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Nonlinear characteristics of
sub-micron cantilever beam resonators actuated by statical electricity

YUE Dong-xu, YU Hong, YUAN Wei-min

(Key Laboratory of MEMS of the Ministry of Education ,
School o f Electronic Science and Engineering , Southeast University, Nanjing 210096, China)

Abstract: A nonlinear mechanical model for sub-micron cantilevers was analyzed in detail and its phys-
ical mechanism was researched to provide a theoretical basis for experiments. The electrostatical force
was used to achieve the resonance state cantilever beams and a Polytec laser Doppler vibration meas-
urement system was taken to observe the frequency response curve. Experimental results show that
the beams have significant nonlinear effects (the spring softening effect) and the nonlinearity is rela-
tively independent on the AC voltage, but it is markedly enhanced with increasing the DC voltage.
The obtained maximum peak shift is 0. 5 MHz and extracted first-order mechanical elasticity coeffi-
cients are 79. 62, 31.75, and 14. 92 N/m, respectively. Furthermore,the deviation of the experiment
was also disccussed and analyzed. The effects of overetching by wet chemical etching on the stiffness
and frequency response were stimulated by ANSYS software. In conclusion, the corresponding simula-
tion results are well coincident with the experimental data.
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Fig. 1 Fabrication process of cantilever resonators
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leased beam

HRFAUTIEA
_ egwl 2
Fe(fyt) Z(do_x)Z_V(t)
gow! X X2 X3 1 2 __
o [1+2d0+3(d0> 4G 0 )}V(t)
(FeO +Fe1 +Fe2 +Fe3 +O(x1))v(t)2 ’
(2)
V() =Vi+2VyV.cos 2rft)+Vicos’ 2rft) ,
3
:SQA 9 :BEQA 9 :ZsoA 9
ke, 4 V(D k., 2 V(D* k., & V(t)?r.
4)

Horbt A FR B E X R AR 19 T B o 7
M FEIE d, 77 A R AR I BE . B Vi A
VSR 7 G 0 A0 P T 5 R T L V<
Vi A SR () SRS =000 MR, (2) 3
5 L 02 T 2 M R B 2 kR WA T
BRI D 0 A TR BN A R (), X R W
o, ke, ISR CHCTE Y200 9 43 97 L SCHR(10T) L 1
b g 2 B B Y o/d B
S 00 AR T 281 R I 4 B — I A
S

b1 R 1 (kml_kcl)_ _/czi
f°_2n/\/;_2,w m = /o /1 R, > (9

cowlV? | 0.17¢,w*?IV* | 0.4e,h"°IV?

kel == PE + e + le.s +
0.17e,wl**V?
0. etV ®

1 R AL AL V() S A R 9 45 A ML AR
PRI S0 BIVERT. £ A BB V(O BRI/ - k.,

FIERHIG 3 Th % 18 T AN 45
4 ZBRERET®R

S25 rh R Polytee Ot 2 3% ) 90 4i {C ) &
E S0 nRllRT I REEETE RS C IR IVOE S N W
TR AN 11,37 MHz 88 52 A 55 5 i 1]
2L H L FHBOR A 80, BT 3 AARFIR
A G T UL B AR 2 5 RO D R g ol R
JEXFASAE S AR B R0 o 5 — 2R TR T I RS 3
Kb 3.5 pmX 1.5 pm X0, 2 pm B 2 4R
W% 13,69 MHz, 4% % Xt LA [F) i & 2% 14 F 11
AR R PE HEAT TR A5 R R WA Vi R
BEE V. B S HL T A 3 A0 e B % L A
AR AN ACh) 5 SR . 24 PR Vo A 728 390 L WA
JFC R ARt 2 A0 WY I e A s A% L B e B B
BRI E 4Ca) . Ve A 10V BERE] 30 V,
PRI fin 7% 5 ik 0. 5 MHz. 2 S5 il HiH /9 1T 50
FEE L g LR DR T4 3 11 g JE ok AR T 4 A AR
SR IPE R B T — J5 T do R /N LA 2
) F) v, 3 48 K 2 R0 45 A4 1k 52 g AT L L 48 R AR
I W NIUE e EE 4 S0 e NSRRI B
o I B B0 1 e Ok DL AT R 8 Y R .

X107

=200 nm, /=5 pm
Sf=11.37 MHz
Vac=1 V.Voc=3 V
(=80

P

0 02 04 06 08 1 12 14 16 18 2
Mz X107
B 3 IR A 11, 37 MHz 28 3% i 45 3 m hi7 il &

Fig. 3 Frequency response of cantilever beam with
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Fig. 7

Plot of resonant frequency f,’ verse Vg for

cantlilever beam
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Tab. 1 Simulated results of two groups of cantilever beams
Rot/pm® dio/pm  —B 5%/ He  ZBi%/He =B/ He
0 22.885X10°  109.39X10°  142.07X10°
3.oX1.5 1.0 16.130X10° 92, 947X10%  95.581X10°
X0.2 2.0 13.513X10°  64.256X10%  71.471X10°
2.5 12.338X10° 42. 435X 10" 42, 448X10°
0 0.343 41X10" 0.214 92X10% 0.251 12X10*
9.0X1.5 1.0  0.299 06X10" 0.185 54X 10% 0.229 00X 10*
X0.2 2.0 0.28102X107 0.168 79X10° 0. 224 82X 10°
2.5 0.27325X107  0.15922X10% 0.22394X10°
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