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ABSTRACT

Static and dynamic responses of micro cantilever beam structures undertaking electrostatic forces
are obtained employing Galerkin's method based on Euler beam theory. Variations of static and
dynamic responses as well as resonant frequencies are estimated for several sets of beam properties
and applied voltages. It is shown that the applied voltage influences the deflection and the modal
characteristics significantly. Such information can be usefully employed for the design of MEMS
structures,
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Table 1 Numerical data used for the simulation

; on Numerical data
P Mass per unit 9.320x107
length kg/m
E Young's modulus 55 GPa
Moment of inertia 4
I of the cantilever 1.3333 #m
L Beam length 100~400 um
w Beam width 2.0 Im
e Permittivity of | 8.8542x1072
0 free space F/m
v Applied drive 0.0~64.0 V
voltage
Gap between
cantilever and
d deflection 2.0 pm
electrode

EEA/A 143 A9 3E, 20043



;dx—}7]a.g_

|
\_

wholaz fBue £ A4

24 8¢ ¢ & YT oA Zel BE BA
2w Hel Zojs Agdel oja] ARHE
27 BoE e =719 R7o] Wk

K Fig. 300E 29 dol7t 284S A
wslel HE 34 AF J1e77) 343 SHheE 2
2 HAFEA ot 9B Be] PEPYe] B Lold)

3A g ) 16}71 m ol e,

= éJ AR

—r4 M3E BelFT AU ol 1

A Astel tal RAAE A 9@
M AY PALRE RS G 4

4R B Zolel sl AR 28R

BelZT gtk @) AH AW A

o RHE Bel ot Zrjehd Agke] Wa

of weh THAFF FASM FasT A
Fig. 6& 9% 2719 gl sl 25 3

ANYL W AR AH A4 A AEe) Wt

08

06

v /d

00

: 1 L 1
30 40

Applied voltage(V)

Fig. 3 Variation of static deflection of beam
versus applied voltage

20

30 40
Applied votage(V)
Fig. 4 Variations of natural frequencies

applied voltage

50 60 70

versus

29E T Ao (A3 2o dolE HE by
VI 598 del 2938 3719 A bst
AT QE AL BFT k. HY 23 9
a71e AAAoZ AF AN T8 (v/d) susic=
00459) 20121 00901Th, 54 S€ BF SHE ¥
#o2 3o 03 Aig AtoldA JEBTL Ak &
i zrzM A%o] 4 (17)8 ol43dld 78

FAZE4

A .
F UE

ol 1527x10° Hz$} 3818x10" Hz2 53
¥ 2ol A58 9. 3% o IS AT
9% B3 wrgo] sgan 1 wedl dee
BEE LHATE ADeHE azom

JE 99 AAY AYS BE A9 9 A
o galM zshas B Waks AL B 7
o Fig 6914 54 w9 Hel7t UY ¥ A%
9 91BY7} Fig. 73 2ol Agl ARHE YL
A% o) 23k GUAY TRAYE DL 60He)
F3458 2 Agd e S8 sl Joz

ole

o

}u:

olo

0.0 I T S W TN T |
0 10 20 36 40 50 60

Applied voltage(V)
Fig. 5 Variation of the 1st natural frequency
with four cases of beam length

70

----- L,=100um. V, =150V
—— 1,=200um. V=3 75V

1 1 1 1
"'0.00000 0.00002 0.00004 0.00006 0.00008 0.00010

. t(sec)
Fig. 6 Dynamic responses by a step input
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