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substrate
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increasing of the frequency
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Fig.6 Optical image of one stable state for the capac-
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Fig.8 Theoretical and experimental capacitance of
the capacitor when the voltage was applied

NODAL SOLUTION AN
STEP=1
SUB =1
TINE=1

ustH (AVE)

DMX =.962294
SMX =.962294

i
0

.213843 . 427686 641529 855372
106922 .320765 534608 . 748451 .962294

K9  ANSYS 73 Bt i) B A TE A8 [ G IR 12~13V)
Fig.9 Deformation shape of the capacitor with the
actuated voltage 12~13V

PG LU ANSYS BEATHE4U. [ 9 2 MLk 12
~13V i B AR (4 8 728 A AL B AR OO . I & R
B 24 T WA R RO Ry o R T
Tpm 4b . 102 ANSYSHEL UL (Y # %5 B 77 7 A 1A

HODAL SOLUTION AN
SUB =1
TIME=1
Ered (AVEG)
RSYS=0
DIX =.962294
SMN =-.334E+08
SMX =.249E+08
S
- 224m408 —205EN0S - 7505407 g Iy
- t6AEH0S - L40E+0 - 10tE407 1155408 2438408

B 10 ANSYS Jp v i Ha 455 g 53 A1 1
Fig.10 Stress distribution of the capacitor

B RV T3t BRAE 8 2 R 1 18] 7€ i 19 3 45 Ak, 29
25MPa . 5 G2 AR AR 114 B 7 80 A KK S i A 1) 1 4
9 25 A4 F) 73 4

4 Zig

B IR T @ 5 HA w5 0 v 8 fl
LA g HIE L AR, 5 1C L2 A%
R KW . 7E 1GHz f1 2GHz T, A1 O {5
S 4 51.6 Fl 24. W] AR HLZE (B b A (EH N
0.759pF .7 12. 8V FTHA A 1.31 1 1, IR G HE
13,5V, HE BRI (E RS i o 00 R A 2 4 L 4
I A PR B R R O 2 ik ) A R A BRI
1/3 4k . BAR X R AL A1 Q {8 o 48w » il 3 5 125 B
B Gy AR A PR YE B R R AR FEAR L 12. 8V R LA ]
PHIE R R 31% » 5 AR AR A 2 B P de K AT IR [
h 50 % FH LE . 1 A BCHE R A b L SR T 4 R AL E
R EE R R R OIS 25 S8 4 4 Ja A RS X IR R L O
B SE 52D o DR AT A 85007 FF 32 /& mT 98 3 [, 5%
TR T S8 G R AR 0 T AT RO 3R 47 45 B Ak %
TF LS = T VRE Bl 5 59 A0 R S8 B WA H 2 e K
AR B R 50 % i B S AT AR A =A% A 25 44 RT A
HL 28 H UL, O [HAEFEIE L AAH I TR,

%k

[1] DecA,Suyama K.A 1.9-GHz CMOS VCO with micromach-
ined electromechanically tunable capacitors. IEEE J Solid-
State Circuits,2000,35(8) :1231

[2] Dec A, Suyama K. Microwave MEMS-based voltage-con-
trolled oscillators. IEEE Trans Microw Theory Tech, 2000,
48(11):1943

[ 3] GirbauD, Lazaro A, Pradell L. Extended tuning range RF
MEMS variable capacitors using electrostatic and electro-
thermal actuators. Proc SPIE,2004,5344 .59

[4] Feng Z,Zhang H,Zhang W,et al. MEMS-based variable ca-
pacitor for millimeter-wave applications. Technical Digest of
Solid-state Sensors and Actuators Workshop, Hilton Head Is-
land,SC,2000:255

[ 5] Fritschi R,Frederico S, Hiber C,et al. High tuning range Al-
Si RF MEMS capacitors fabricated with sacrificial amor-
phous silicon surface micromachining. Microelectron Eng,
2004,73/74:447

[ 6] Xiao Zhixiong.Peng Wuyong., Wolffenbuttel R F,et al. Mi-
cromachined variable capacitors with wide tuning range.
Sensors and Actuators A ,2003,104:299

[ 7] Tsai C.Stupar P A,Bonvick R L,et al. An isolated tunable
capacitors with a linear capacitance voltage behavior. IEEE
the 12th International Conference an Solid State Sensors,
Actuators and Microsystem, Boston,2003:833

[ 8] Ben Ahmed K, Kouki A B, Khebir A. Physics-based analysis
of variable RF MEMS capacitors. CCECE,2004:0739

[ 9] Yanl W D,Mansour R R,Khajepod A. A MEMS variable ca-
pacitor with high self-resonance frequency. 34th European



* o5

(L

% 28 &

[10]

[11]

[12]

Microwave Conference Amsterdam,2004:1153

Bushyager N, Tentzeris M M, Gatewood L,et al. A novel a-
daptive approach to modeling MEMS tunable capacitors u-
sing MRTD and FDTD techniques. IEEE MTT-S Digest,
2001:2003

Oz A,Fedder G K. CMOS-compatible RF-MEMS tunable ca-
pacitors. IEEE Radio Frequency Integrated Circuits Sympo-
sium, 2003:611

Yao J, Park S, DeNatale J. High tuning ratio MEMS based
tunable capacitors for RF communications applications.
Technical Digest of Solid-State Sensors and Actuators Work-
shop, Hilton Head Island.SC,1998.:124

[13]

[14]

[15]

[16]

He S, Ben Mrad R. A novel MEMS tunable capacitor. IEEE
Proceedings of the International Conference on MEMS,
NANO and Smart Systems (ICMENS’04) ,2004.618

Yeh J A,Chang C A,Cheng C C,et al. Microwave character-
istics of liquid-crystal tunable capacitors. IEEE Electron De-
vice Lett,2005,26(7) :451

Kim J, Christensen D, Lin L. Micro vertical comb actuators
by selective stiction process. Sensors and Actuators A,2006,
127.248

Zhou Z M, Zhou Y, Yang C S, et al. The evaluation of
Young’s modulus and residual stress of nickel films by mi-
crobridge testings. Meas Sci Technol,2004,15:2389

A Tunable Micromechanical Capacitor Driven by Electrostatic Force”

Fang Dongming', Fu Shi, Zhou Yong, and Zhao Xiaolin

(National Key Laboratory of Nano/Micro Fabrication Technology . Key Laboratory of the Ministry of Education for Thin Film

and Microfabrication s Research Institute of Micro/Nano Science and Technology . Shanghai

Jiaotong University, Shanghai

200030, China)

Abstract: A radio frequency (RF) tunable micromechanical capacitor with a high quality factor driven by the electrostatic

force was fabricated using simple MEMS technology. The surface profile and the displacement of the variable capacitor at
different values of applied voltage are measured by using a WYKO NT1100 optical surface profiler. The measured results
show that the pull-in voltage is 13. 5V, the tuning ratio of the capacitor is 13. 1 : 1,and the quality factor and the capacitance
are 51. 6 and 0. 79pF at 1GHz,respectively.

Key words: tunable capacitor; RF MEMS; quality factor
PACC: 0710C; 7230
Article ID. 0253-4177(2007)09-1454-05

% Project supported by the National High Technology Research and Development Program of China (No.2006AA03Z301) ,the Research and
Development Foundation for Applied Materials of Shanghai (No. 0515), the Research Foundation for Non-Si Micromechanical
Fabrication Technique(No. D2320060098) ,and the Specialized Foundation for Nano-Technology of Shanghai (No.0652nm004)
+ Corresponding author. Email : fangdm2005@ hotmail. com

Received 12 March 2007, revised manuscript received 16 April 2007

(©2007 Chinese Institute of Electronics



