employed in
various devices. This technology is comprised of a computer combined with a small
mechanism, such as a sensor valve, a gear, a reflector and a semiconductor chip ma-
nipulator, etc. MEMS, also referred to as a smart meter, are a device with a mi-

crocircuit inside a small silicon chip, installed into mechanical apparatuses such as a

reflector or a sensor. For example, MEMS are utilized in a variety of applications, such

as a device inflating an air bag to match a passenger's weight with a vehicle's speed as

detected by the air bag, a global positioning system (GPS) sensor that reads a
continuous track of freight transportation, a treatment process for freight trans-
portation, an interactive sensor for sensing changes in the air flow on the surface of
airplane wings according to the air resistance and performing a corresponding

operation according to the sensing result, an optical switch for outputting an optical

signal at 20 nanometers per second, a sensor-manipulated heating/cooling device, and

a sensor installed in a building for changing the flexibility of matter that reacts to at-
mospheric pressure. MEMS enhance the performance of their applications but, on the
contrary, reduce the size of the products and the maintenance fees, so that they can be
adapted to a variety of fields.

Such MEMS can be also adapted to a mirror. The mirror employing MEMS
(hereinafter referred to as an MEMS mirror) is divided into a mirror using an elec-

trostatic force, a mirror using an electromagnetic force, a mirror using a thermal de-

formation, and a mirror using a piezoelectric force, according to a method for driving a

mirror. In particular, the mirror using an electrostatic force is further divided according

to whether it is driven by a parallel-plate drive method or a comb-drive method.

Each of the driving methods illustrated above has a specific feature, in comparison

with other driving methods. In particular, the driving method using a piezoelectric
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force, which will be described in the present invention, is advantageous in that: (1) a
relatively large displacement can be achieved by a low driving voltage; (2) power
consumption is very low; and (3) driving can be easily controlled due to the linear re-
lationship between the displacement and voltage, in comparison with other driving
methods. However, there have been few known cases where a driving method using a
piezoelectric force has been applied to an MEMS mirror. Although such a case exists,
the driving method causes a very low fill-factor and thus is not suitable for an MEMS
mirror array. In particular, there are not any known examples where a two-axis MEMS
mirror is tilted in the orthogonal directions by using a piezoelectric force. Therefore, a
new MEMS mirror is required which can cause a high fill-factor suitable for the imple-
mentation of an MEMS mirror array and can be actuated independently in the two axes

using a piezoelectric force.
Disclosure of Invention

Technical Problem

The present invention solves the above problems, and provides an independent two-
axis micro-electro-mechanical systems mirror that can be independently actuated in a
first axis direction and a second axis direction, orthogonal to each other, using a
piezoelectric force, thereby significantly improving the fill-factor.
Technical Solution

In accordance with an exemplary embodiment of the present invention, the present
invention provides an independent two-axis micro-electro-mechanical systems
(MEMS) mirror using a piezoelectric force including: a base plate; silicon layers
formed on the base plate; piezoelectric actuating part layers for tilting the MEMS
mirror with respect to a first axis and a second axis, which are orthogonal to each
other, the piezoelectric actuating part layers including a piezoelectric material, being
formed on the silicon layers, and including a first symmetric part and a second
symmetric part, which are symmetrically formed and separated from each other; a pair
of mirror pedestals disposed in the first symmetric part and the second symmetric part,
respectively, on the silicon layers; and a mirror plate mounted onto the pair of mirror
pedestals. Here, the first symmetric part and the second symmetric part each include: a
first piezoelectric actuating part formed as a first shape (
M
) including a rotation axis close to and across the center portion of the mirror plate; and
a second piezoelectric actuating part formed as a second shape (

M

) wrapping the mirror pedestal within the first shape (
-
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) of the first piezoelectric actuating part. Also, the silicon layers and the piezoelectric
actuating part layers include: fixed parts, serving as a fixed axis of rotation of the
MEMS mirror with respect to the first axis, which are fixed to the base plate by both
ends of the first shape (
M
) of the first piezoelectric actuating part. In addition, the second piezoelectric actuating
part includes a coupling point, serving as a fixed axis of rotation of the MEMS mirror
with respect to the second axis, which is coupled by a center portion of the second
shape (
r
) and the rotation axis.

Preferably, the piezoelectric actuating part layers each include an upper electrode, a

piezoelectric material, and a lower electrode in that order.

Advantageous Effects

As described above, the independent two-axis micro-electro-mechanical systems
mirror, according to the present invention, can be independently actuated in a first axis
direction and a second axis direction, orthogonal to each other, using a piezoelectric
force, thereby significantly improving the fill-factor.
Brief Description of the Drawings

The features and advantages of the present invention will be more apparent from the
following detailed description in conjunction with the accompanying drawings, in
which:

Figure 1 is a view that explains an operating principle of a piezoelectric actuator;
and

Figure 2 is a view illustrating an independent two-axis micro-electro-mechanical
systems mirror using a piezoelectric force according to an embodiment of the present

invention.

<Brief Description of Symbols in the Drawings>

210: fixed part

220: upper electrode

230: piezoelectric material

240: lower electrode

250: base plate

300: MEMS mirror using a piezoelectric force (according to an embodiment of the
present invention)

310: silicon layer
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312: portion for mirror pedestal

314: fixed part

320: piezoelectric actuating part layer

322: first symmetric part

323: second symmetric part

324: rotation axis

326: first piezoelectric actuating part

328: second piezoelectric actuating part

329: coupling point of rotation with respect to the Y-axis
330: mirror pedestal

340: mirror plate
Best Mode for Carrying Out the Invention

Now, preferred embodiments of the present invention will be described in detail
with reference to the accompanying drawings.

Figure 1 is a view that explains an operating principle of a piezoelectric actuator.
The piezoelectric actuator is fixed to a fixed part 210, and includes an upper electrode
220, a piezoelectric material 230, a lower electrode 240, and a base plate 250 in order.
The piezoelectric actuator operates in such a way that: when voltage is applied to the
upper and lower electrodes 220 and 240, the piezoelectric material 230 therebetween
shrinks and accordingly the piezoelectric actuator undergoes an upward rotational dis-
placement with respect to the fixed part 210 as illustrated by an arrow in Figure 1.
When a mirror plate is mounted onto the upper electrode 220 of the piezoelectric
actuator and the piezoelectric actuator is operated, it is lifted up by the upward
rotational displacement. The present invention is implemented by applying the
operating principle of the piezoelectric actuator to an MEMS mirror.

Figure 2 is a view illustrating an independent two-axis MEMS mirror using a
piezoelectric force according to an embodiment of the present invention. As shown in
Figure 2, the MEMS mirror 300 is configured in such a way that: silicon layers 310 are
formed at both sides on a base plate (not shown); piezoelectric actuating part layers
320 including a piezoelectric material are formed on the silicon layers 310 and are in-
dependently actuated with respect to the x-axis and y-axis; a pair of mirror pedestals
330 are disposed at symmetrical positions on the silicon layers 310; and a mirror plate
340 is mounted onto the pair of mirror pedestals 330.

The he piezoelectric actuating part layer 320 and mirror pedestal 330 are mounted
on the silicon layer 310. As shown in Figure 2, the four points of the fixed part 314,
which are, correspondingly and respectively, close to the vertexes of the rectangular

MEMS mirror 300, and the piezoelectric actuating part layer 320 are fixed to the base
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plate. The fixed part 314 serves as a fixed point when a first piezoelectric actuating
part 326 of the piezoelectric actuating part layer 320 is displaced by a piezoelectric
force. Also, the silicon layer 310 further includes a portion 312 in which a pair of
mirror pedestals 330 are formed, so that the pair of mirror pedestals 330 do not directly
contact the base plate. That is, the pair of mirror pedestals 339 are mounted on the
silicon layer 310, which is fixed to the base plate by only the four points of the fixed
parts 314, and thus floated with respect to the base plate. Therefore, the mirror plate
340 can be tilted free from the base plate.

The piezoelectric actuating part layer 320 is configured to include a first symmetric
part 322 and second symmetric part 323 which are symmetrically shaped and separated
from each other. The first and second symmetric parts 322 and 323 are each configured
in such a way that: a rotation axis 324 is close to and across the center portion of the
mirror plate 340; a first piezoelectric actuating part 326 is formed as a first shape (

-

) by the rotation axis 324 and the fixed part 314 and allows the MEMS mirror to tilt
with respect to a first axis, in which the fixed part 314 serves as a fixed point of
rotation with respect to the first axis; and a second piezoelectric actuating part 328 is
formed as a second shape (

n

) wrapping the mirror pedestal 330 within the first shape (

n

) of the first piezoelectric actuating part 326, and includes a coupling point 329 that
couples the center side of the second shape (

M

) to the rotation axis 324, so that the MEMS mirror can be tilted with respect to a
second axis, in which the coupling point 329 serves as a fixed axis of rotation with
respect to the second axis.

The mirror pedestals 330 are placed at the portions 312 on the silicon layers 310,
i.e., at the symmetrical locations of the first and second symmetric parts 322 and 323.
The mirror pedestals 330 serves as columns supporting the mirror plate 340.

The mirror plate 340 mounted on the mirror pedestals 330 is tilted in such a way
that one of the four directions, front, rear, left and right, is pushed and lifted up by a
driving force generated by the piezoelectric actuating part layer 320. When the front
and rear portions of the mirror plate 340 are pushed and lifted up, the mirror plate 340
is tilted with respect to the Y-axis. On the contrary, when the left and right portions are
pushed and lifted up, the mirror plate 340 is tilted with respect to the X-axis.

Referring to Figure 2, the operating principle of the MEMS mirror 300 will be

described in detail as follows.
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Regarding the operating principle with respect to the X-axis: When a voltage is

applied to the left sides of the first shapes (

n

) of the first and second symmetric parts 322 and 323, respectively, the first
piezoelectric actuating part 326 causes an upward rotation displacement with respect to
the fixed part 314 as a fixed axis (see the X-axis rotation indicated by a red arrow in
Figure 2). Therefore, a driving force is generated to lift up the left side of the mirror,
1.e., the mirror is rotated clockwise with respect to the X-axis. Similarly, when a
voltage is applied to the right sides of the first shapes (

n

) of the first and second symmetric parts 322 and 323, respectively, a driving force is
generated to lift up the right side of the mirror, i.e., the mirror is rotated counter-
clockwise with respect to the X-axis.

Regarding the operating principle with respect to the Y-axis: When a voltage is
applied to both sides of the second shapes (

A

) of the first symmetric part 322, the second piezoelectric actuating part 328 causes an
upward rotation displacement with respect to the coupling point 329 as a fixed axis
(see the Y-axis rotation indicated by a red arrow in Figure 2). Therefore, a driving
force is generated to push and lift up the lower side of the mirror, i.e., the mirror is
rotated with respect to the Y-axis. Similarly, when a voltage is applied to both sides of
the second shapes (

M

) of the second symmetric part 323, a driving force is generated to push and lift up the
upper side of the mirror with respect to the coupling point 329 as a fixed axis, and thus
the mirror is rotated, with respect to the X-axis, in the opposite direction to the case
where a voltage is applied to both sides of the second shapes (

-

) of the first symmetric part 322.

The rotation with respect to the Y-axis is performed independently of the rotation
with respect to the X-axis. That is, regardless of whether the first piezoelectric
actuating part 326 performs a rotating operation with respect to the X-axis, the second
piezoelectric actuating part 328 placed in the first piezoelectric actuating part 326 is
actuated with respect to the rotation axis 324 as a fixed axis (i.e., the coupling point
329 as a part of the rotation axis 324). That is, the MEMS mirror using a piezoelectric
force, according to the present invention, is configured to minimize a mechanical
coupling between the X-axis rotation and Y-axis rotation.

A simulation result of an independent two-axis MEMS mirror using a piezoelectric
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force, which is designed according to an embodiment of the present invention, is as
follows. When the bias voltage is 50 V, the MEMS mirror can be tilted clockwise by
3.9 with respect to the X-axis, and the MEMS mirror can be tilted in a direction by 3.0
with respect to the Y-axis. This result indicates that even a relatively low driving
voltage (50 V) can achieve a relatively large displacement: total 7.8 with respect to the
X-axis (3.9 x 2) and total 6.0 with respect to the Y-axis (3.0 x 2). That is, using a
piezoelectric force requires very low power consumption and makes it possible to
achieve a linear relationship between voltage and displacement, which is easy to
control. Therefore, the present invention can be widely used in a variety of ap-
plications.

Although the preferred embodiments of the present invention have been disclosed
for illustrative purposes, those skilled in the art will appreciate that various modi-
fications, additions and substitutions are possible, without departing from the scope

and spirit of the invention as disclosed in the accompanying claims.
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Claims

An independent two-axis micro-electro-mechanical systems (MEMS) mirror
using a piezoelectric force comprising:

a base plate;

silicon layers formed on the base plate;

piezoelectric actuating part layers for tilting the MEMS mirror with respect to a
first axis and a second axis, which are orthogonal to each other, the piezoelectric
actuating part layers including a piezoelectric material, being formed on the
silicon layers, and including a first symmetric part and a second symmetric part,
which are symmetrically formed and separated from each other;

a pair of mirror pedestals disposed in the first symmetric part and the second
symmetric part, respectively, on the silicon layers; and

a mirror plate mounted onto the pair of mirror pedestals,

wherein the first symmetric part and the second symmetric part each include: a
first piezoelectric actuating part formed as a first shape (

M

) including a rotation axis close to and across the center portion of the mirror
plate; and a second piezoelectric actuating part formed as a second shape (

M

) wrapping the mirror pedestal within the first shape (

n

) of the first piezoelectric actuating part,

wherein the silicon layers and the piezoelectric actuating part layers include:
fixed parts, serving as a fixed axis of rotation of the MEMS mirror with respect
to the first axis, which are fixed to the base plate by both ends of the first shape (
r

) of the first piezoelectric actuating part,

wherein the second piezoelectric actuating part includes a coupling point, serving
as a fixed axis of rotation of the MEMS mirror with respect to the second axis,
which is coupled by a center portion of the second shape (

A

) and the rotation axis.

The MEMS mirror according to claim 1, wherein the piezoelectric actuating part
layers each include an upper electrode, a piezoelectric material, and a lower

electrode in that order.
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