
1/31

F
IG

U
R

E
 1

A

10
0

12
2

11
8

11
2_

1
11

0_
1

11
2_

2

11
0_

2

11
8

10
2

12
4

10
6_

1

10
8_

1

10
4

11
7

10
8_

2

10
6_

2



2/31

F
IG

U
R

E
 1

B

10
0

11
8

11
2_

3

11
0_

311
0_

4

10
6_

1
10

4
10

8_
2

10
6_

2

11
8

10
8_

1 11
0_

1
11

0_
2

10
8_

3

12
0

11
2_

4

10
8_

4

11
2_

1
11

2_
2



3/31

F
IG

U
R

E
 2

B

ac
tu

at
or

 e
le

m
en

t st
ro

ke
 b

od
y

cl
am

p

fle
xi

bl
e

co
nn

ec
tin

g
el

em
en

t

11
8

10
6_

1

10
8_

1
10

4
10

8_
2

10
6_

2

11
8

11
8

11
8

10
6_

1
10

6_
2

10
8_

1

10
4

10
8_

2

F
IG

U
R

E
 2

A



4/31

se
pa

ra
tio

n 
la

ye
r

pa
ss

iv
e

la
ye

r

pi
ez

oe
le

ct
ric

la
ye

r

13
3

13
5

13
3a

13
3a

13
5

13
3b

13
3b

13
7

F
IG

U
R

E
 3

A
F
IG

U
R

E
 3

B
F
IG

U
R

E
 3

C
F
IG

U
R

E
 3

D



5/31

F
IG

U
R

E
 4

A

ac
tiv

e 
ar

ea
 (

13
0)

st
ro

ke
 b

od
y

ac
tiv

e 
ar

ea
 (

13
0)

st
ro

ke
 b

od
y

13
0

10
4c

10
4a

10
4

10
4b

13
0

10
4c

10
4a

10
4

10
4b

10
4d

F
IG

U
R

E
 4

B



6/31

ac
tiv

e 
ar

ea
 (

13
0)

st
ro

ke
 b

od
y

ac
tiv

e 
ar

ea
 (

13
0)

st
ro

ke
 b

od
y

13
0

10
4d

10
4a

10
4

10
4b

10
4c

10
4a

10
4

18
2

18
2

F
IG

U
R

E
 4

C
F
IG

U
R

E
 4

D

10
4c

13
0

10
4b

18
2

18
2

18
2



7/31

ac
tiv

e 
ar

ea
 (

13
0)

st
ro

ke
 b

od
y

ac
tiv

e 
ar

ea
 (

13
0)

st
ro

ke
 b

od
y

13
0

10
4a

10
4

13
0

10
4e

10
4

10
4f

F
IG

U
R

E
 4

E
F
IG

U
R

E
 4

F

10
4b

10
4d

10
4b

10
4a

10
4c



8/31

F
IG

U
R

E
 5

A
F
IG

U
R

E
 5

B

ac
tiv

e 
ar

ea
st

ro
ke

 b
od

y

ac
tu

at
or

cl
am

p
op

tio
na

l c
on

ne
ct

in
g

el
em

en
t

co
nn

ec
tin

g
el

em
en

t

10
8_

3

10
8_

2

10
8_

4

10
8_

1

10
4b

10
8_

6

10
8_

5
10

4c

10
4a

10
6_

1

10
4c

10
6_

4

10
4a

10
8_

4

10
8_

1

10
6_

1

10
6_

2

10
6_

2

10
8_

3

10
8_

2

10
4b

10
6_

3



9/31

F
IG

U
R

E
 5

C
F
IG

U
R

E
 5

D

10
4a

10
8_

4

10
4b

10
6_

2

10
4a

10
8_

1

10
4b

10
6_

4

10
4

10
6_

3

10
6_

1
10

6_
2

10
6_

4
10

6_
8

10
6_

1

10
4c

10
8_

8
10

8_
16

10
6_

5

10
4c

10
8_

1
10

8_
5

10
8_

9

10
8_

8



10/31

F
IG

U
R

E
 5

E

10
4a

10
4c

10
8_

2

10
8_

3

10
4b

10
8_

5
10

8_
6

F
IG

U
R

E
 5

F

10
4a

10
4c

10
8_

5

10
4b

10
6_

3

10
8_

1

10
6_

1

10
6_

2

10
8_

8
10

8_
4

10
6_

2

10
6_

4

10
8_

4

10
8_

1

10
6_

1



11/31

F
IG

U
R

E
 5

G

10
4c

10
4a

10
4b

10
6_

1

10
6_

4
10

8_
4

10
8_

1
10

6_
2

10
6_

3
10

8_
3

10
8_

2

F
IG

U
R

E
 5

H

10
4c

10
4a

10
4b

10
6_

1

10
6_

4

10
8_

4

10
6_

2

10
6_

3

10
8_

1

10
8_

3

10
8_

2



12/31

F
IG

U
R

E
 6

A
F
IG

U
R

E
 6

B

10
8_

1

fle
xi

on
 s

pr
in

g

10
8B

10
4

st
ro

ke
 b

od
y

ac
tu

at
or

10
6_

1
cl

am
p

ac
tu

at
or

10
8T

to
rs

io
n 

sp
rin

g

st
ro

ke
 b

od
y

10
8_

1
10

4

10
6_

1



13/31

F
IG

U
R

E
 6

C
F
IG

U
R

E
 6

D

10
8_

1

fle
xi

on
 s

pr
in

g
10

8B

10
4

ac
tu

at
or

10
6_

1

10
8B

st
ro

ke
 b

od
y

to
rs

io
n 

sp
rin

g
st

ro
ke

 b
od

y
10

4 10
8T

fle
xi

on
 s

pr
in

g

ac
tu

at
or

10
6_

1

to
rs

io
n 

sp
rin

g

10
8T

10
8_

1



14/31

F
IG

U
R

E
 6

E
F
IG

U
R

E
 6

F

10
8_

1

to
rs

io
n 

sp
rin

g
10

8T

st
ro

ke
 b

od
y

ac
tu

at
or

10
6_

1

10
4

fle
xi

on
 s

pr
in

g

10
4

ac
tu

at
or

10
8T

st
ro

ke
 b

od
y

10
6_

1

10
8_

1

to
rs

io
n 

sp
rin

g
10

8B

fle
xi

on
 s

pr
in

g

10
8B



15/31

F
IG

U
R

E
 7

A
F
IG

U
R

E
 7

B

10
6_

1

14
2

ac
tu

at
or

ar
ea

ac
tu

at
or

cl
am

p

se
ns

or
ar

ea

11
8

10
6_

2

14
2

ac
tu

at
or

ar
ea ac
tu

at
or

cl
am

p
14

0

se
ns

or
ar

ea

11
8

14
0



16/31

ac
tu

at
or

 e
le

m
en

t st
ro

ke
 b

od
y

11
8

10
6_

1

10
8_

1
10

4
10

8_
2

10
6_

2

11
8

F
IG

U
R

E
 8

10
0

15
0

ex
te

nd
ed

st
ro

ke
 b

od
y

fle
xi

bl
e

co
nn

ec
tin

g
el

em
en

t

cl
am

p



17/31

F
IG

U
R

E
 9

A

ac
tu

at
or

 e
le

m
en

t

10
8_

2
10

0

fle
xi

bl
e

co
nn

ec
tin

g
el

em
en

t
10

6_
2

10
8_

1

16
0

10
2

16
0

10
4

st
ro

ke
 b

od
y

11
8

fra
m

e

15
2

di
ap

hr
ag

m
15

0
ex

te
nd

ed
st

ro
ke

 b
od

y

15
0

ex
te

nd
ed

st
ro

ke
 b

od
y

15
2

di
ap

hr
ag

m
15

2
di

ap
hr

ag
m

11
8

fra
m

e

10
4

st
ro

ke
 b

od
y

11
8

fra
m

e

10
6_

1

F
IG

U
R

E
 9

B



18/31

F
IG

U
R

E
 1

0
A

ac
tu

at
or

 e
le

m
en

t

10
8_

1
10

0

fle
xi

bl
e

co
nn

ec
tin

g
el

em
en

t
10

6_
2

10
8_

2

10
2

10
4

st
ro

ke
 b

od
y

11
8

fra
m

e

15
2

di
ap

hr
ag

m

15
2

di
ap

hr
ag

m

11
8

fra
m

e

10
4

st
ro

ke
 b

od
y

11
8

fra
m

e

10
6_

1

F
IG

U
R

E
 1

0
B



19/31

F
IG

U
R

E
 1

1
A

10
0

10
2

11
8

fra
m

e

15
2

di
ap

hr
ag

m

15
2

di
ap

hr
ag

m

11
8

fra
m

e

11
8

fra
m

e

10
6_

1

F
IG

U
R

E
 1

1
B

10
4

st
ro

ke
 b

od
y

10
6_

2
ac

tu
at

or
 e

le
m

en
t

10
8_

1
fle

xi
bl

e
co

nn
ec

tin
g

el
em

en
t

10
8_

2

10
4

st
ro

ke
 b

od
y



20/31

F
IG

U
R

E
 1

2
A

-5
0

5
4 2 0

x1
03

-2 -4

10
8_

7
10

4b

10
4c

10
8_

6

10
6_

2

10
0

10
8_

3

10
4a

10
8_

2

10
6_

1

10
4

10
8_

1
10

8_
11

10
6_

410
8_

12
10

8_
5

10
8_

4
10

8_
9

10
6_

3
10

8_
10

10
8_

8



21/31

F
IG

U
R

E
 1

2
B

x1
03

0

-2

0

5

89
,7

59

80 50 304070 60 10 020

0

z
y

x
x1

03

4

2

su
rfa

ce
: t

ot
al

 d
is

pl
ac

em
en

t (
µ

m
]



22/31

F
IG

U
R

E
 1

3
A

-2
2

2

10
0

10
6_

1

0

0 -2

10
8_

2
10

8_
4

10
8_

1
10

8_
3

10
4b10

4c

10
4

10
4a

10
6_

2
x1

03



23/31

F
IG

U
R

E
 1

3
B

19
7,

59

z
x

2

0

x1
03

x1
03

0

2

18
0

12
0

80 6010
0

16
0

14
0

40 020

0

su
rfa

ce
: t

ot
al

 d
is

pl
ac

em
en

t (
µ

m
]

y



24/31

F
IG

U
R

E
 1

4
A

10
0

-5
0

5

4 2 0 -2 -4

10
4a

10
4d

10
4b

18
2

10
6_

6

10
4b

_
2

18
0

10
4b

_
1

10
6_

2

10
8_

3
10

6_
8

18
2

10
4d

_
1

10
4c

_
2

10
6_

4
10

8_
1

10
8_

2
10

6_
3

10
8_

4
10

6_
7

10
4d

_
2

10
8_

11
10

8_
8

10
8_

12

10
8_

6
10

8_
5

10
8_

9

10
8_

12

10
8_

10

10
4c

10
4c

_
1

18
2

10
6_

1

10
4a

_
1

10
4a

_
2

10
6_

5

18
2

x1
03



25/31

F
IG

U
R

E
 1

4
B

70
,1

97

304070 60 10 020

0

x1
03

0

-2

0
z

x
x1

03

2

4
5

50

su
rfa

ce
: t

ot
al

 d
is

pl
ac

em
en

t (
µ

m
]

y



26/31

F
IG

U
R

E
 1

5
A

-4
0

4
-2

2
4 0 -2 -4

10
4b

10
6_

8

10
0

10
4

10
8_

2
10

6_
3

10
6_

7

10
6_

6

10
8_

6

10
8_

7

10
8_

10

10
8_

11

10
8_

8
10

8_
12

10
8_

5
10

8_
9

10
6_

4
10

8_
3

10
8_

1

10
6_

2

10
6_

1

10
6_

5

10
4a

10
8_

4

10
4c

x1
03



27/31

F
IG

U
R

E
 1

5
B

70 60 50 30 20 10 040

73
,1

46

0

x1
03

y
z

x

2

4

0

0
2
0
0

4
0
0

6
0
0

-2
-2

0

2

4

x1
03



28/31

F
IG

U
R

E
 1

6
A

-5
0

5

4 2 0 -2 -4

10
8_

5
10

8_
1

10
6_

4

10
6_

1

10
8_

4
10

4a
15

0
10

6_
3

10
4b

10
8_

8
10

0

10
8_

7

10
4c

10
6_

2

10
8_

6
10

8_
2

10
8_

3

-5
0

5

4 2 0 -2 -4

x1
03



29/31

F
IG

U
R

E
 1

6
B

2

0

x1
03

z
x

x1
03

0
y

14
0

12
0

10
0

60 40 20 080

15
6,

22

0



30/31

Si
202

220

230

electrode 216
212
214

210
208
206

204

PZT

FIGURE 17A

230

insulation

214

210
208
206

204

FIGURE 17B

SiO2 216
212

214

210
208
206

204

FIGURE 17C

Si

216
212



31/31

F
IG

U
R

E
 1

8

M
EM

S
co

nt
ro

l
m

ea
ns

10
0

20
4

14
1

20
0

20
2


