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ABSTRACT

Fabrication and electrical and mechanical properties of piezoelectric micro bending actuators (PMBA) using sol-gel
multi-coated thick PZT films and MEMS processes were investigated. PMBA could be used for design and fabrication
of micro fluidic devices, for example, micro-pumps, micro dispensers, and so on. PMBA were fabricated using 2 um-
thick PZT films on Pt (350 nm)/SiO, (500 nm)/Si (300 um) substrates and MEMS processes. 7 types of PMBA were
fabricated with areas of silicon diaphragms, PZT films and top electrodes. When the sizes of silicon diaphragms, PZT
films and Pt top electrodes were reduced from 30001389 um, 4000x1000 um and 4000x900 um down to 14%, 14%
and 11% of them, respectively, the center displacements of PMBA were decreased from 0.68 um to 0.10 um at 5 Hz and
12 Vpp. So, PMBA with large areas showed larger displacements than PMBA with small areas and experimental results

were also good agreement with the plate and shell theory.
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1. Introduction

Piezoelectric micro-bending actuator is a piezoelec-
tric body adhered on elastic body. If an electrical field
is applied to z-axis, the piezoelectric body expands
along z-axis and contracts along the x- and y-axis. The
elastic body is deflected due to the generated bending
moment. Displacements and forces from the piezoelec-
tric bending actuators can be used for micro-pump,
drug delivery system, motor and micro phone and so
onf1-6].

In order to design the piezoelectric actuators,
bimorph model [7], multi-morph model [8], or gen-
eral plate theory are used. Bending type actuators such
as PZT-FBAR(film bulk acoustic resonator), PZT gas
sensors, micro pump were reported for |L-TAS (total
analysis system) applications, but bending type actua-
tors using thick PZT films have been seldom reported.
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Also thick PZT films were required for micro size
devices applications such as micro pump, micro
phone, SAW device and so on [9-14].

From the plate and shell theory [15], the displace-
ments 8(r) at any radial point r from the center of the
membrane can be shown to be:

() =A d;(R*- %) U2¢ 1)

where R is the radius and ¢t is the thickness of the
piezoelectric disc and dj; is the piezoelectric charge
constant in the directional normal to the disc. From
equation (1), the maximum deflection of the mem-
brane which occurs at the center of the disc is propor-
tional to applied voltage U. The X is constant.

Integration equation (1), we obtain the pump flow
rate as:

Q=A-mA4-Udy RY )

where, f is the frequency of the excitation voltage.
The flow rate is thus seen to be a linear function of
the applied voltage and excitation frequency. It offers
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the possibility of controlling the pump flow rate
through the applied voltage and excitation frequency.

In this report, fabrication and electrical and mechan-
ical properties of piezoelectric micro bending actua-
tors (PMBA) for design and fabrication of micro
pumping devices using sol-gel multi-coated thick PZT
films and MEMS processes were investigated.

2. Experiment

2.1. Fabrication

Fig. 1 shows the fabrication flow of PMBA using
thick PZT film and MEMS pfocesses. Piezoelectric
micro-bending actuators were fabricated by using 2
pm-thick PZT films on Pt (350 nm)/SiO; (500 nm)/Si
(300 um) and dry etching process of Pt and PZT films,
and Si wet etching of the backside of substrate. They
were fabricated with various Pt top electrodes, PZT and
diaphragm sizes. Top electrode, PZT of front side and
SiO, of back side for silicon diaphragm definition after
passivation using thick AZ1512 photoresist were pat-
Finally, bulk silicon
micromachining was done using 20 wt% TMAH solu-

temed using RIE processes.

tion at 80°C. During agitation using magnetic stirrer, a
protection jig for front side passivation was used. Sili-
con etching rate was about 0.9~1 pm.
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Fig. 1. Fabrication flow of PMBA using thick PZT film.
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2.2. Measurement

2.2.1. Electrical properties

The dielectric and ferroelectric properties of the
PZT films were measured using an impedance ana-
lyzer (HP 4194A) and a P-E measurement system
(Precision Pro, Radiant Technologies) after top Pt elec-
trode deposition, respectively. Samples for measuring
effective transverse piezoelectric coefficient (es ¢)
using thick PZT films with thicknesses of 2 pum were
fabricated using MEMS processes. They were charac-
terized by using a self-fabricated e;; ¢ measurement
system before and after poling. The e3¢ was calcu-
lated from the measured charge (Q) produced by an
outer input force and parameters of electrode geome-
try at specimens [14].

Optical fiber

Focusing lens

Function generator

Laser interferro meter
Polytec vibrometer
OFV-31/OFV-50$

i

Oscilloscope;
ch. 1ch.2

NN

Displacement output

Fig. 2. Measurement system for dynamic displacement using
laser interferometer.

2.2.2. Mechanical properties

Fig. 2 shows schematic illustration of displacement
measurement system for PMBA fabricated as shown
in Fig. 1. Center displacements with frequency were
measured using laser interferometer (Polytec OFV-502
and Polytec OFV-301). Displacement of those with dia-
phragm sizes and frequency were measured by a laser
interferometer. The frequency of input square wave sig-
nal was 5 Hz, which was much less than the mechani-
cal resonance frequency of the bending actuators.

3. Results and Discussions

3.1. Electrical properties
Dielectric constant, dielectric loss, P, and e3¢ of 2
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ptm-thick PZT film on Pt (350 nm)/SiO, (500 nm)/Si
(300 pm) were 860 at 1kHz, 2.5% at 1kHz, 33 uClem?,
and 9.86 C/m’ at 3 Hz before poling and 46.9 C/m? at 3
Hz after poling, respectively. The value of P, after com-
plete fabrication of PMBA using MEMS process was
decreased from 33 pCl/cm’® to about 22 pCl/em® due to
degradation of PZT film properties during MEMS proc-

€sses.

3.2. Mechanical properties

For evaluation of mechanical properties of thick
PZT films, 7types of piezoelectric micro-bending
actuators were prepared by MEMS process.

Table 1 shows silicon diaphragm, PZT and top elec-
trode sizes of 7 types PMBA.

Cross sectional FESEM images of one of fabri-
cated PMBA as shown in Fig. 3.

Fig. 4 shows fabricated silicon diaphragm thick-
nesses of 7 types of PMBA. They were in the range
of 12pum to 20 um. It was thought that differences
were occurred from different silicon etching rates at
local area of wafer surface. So, the control of uni-
form silicon etching rate was important to fabricate
PMBA with uniform silicon diaphragm thicknesses.

Fig. 5 shows the center displacements of the bend-

ing actwators of various silicon diaphragms and top
electrode sizes by applying the square wave voltage of
12 V,, and frequency of 5 Hz. For comparison, we
could observe the size effect at same input signal and
obtain a large displacement more than 100 nm. Center
displacements of PMBA were decreased from 0.68
pum to 0.10 um at same driving conditions of the
square wave voltage of 12 V,,, and frequency of 5 Hz
with decreasing areas from silicon diaphragm size of
3000x1389 um, PZT size of 4000x1000 um, and top
electrode size of 4000x900 um down to 14%, 14%,
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Fig. 4. Fabricated silicon diaphragm thicknesses of 7 types
PMBA.

Table 1. Silicon diaphragm, PZT and top electrode sizes of 7 types PMBA.

No

Size (um) ! 2 3

4 5 6 7

Si Diaphragm

3000 by 138913000 by 1042 3000 by 694

3000 by 486 | 3000 by 347 | 3000 by 278 | 3000 by 194

PZT 4000 by 1000{4000 by 750

4000 by 500

4000 by 350 [ 4000 by 250 [ 4000 by 200 | 4000 by 140

Top Electrode

4000 by 900 [4000 by 650 | 4000 by 400

4000 by 250 [ 4000 by 150 [ 4000 by 140 | 4000 by 100

Fig. 3. Cross sectional FESEM images of one of fabricated PMBA samples.
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Fig. 5. Center displacements of 7 types of PMBA actuated
at 12 V, and 5 Hz.

and 11% of them, respectively. So, PMBA with large
areas showed larger displacements than PMBA with
small areas and experimental results were also good
agreement with the plate and shell theory.

4. Conclusions

In this report, fabrication and electrical and mechanical
properties of piezoelectric micro bending actuators
(PMBA) using sol-gel multi-coated thick PZT films and
MEMS processes were investigated. Piezoelectric micro
bending actuators (PMBA) were fabricated using 2 pm-
thick PZT films on Pt (350 nm)/SiO;, (500 nm)/Si (300
pim) substrates and MEMS processes. 7 types of PMBA
were fabricated with areas of silicon diaphragms, PZT
films and top electrodes. When the sizes of silicon dia-
phragms, PZT films and Pt top electrodes were reduced
from 3000x1389 pm, 4000x1000 um and 4000x900 pm
down to 14%, 14% and 11% of them, respectively, the
center displacements of PMBA were decreased from 0.68
pum to 0.10 um at 5 Hz and 12 V. So, PMBA with
large areas showed larger displacements than PMBA
with small areas and was also suitable for micro pump-
ing devices using volume change of chamber.
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