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Fabrication of a Micropump using Piezoelectric Actuator

Y. H. Ji.

S. S. Yang.

School of Electrical and Electronic Engineering, AJOU University

Abstract

In this paper, a piczoelectric micropump is fabricated and tested.
The micropump consists of an actvator and two micronozzles have
been made of silicon. It contains a piezoelectric polymer which
allows opening and closing of the valves elecirically,. The actuator
‘and the two mictonozzles are fabricated by the anisotropic eich
using EPW. Then, the fabricated actustor and the valves are
anodically bonded with the pyrex glass which consists of the infet
and the outlet channels. The measured deflection of the
piezoelectric polymer is 54 ym at 1.6 Kk The maximum pumping
flow rate and the backward pressure of the micropump are 22
[min, 8.7 Pa at 10 Hz, respectively.
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ojfojAn YTHIGL mlelaz WEE FEAY FEP 1
2 FAY[e-5), AFYY6L AHHI8, 2@lm B} FEYP §
of gtk AAY FF AL, OE FEPARY o 2 Wy
T UE & A ARo] Yok YWHeE YWY Yze @
ool felslel ¢l Meree FANA FERT G Ay
& ¢d Zevld PVDF WENT 79 434F w3 24 A
71 WA B2 MED B Y ¥ 4 AAT wwd wer) 3
o ooldg W ALsA B AFdNE ¢A Ayug &
WolE hA Al da 2r0s Repe) wEge) S8
PVDF WE Ag¥ch gAY slolmz Wxe) A wers)
of FAAME @oluh, PVDF o 7ol Ay Hue s o
FA fA2 B

slolag WlmE AFwds] weh FEYMNG HEY
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2. [PEo FX

a2y 1@ vlelag HEY AAFRE HAFe duzRort
AR BEL Y pEvleld, Y REL kgY vlolaz
Wwyolch MY FFrIE PVDF LEN ¥ Bz FA4"
22y 2& PVDF ¥§9 +2& Jvedd. ¥Hx ZA¢ avle
14 X 14 w'olm WE e zvlE 98 x 98 miolth

PVDF ®&e A 274 mgold, A7lE 13 x 13 mwioln] &

-qFo) @17k® AR 22 9 X 9 molt), WX o] PVDF ¥

3 HAAA AMRHE AEA £A9 g2 Bublle] §9& 9
71 f18e] 50 @m3lole] v 2FH7L Qitt. § AL olRE dy
thole] AN 4180 im X 4180 im X 330 molv] MU} T34
e vlolag kgl €8 uda Holv #4175 ms 1050
md) HAbzby Fzolk. AZAG WA 1 gz ARE &
28 YAse solds F@r740)0] FAE 520 molR, HE
4 #=29 zavie o 750 mmojth. PVDF ¥Eo 3 o
BE AYE QUbsky PVDF WES oA Aol st WYy
do7]a 48U EFC). ofs}, PVDF Y& AFL Hx PYuly
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3. violae Pxo AF 3F

€ dFNMe] P2 g9 lolag x@s] AR AgHE
dolve YAoz dAvid 4 inch nd (100) A& PojMz =
A7t 2z} 450 + 10 s} 330 + 10 moltt. TEI) M=
1000 THA 80 #3 FAUBZ 05 me] AV2HYE 4PN
F AR 4z 3PS W@ FEF) dolNe sy Hze
15 2 TolA (100) del& #holHe] HzHgo] 125 £ 2 m
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7] &2l PVDF Ugeo] FAY REL AFA £AE A4
W AR A7 FYEolite AE 9] 3o o] S0
me V 358 E A% Azdd FF7 M Az A8
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1050 il FiFe] volaz xFo] YAV 27 3L A}
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PVDF W&o £ W9 238 $3}9] KEYENCE LC-2400A
golz NAEF ol&¢ct. PVDF BHEQ A% 2 n{ AY
& UA7}5HH PVDF UE& A Ado] o3le uiygg Yosim
ASAFH. AF ALS Power op-amp(PA4LE o] §3te] Q)
7gtk. Y 5% PVDF WE9l A% o] peak-to-peak 100 V}
200 Vo] F Y AME A7MASE | 10 Hzol A 10 ket F
Hao] @& PVDF ¥Ee $4 ¥4E vehd. o, 3%
M E peak-to-peakt& ERATh  AZFA]E 100 VL 200 Ve
3 WA FAFTFE 16 Hrolnl 2 we] WaE 22 26 ms)
54 gmelch
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&3 & ¥ ¥To) ¥4 AYg ARUt old), YR &
el wols} vadde e 2B {29 Fole Tk
o|s} ol Ay kol Y& W A7b A 200 V, 10 Hzel 4
4744€ vlolaz Yxo| {FL 22 pt/minolch.
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Acknowledge
2 A7 B E48 & ¢ AY AdA A=Y

kg ]

[11 S. Nakagawa, S. Shoji and M. Esashi, “A Micro Chemical
Analyzing System Integrated on a Silicon Wafer,” IEEE
Microelectromechanical Systems Workshop, pp. 89-94, Napa
Valley, U.S.A., Feb. 1990.

[21 M. BEsashi, S. Shoji and A. Nakano, “Normally Close
Microvalve and Micropump Fabricated on a Silicon Wafer,”
IEEE Microelectromechanical Systems Workshop, pp. 29-34,
Salt Lake City, U.S.A,, Feb. 1989,

[3] Lammerink, T. S. J., Elwenspoek, M. and Fluitman, J. H. J.
“Integrated Micro-Liquid Dosing System,” IEEB
Microelectromechanical Systems Workshop, pp. 7-10, Fort
Lauderdale, Florida, U.S.A., Feb. 1993.

[4] E. Stemme and G. Stemme, A Novel Piezoelectric Valve-less

Fluid Pump, Tech, Digest, IEEE Transdu '93, Yokoh

- 1958 -



Japan, June 7-10, 1993, 110-113,

{51 T. Gerlach and H. Wurmus, Working Principle and Performance
of the Dynamic Micropump, IEEE Microelectromechanical
Systems Workshop, Amsterdam, the Netherlands, Jan. 29-Feb.2,
1995, 221-226.

[6] F C. Pol, H. T. G. Lintel, M. Elwenspoek, and J. H. J. Fluitman, A
‘Thermopneumetic Micropump Based on Micro-engineering Techniques,
Proc., IEEE Transducers '89, 2, Montreux, Switzerland, June

25-30, 1989, 198-202.

[71 R. Zengerle, M. Richter, F. Brosinger, A. Richter, and H.
Sandmaier, Performance Simulation of Micromachined Membrane
Pumps, Tech. Digest, IEEE Transd '93, Yokohama, Japan,
June 7-10, 1993, 106-109.

{8] E. H. Yang, S. S. Yang, S. W, Han, S. Y. Kim, “Fabrication

and Dynamic Testing of Electrostatic Actuators with p+
_siticon  Diaphragms,”SensorsandActuators,A,50,pp.151-156,
1995

[®} H. Mizoguchi, M, Ando, and T. Takagi, “Design and
Fabrication of a Light Driven Micropump,” IEEE
Microelectromechanical Systems Workshop, pp. 31-38, Travem

nde, Germany, Feb. 1992,

{10} ). Tiren, L. Tenerz, and B. Hsk, A Batch-Fabricated
Non-Reverse Valve With Cantilever Beam Manufactured by
Micromachining of Silicon, Sensors and Actuators, 18, (1989),
389-396.

{11] L. Smith and B. Hok, A Silicon Self-Aligned Non-Reverse
Valve, IEEE Transducers '91, Montreux, Switzerland, June
24-27, 1991, 1049-1051.

{12] M. Esashi, S. Shoji, and A. Nakano, Nommally Close
Microvalve and Micropump Fabricated on a Silicon Wafer,
IEEE Microelectromechanical Systems Workshop, Salt Lake
City, USA., Feb. 20-22, 1989, 29-34,

[13] T. Ohnstein, TFukiura, JLRidley, and UBonne, Micromachined
Silicon Microvalve, IEEE Microelectromechanical  Systems
Workshop, Napa Valley, USA., Feb. 11-14 1990, 95-98.

PYDF Him
P
" /7

epoxy resin

pyrex
glass

ag 1. ompolaz gxe dHE

- 1959 -

THum

g

weu elactrade layer {ink Ag)
m=m bending loyer
e plezoelectric loyer

1Y 2. PVDF &84 72

8

bl
-

Displacememt(u m)

00

e
(=]

TV T T Y T TR T Y T

Lt ot KT T2 1 SSRPY '."’n 4 *

Omr0-0 0000 g, 900,085

—0—100Vpp
el 200V PP

0.1 1
Frequence(KHz)

¥ 5 7§ Fuo] g deh A

0.01

a9 6 HE $% 4% A2d



