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Abstract

In order to develop a bio-microdevice actuated by piezoelectric thin film for cell
culture, first, the design of the device was optimized by a finite element method
(FEM). ‘Moreover, lead. zirconate titanate (PZT) thin films to be used as an
actuator were fabricated by means of a sol-gel method and their crystallographic
structure was characterized by X-ray diffraction analysis. The patteming of PZT
thin films was also examined. :

Introduétion : -

There is currently a great deal of interest in regenerative medicine, which involves
tissue engineering to repair, replace or regenerate failing tissues and organs
using adult'stem cells [1-3]. In general, however, several chemical agents have
been used to enhance the tissue regeneration, leading to potential risks such as
the possibility oi:tzansmittilng mad cow disease.

On the :other hand, recent evidence actually suggests that cell functions such as
cell multiplication and gene transfer can be enhanced by applying mechanical
stimulation to cells [4]. This approach, which is unnecessary to provide any
accelerating agents, might be free of the potential risk of this infection. However,
theinfluence: of amplitude and ‘frequency. of vibration on the cell functions is not
yet obvious.. Therefore, based on micromachinirig technologies, we have been
developing a bio-microdevice actuated by piezoelectric thin film for screening and
optimization of the-influencing factors. B i

In this paper, first, we optimize the design of the‘device by a finite element method
(FEM). Moreover, we will describe the fabrication and pattering of lead zirconate
titanate (PZT) thin film to be used as an actuatog;

Design of bio-microdevice for cell culture. v
The bio-microdevice proposed here is shown in Figure 1. The optimum geometry
of the device was designed in accordance with FEM analysis. This device has a
number of -microchambers, each bottom of which consists of a silicon nitride
(SisNa) diaphragm:(100 x 100 x 1 micrometer), formed on a silicon (Si) substrate
in order to inimqllgéq?éélls to be cultured. In addition, PZT thin film with about 1
micrometer iii-thickness is fabricated on the SisN, diaphragm as an actuator,
giving mechanical stimulation to the cells. .

Figure 2a is an eéxample of the FEM simulations, showing the deflection
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Application of nanotechnologies to new functionalities S8P15 :

distribution of the diaphragm actuated by the PZT thin film. The maximum:
displacement at the center of the diaphragm was estimated to be about 80 nmj
when a voltage of 10 V was applied to the PZT thin film actuator.

Figure 2b shows the maximum deflection of the diaphragm as a function of the
applied voltage. The deflection (£) was found to be directly proportional to the
applied voltage (V), giving a numerical expression {=865V.

The -equivalent stress of the SisN, diaphragm was estimated to be 0.15 GPa,
when the diaphragm was actuated at a voltage of 10 V. This value was two orders

lower than-a.yleld stress of about 14 GPa for bulk SisN4 material. The fundamental -.

i
1

TN

resonance frequency for the device was also estimated to be 1.64 MHz high

enough to apply mechanical stimulation to the cells.

? =865V s B
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Fig.2 FEM simulation results showing displacement of diaphragm: (a) Cross-sectional vlew:
of diaphragm; (b) Applied voltage vs. displacement. E
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Fabrication and:characterization of PZT thin films

PZT thin films were formed in 3 layers up to about 0.24 micrometer in thickness
by a .sol-gel- method using a precursor solution (15 wt.%) with excess lead
content, Pb:Zr:Ti=1.15:0.52:048. Each layer was spin-coated on a Pt electrode
fayer-(100 nm thick) with a Ti adhesion layer (30 nm thick) undemeath sputtered
on a Si (100) substrate and pyrolysed on a hot plate (HP) to remove organic
materials. Rapid thermal annealing (RTA) in air was followed to crystallize the
PZT thin films into perovskite structure.

Figure 3 shows X-ray diffraction pattems of the PZT thin fims formed with
different pyrolysis time and annealing temperature. As the PZT film.was pyrolysed
at 300°C for 1 min and annealed at 600°C for 1 min, both perovskite and
undesirable pyrochlore phases were observed. On the other hand, the
crystallographic structure of the PZT film was almost completely transformed to
the desired perovskite structure with a (111)-preferred orientation, when pyrolysis
time increased to 10 min. After annealed at a temperature of 700°C, however,
pyrochlore phase appeared-again in the PZT films, independently of the pyrolysis
time, ‘probably due to Pb loss in the films during annealing [5]. In addition,
undesirable peéling off circular-shaped fragments from the PZT surface occurred.
It should be noted that throughput of the PZT fabrication process can be improved
significantly under the optimized conditions of pyrolysis at 320°C for 1 min and
annealing at 600°C for 1 min.
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RTA 6007

20 30 40 50 60
2? deg

Fig.3 X-ray diffraction pattems of PZT thin films showing effects of pyrolysis time and
annealing temperature. . .

%

Patterning of PZT thin films

Figure 4a shows an example of patterned PZT thin film. Although undercut profile
in the PZT thin film was observed due to low adhesion of g positive photoresist to
‘1 be used as an etching mask, the film before annealed was successfully patterned
-{. in a hydrochloric acid (HCI) solution. '

k1 Proc. of 5 euspen International Conference - Montpeliier - France - May 2005

382r9



Application of nanotechnologies to new functionalities S8P15

Figure 4b shows etch rate of the PZT films as a function of HCI concentration.
Etch rate increased with an increase in HC! concentration. The etch rate and
patteming accuracy were of 480 nm/min and within 3 micrometer at an HCI
concentration of 25%, respectively.
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Fig.4 (a) Optica" mlcrograph of PZT thin film etched in 25% HCI for 30 s; (b) Relation
between HC) concentration and etch rate.
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Conclusion

We -optimized the design of the bio-microdevice proposed here for cell culture.
FEM ariglysis revealed that the displacement of the SisN4 diaphragm actuated by
the PZT thin film was about 90 rim at an applied voltage of 10 V. Moreover, the
fabiication and patterning of sol-gel PZT thin films were successfully achieved
under-the optimized conditions for pyrolysis and annealing and in a HCI solution
using-a photoresist mask, respectively.
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Development of Bio-Microdevice Actuated by Piezoclectric Thin Film for Enhancement of Cell Functions

Toyohashi Un'iversity of Technology Norio YOSHIDA, Takayuki SHIBATA, Yoshiaki MIZUKAMI, Osamu HORIUCHL,
Ibaraki University Toru MASUZAWA, Tokyo Medical and Dental University Akio KISHIDA,
" Hirosaki University  Takashi MINETA, Eiji MAKINO

In order to enhance cell functions such as cell multiplication and gene transfer by applying mechanical stimulation to cells,

we have been developing a bio-microdevice actuated by piezoelectric PZT thin film. First, we optimized the design of the

device by a finite element method (FEM). The deflection of the diaphragm with a size of 100 pm x 100 pm was estimated to be

about 100 nm when a voltage of 10 V was applied 10 a PZT film actuator. Morcover, we fabricated PZT thin filin by a sol-gel
method and characierized its crystallographic structure. When pyrolysis at 320°C for | min and then anncaled at 600°C for |

min in air, PZT thin films with (111) orientation were obtained.
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Development of Nanonecdle Array for Cell Surgery in Chip-Based System

~— Dry Etching Characieristics of Silicon by Deep RIE and XeF, Etching —

Toyohashi Uhivemity of Technology Norio YOSHIDA, Takayuki SHIBATA, Yoshiaki MIZUKAMI, Osamu HORIUCHI,

Tharaki University  Toru MASUZAWA,

Hirosaki University  Takashi MINETA, Eiji MAKINO

-~

In order to realize cell surgery in a chip-based system, we have been developing a nanoneedle array device with high aspect

ratio. ~10 um in diameter and ~100 pm in length, which will be integrated with Auidic microchannels. In this study, we focused

on dry ctching characteristics of silicon in deep RIE and XeF, etching required for the fabrication of the nanoncedle structure.

By deep RIE with an SFe/CaFs gas system, a high aspect ratio microstructure with vertical walls, 3pm in width and 130 um in

depth, can be fabricated. The etch rate strangly depends on the opening width of 2 mask and the aspect ratio of an etched

structure. The maximum etch rate was estimated to be as high as 2.5 pm/min. In a XeF, etching process, silicon was

isotropically etched, indicating that an etch factor and etch mte were about I and 1 pm/min, respectively.
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Development of Microimprint Technology with Electroformed Nickel Mold

Toyohashi University of Technology ~ Yoichi TAKAHASHI, Takayuki SHIBATA, Yoshiaki MIZUKAMI, Osamu HORIUCH],
Tbaraki University  Toru MASUZAWA,  Hirosaki University Takashi MINETA, Eiji MAKINO
In order 10 fabricate polymer-based microchips to be used in u-TAS and printed circuit boards, we have been developing a
microimprint technology with a fine Ni mold instead of a conventional photolithography technique. The mold was successfully
fabricated by eleciroforming using a positive thick photoresist microstructure. With the Ni mold, fine pattems with a width of
10 or 30 pm and a depth of 24 um were almost completely transferred to a polymer (PMMA). The geometnical size of the
fabricated PMMA microstructures was found to be only about 10% reduction against the Ni mold.
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Fig.1  SEM photographs of photoresist patterns.
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Fig.2  Cross-sectional view of Ni electroformed molds.
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(1996)4129-4133. Fig.5 Effects of load on line width and depth.
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Development of MEMS Device for Enhancement of Cell Functions with Mechanical Stimulation

_ Norio Yoshida, Takayuki Shibata, Osamu Horiuchi (Toyohashi University of Technology)
Toru Masuzawa (Ibaraki University), Akio Kishida (Tokyo Medical and Dental University)

Abstract

In order to enhance cell functions such as cell multiplication and gene transfer by applying mechanical stimulation to
cells, we have been developing a MEMS device actuated by piezoelectric PZT thin film. First, we optimized the design of
the device by a finite element method (FEM). The deflection of the diaphragm with a size of 100 pm x 100 pm was
estimated to be about 100 nm when a voltage of 10 V was applied to a PZT film actuator. Moreover, we fabricated PZT
thin film by a §ol-gel method and characterized its crystallographic structure. When pyrolysis at 320°C for 1 min and then
annealed at 600°C for | min in air, PZT thin films with (111) orientation were obtained.

¥—0—F: A+ MEMS, RRaE, EBHR, <A 2072Fax—F, wfravwi=vy, SA—-HFLE

(BioMEMS, cell functions, piezoelectric thin film, microactuator, micromachining, sol-gel method)
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Fig.1 Schematic diaphragm of MEMS device
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Table 1  Camposition of PZT films formed under different conditions. )

.. olysis Annealing Atomic ratiol
samplefrysall Temp.P% T Temp. 'C| Tive min| PYZeFTh
1 O 300 10 600 1 1.06

2 O 320 1 600) 1 -1.09

3 A 320 1 600 10 0.98

4 A 320 1 700 1 0.97
Stoichiometry 1.00

Ll

(a) Sample :No.2
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‘ (L)'S;mple:NoA“ .

10 PZT EGHTIOREIER
Fig.10 Surface morphology of PZT thin films after annealing
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ABSTRACT

To characterize and control magnetic levitated
motors, two-dimensional integrated magnetic sensors
with amplification circuits were developed. This
sensor uses the Hall effect on the inversion layer under
the gate oxide of a metal-oxide-semiconductor (MOS)
field effect transistor (FET), and was fabricated in a
standard 0.35-pm CMOS process with an array of
64064 Hall sensors. Each pixel is 50 pm® and each
chip is 4.9 mm°®. Circuits on a chip consist of that of a
CMOS image sensor to reduce the space of the
read-out circuits. Sensitivity of the fabricated magnetic
sensor is 2.7 mV/mA kG The reading speed of all
pixels was 6.1 frames/sec. However, a speed of 1000
frames/sec is required to characterize the magnetic
levitated motor, so the speed was not sufficient. To
solve this problem, a method of high sensitivity and
fast read-out time was considered. High sensitivity
will be achieved by the dynamic drive of a Hall sensor,
and fast read-out time will be achieved by
multi-column read-out. Using these method,
characterization of the magnetic levitated motor will
be achieved.

1. INTRODUCTION

Magnetic sensors are used for the position control of
motors. Most magnetic sensors consist of InSb and
GaAs substrates using the Hall effect. Two or more
Hall sensors are needed to control the position of a
motor with good precision. However, placing several
sensors near the motor is difficult because of space
and cost. To solve these problems, two-dimensional
integrated magnetic sensors with amplifier circuits was
developed. The magnet is jointed to the edge of the
motor axis; the motors are characterized by using
two-dimensional magnetic sensors to sense magnetic
flux density.

Fundamentally, output voltage from a Si magnetic
sensor is smaller than that from InSb and GaAs
because of the low mobility of Si. However, using the

Hall effect on a thin inversion layer under the gate
oxide of a metal-oxide-semiconductor (MOS) field
effect transistor (FET) can increase the output voltage
of the magnetic sensor. Moreover, 64064 arrayed
integrated magnetic sensors can capture the details of
magnetic flux density from the magnet and
characterize the motorfs axel movement with high

eccuracy. A .

This research aims to develop an integrated.
two-dimensional magnetic field sensor that can
measure the position of and control magnetic levitated
motors.

2. STRUCTURE OF HALL ELEMENT
A diagram of a magnetic ‘sensor using the Hall
effect is shown in Fig. 1. A bias current [I] flows along
the X-axis of the element. When magnetic flux density
[B] is applied along the Z-axial positive direction,
Lorentz force [F) is generated along the Y-axial
negative direction indicated as a bold arrow in Fig. 1.
The carriers of an n-type semiconductor are electrons.
They are pushed to the R side, generating a voltage
difference between terminals R and S. This voltage
changes depending on the strength of the magnetic
flux density, and it can be used as a magnetic sensor.
7 i

Lorentz force [F)

terminal {S)

Magnetic flux {B)

Fig. 1 Hall element made with n-type semiconductor
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