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Fabrication of a buckling micro MCA valve

Jong-Hwa Lee and Gwiy-Sang Chung’

Abstract

This paper describes the design, fabrication and characteristics of a buckling microvalve using a MCA (multilayer
ceramic actuator). The mechanical and fluidic analysis are done by finite element method. The designed structure is
normally closed microvalve using buckling effect, which is consist of three separate structures; a valve seat die, an actuator
die and a small piezoelectric actuator. The flow rate of the fabricated MCA valve was 0-8.13 m//min at the applied pressure
of 0-50 kPa. Maximum non-linearity was 2.24 % FS at a duty cycle of 50 %. The maximum pressure was 230 kPa and
the leak rate was 3.03 x 10® Pa - m%cm? at a supply voltage of 100 V.

Key Words : multilayer ceramic actuator, microvalve, buckling effect

.M B

A2 g8 BAsL e MEMS Holgol A
slge] 7hes 9 218 Aojake vl AL Aol
B410] o3 Al oA 917k} 77ka) 2
A F20] N 477k AX VA BAS 2 Ak
Aeael QA FEFUL 93 volaz e
Azd Ze SR AsY 5E FHG) 98
SR S EERCISPEWC PR S pe
£ 343 vsle) Joe 5523 BeAolrL B
Holme §AAlo} AxBle) A4l 74 b vlo)
2 WE 9 AT YR §EALS B8] sebahs
7

Y, 93UY, A4,
FEE AFefol
2 8ue 4g 7
Fol) e A7} 713
wahA) L, Fu A A B A Y F A

ek ofr
)
2
°
oli
2,
X
i
22
)
i3
42
ofl

Skl A7) AR BA) 25 8 (School of Electrical Eng., University
of Ulsan)

*Corresponding author: gschung@ulsan.ac.kr
(Received : June 17, 2005, Accepted : November 15, 2005)

D)
AN waY E7E Sl BE A7} vo)

u tololzd 4ol HHH R 7ER W
B gl AFEL 97 W) 5 pimin B9
H §3g Aolshe nlol A= WH A %A ¢
FUb 2 544, cavitation WAol T3 A gket 93l

o) olaj7] o] Folx) x| s ekl 53], w
o vlolZE WH o)A 4] o[ FA §& BE
o 7h¢ it A sk £4o] e HEo] Wy ARy

=
ok, e} Wy AEe] B9, W

e, & A7 frEasys olgete] 2
A BN 7)8kety Fdol whE FY fE54 £4
2 ol mE Auul f-59 H¥de Frrskic
T W E e Auet AES Sikshs #A7 ¢
FE 7HA 93 #A3 FRE 39EM /&S
dAsHA AT e HHY AE 4L A%
o nlo]lAZ MCA RHE Al 9 54g BHsiict

_47-



48 o|&3} -

2. 8A & M

2 AFolA s BHE Y FolA & BEet {4 A
59 FA§He A3 A8 FEM Z2Z 732 ANSYS

§ AHESiT vtz W H e Bdo] fA E7E
THoE Z ] g i rxolng a9 13 2
o] A AE Fzx9 129+& vehd 2-D DR §4
3T B A7 E A, ¥E AERE steady
state® 7HYSIAL EA), THol AT B T8I
on AR, {27 BH A B =2 wjrix] FFE
FA LT 7HFEAT E 1S MCA ME A& HA
Z271E 2ok Aeltt.

T 19 B AE MA 223 Navier-Stoke's 222
ol-gste] o W F&ESTIEE A o
2|3} zho] Froj Tl

k

Diaphragm

v

Valve seat

3 1. 4AE vlo]aR WE AE GdHE
Fig. 1. Schematic cross-section of designed microvalve
seat model.
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Table 1. Design parameters of mircovalve seat geometries

Items Size(pm)
Outlet length y 510
Seat height h 102.65
Chamber -
height Actuation gap d 0-3.4
Max. gap g 0-106.65
Seat radius R; 7-42
Chamber length R, 840
Inner radius i 18
Valve seat - -
Outer radius Yo 25-60
N, density(kg/m®) el 1.2507
properties  viscosity(kg/m-sec)  u 17.7
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Fig. 2. Photograph of the fabricated micro MCA valve.
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Fig. 3. Flow characteristics of outlet direction as a function
of various Si diaphragm deflection(inlet pressure:
20 kPa).
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Fig. 4. Flow characteristics of the MCA valve as a
function of various valve seat area.
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Fig. 5. (a) Velocity contours in outlet and seat (b) velocity
profile in center of channel, respectively.
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Fig. 6. Velocity characteristics of the MCA valve as a
function of inlet pressure.
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Fig. 7. Blok diagrams of (a) power driver and (b) fluidics
control system for evaluation of the fabricated

micro MCA valve.
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Fig. 8. Flow rate characteristics of the fabricated MCA
valve as a function of applied pressure.
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Table 2. Characteristics of the fabricated MCA valve

Products . .
Specification
Parameters

Working principle Normally ON/OFF

Standard flow rate 5 scem

Gas contact materials Si

Sealing Buckling effect
Operating pressure(inlet) 32.7 psi
Non-linearity 2.24 %FS
Repeatability 0.092 %FS

Leak rate 1.19x10°® pam¥/s

849 m/min®] HoF-%E el ¥d8gL 577
%t W FEE] 50 %Y W] -2 9.13 ml
mino |8 H]AEA]LS 224 9% FSEA, FEH] 25 %K}
A7k ek f3ke] dEddo] 84 +43he o
T vk =g T, FEH 50%l o] AEAE2
0.092 % FSZA AFC WXl 10% FSRO % $-43
Atk A7k o] 25k @xB=, MCAY #gto] elrt
HH MCA Aol A 43 WA e Agshar 89
7R &A 02 M| wEof] WH L ¢ s) AHbE] o]
ATHL 7Y 3L o] 23k Aolul Bl ROR AR AL

I 2e B Aola] Az MCA 889 HF 54
S 9oksk Zlolth, A|ZhE nlo]AE MCA HWHO| HlA
Az WA e 787y 224 %FSH 0.092 %FS e 2
SUS(316 Ly HH#clo = A&t AFCAKS] 2.5 %FS
2} 0.1 %FSHET} -8k},

4.2 B

B AFox e HEY nlo] 22 MCA BHE A7}
3l7] 93] ANSYSE AME-8te] R A E R rlo]o]
ZHg AR mlo|AZHAY 7| g R ufo] 22
MCA BHE A &3 § 54& Estqoth &g, 8

nol WA A BEA FERES B4 93 A

Eo) @A toolZee] WAE YA Fel
HEA 4 2 TRINE 2HE BHE 4 AE 2
Aol ME P42 AAYOH YH AE AHH thol
zge] Wslge fAl9) oluA £4 W 44
318 FUFORA f50 2 L FE 2L Il
g 5 AT 53, tholo TP W YT
W AES] B0 LT W A%, FA7L 75 B
S8 BeAG BRE FHES ¢+ YAk A%
d vo]ZE MCA UBE 434, ¥HE4 227 4

~5]-

540] 9542 Slskc,

w2, B Aol e slo] 22 MCA Bi
2% ol g A7), $4717 QNG AREAV]
50 8 715 Ao2 JlgEc),

ZAtel 2

B s 200219 Eattekare] - alol o] fed
FRHAAFUTH

B
ot

=2

[1] N. T, Nguyen, S. Schuber, S. Richter, and W. Dotzel
“Hybrid-assembled micro dosing system using sil-
icon-based micropump and mass flow sensor”, Sen-
sors & Actuators, vol. A 69, pp. 85-91, 1998.

[2] M. Stehr, S. Messner, H. Sandmaier, and R.
Zengerle, “The VAMP - a new device for handling
liquids or gases”, Sensors & Actuators, vol. A 57,
pp. 153-157, 1996.

[3] P. Muralt, “PZT Thin films for microsensors and
actuators: where do we stand?”, [EEE Tran. on
Ultrasonics, Ferroelectronics, & Frequency Con-
trol, vol. 47, no. 4, pp. 903-915, 2000.

[4] G. S. Chung, J. M. Kim. S. J. Yoon, S. J. Jeong, and
J. S. Song, “Deign, fabrication and characteristics of
a MCA valve”, J. of the Korean Sensors Soc., vol.
13, no. 3, pp. 230-235, 2004.

[5] W. Schomburg and C. Coll, “Design optimization of
bistable micro-diaphragm valves”, Sensors & Actu-
ators, vol. A 64, pp. 259-263, 1998.

[6] I. Chakraborty, W. Tang, D. Bame, and T. Tang,
“MEMS micro-valve for space applications”, Sen-
sors & Actuators, vol. A 83, pp. 188-192, 2000.

[7] J. Ulrich and R. Zengerle, “Static and dynamic flow
simulation of a KOH-etched micro-valve using the
finite- element method”, Sensors & Actuators, vol.
A 53, pp. 379-385, 1996

[8] X. Yang, “A MEMS valve for the MIT microengine”,
A Master's Thesis of UC Berkeley, pp. 79-81, 2001.

[9] G S. Chung and J. M. Kim, “Anodic bonding char-
acteristics of MLCA/Si-wafer using a sputtered
Pyrex #7740 glass layer for MEMS applications”,
Sensors & Actuators A, vol. 116, pp. 352-356, 2004.

[10] S. Weichel, R. Rous, and M. Rindahl, “Silicon-to-
silicon wafer bonding using evaporated glass”, Sen-
sors & Actuators, vol. A70, pp. 179-184, 1998.

[11] A8, F$H, 712 FAH e, FUAL pp. 250-254,
2000.

J. Sensors Soc., Vol. 15, No. 1, 2006



52 o8} - B4

ol & 3§} (Jong-Hwa Lee)

+ 19744 29 2 A71FEREERD

19764 24 =43l A 57 e}
(FEAh

+ 198613 79 9=+ Brunel Univ. B2}t
(F8hh

¢ 1998 8¥~1999%d 8¢ #Alo} Novosi-
birsk State Tech. Univ. (4&2%)

« A7) S A7) AR, Al2EE
S

o FEAROL iRl 9 VLST AA

A EE) A A58 A 13, 2006 _5o_

H H & (Gwiy-Sang Chung)

219923 39 Toyahash Univ. of Tech.
(FHh

<1993 24 ETRI AYA+4

+20043 2¢ UC Berkeley 4725~

A - A ST A7 R AR
Eie T

@AM BE ¢ Si, SOI, SiC SiCN,
AIN-M/NEMS



