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LQG control for sensing mode of micro tunneling gyroscope
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1. Department of Mechanical and Electrical Engineering, Xiamen University, Xiamen 361005, China;
2. Department of Aeronautics, Xiamen University, Xiamen 361005, China

Abstract: In order to maintain the tunneling gap and its fluctuation between a tunneling tip and a detecting electrode
at the operation points of 1 nm and 0.1 nm respectively, a Linear Quadratic Gauss (LQG) closed-loop feedback control
system was designed to reduce the system noise and to expand the bandwidth of the Micro Tunneling Gyroscope
(MTG). Based on the linearization of the exponential tunneling effect using the minification method, the linearized
model of the sensing mode of the MTG was deduced. By taking the Coriolis acceleration and electronic tunneling 1/f
noise as the process noise and output noise of the sensing mode of the MTG, respectively, the LQG controller
composed of a optimal state estimator and a Linear Quadratic (LQ)regulator was designed. The simulated system and
the real LQG control circuit were established for the dynamic test. The simulation results show that the signal-to-noise
ratio can be increased by 24 dB and the deviation of the tunneling gap between the two electrodes can be maintained
at the value of 10 nm by the proposed LQG feedback controller.Furthermore, the testing curve indicates that the
peak-to-peak amplitude of the tunneling current noise is 0.4 nA and the tunneling gap can be controlled to be 1 nm
under the excitation of dynamic acceleration.

Keywords: tunneling detection gyroscope sensing mode Linear Quadratic Gauss(LQG) control.
WA 18 2012-04-25 &8l H Y] 2012-06-18 M £ fix kA H
BEETH

[ 5 AR B 54 72 B0 H (No.51035002) ; FF4E R 34 % B35 H (N0.51105320) ; H e i SE A RN 4% 34 551 % 42 % Bh 5 H
(N0.2010121039)

WA # - S4tiE E-mail:wdz@xmu.edu.cn

fE# R XT7(1976-), & Al v A, B+ B #,19994F . 20024E T 8 M K%/ gk fg 2t Wit-247, 20 104EF B | T K43k 1 i -2
A7, BN FMEMS 8% . ol o1 B 18 FE MR 42 31 5 IR A 55 45 5 A 45 5 T 19 . E-mailzyfliu@xmu.edu.cn
{E# Email: wdz@xmu.edu.cn

e EBEN

[1] Joikvd, B scam, 2R poAt. il TRl A B 1 SRR . IR 5 R B [I]. S K% T7%,1998,6(2):1-6. LONG ZH F, XUE SH F, LI Q X.
Electron tunnel sensor principles,present situation and prospect[J].Opt. Precision Eng., 1998,6(2):1-6.(in Chinese) [2]
MILLER L M, PODOSEK J A, KRUGLICK E,et al.. A p-magnetometer based on electron tunneling. The Ninth Annual
International Workshop on Micro Structures, Sensors, Actuators, Machines and Systems, 1996:467-472. [3] OLALEYE,
AYODELE, AJAKAIYE. Wafer-Scale Production and Performance Characterization of Micromachined Tunneling infrared
Detections. Ph.D. Dissertation. Stanford:Univ. of Stanford, 2002. [4] KENNY T W, WALTMAN S B,REYNOLDS J K. A novel
infrared detector based on tunneling displacement transducer[J]. Appl. Phys. Lett., 1991,(59):1820-1822. [5] WANG L Y,
WANG L W, ZHUANG G H, et al.. Design and fabrication of bulk micromachined tunneling gyroscope with fan-shaped
comb drivers [J]. Opt. Precision Eng., 2009, 17 (6):1415-1420. [6] %, 558K, BURE I RE ISR (1 & e [J]. HT3811,1999,22
(4):296-299. MENG J,MAO P S.The develspment of silicon micro accelerometer[J].Journal of Electron Devices, 1999,22
(4):296-299.(in Chinese) [7] XUE W, WANG J, CUI T H. Highly sensitive micromachined tunneling sensors [J]. Opt.
Precision Eng., 2004,12(5):491-501. [8] #il¢sL, X 1. HLHI HHLQGHE T RFM T [I]. H s FHAK,2006,40(2):103-105.
HAO X H,LIU SH B. Research of LQG control of brushless direct current motor[J]. Power Electronics, 2006, 40(2):103-105.
(in Chinese) [9] 77 KW, 255 S BEAA . RUHEZL LS HLAR IR B B IR A 44 M2 HIIF ). X #2414, ,2005,26(6) :591-596. FANG Y M,
LI P, MAO P S. Robust control for double-gimbal vibratory MEMS gyroscope[J]. Chinese Journal of Scientific Instrument,
2005,26(6):591-596.(in Chinese) [10] CHANG D T, KIBEMA R L, STRATTON F P, et al.. Wafer-bonded, high dynamic
range, single-crystalline silicon tunneling accelerometer. First IEEE International Conference on Sensors Piscataway, USA.



2002,(2):860-863. [11] KUBENA R L, STRATTON F P, VICKERS-KIRBY D J, et al.. Low-cost tunneling accelerometer
technology for high dynamic range applications. Position Location and Navigation Symposium,2000:522-526. [12] %ffi[%.
PO B s 2 . P L RN U TR Y 18 32,1989, WU W M. Research on Robust Control of Micromachined
Accelerometers. Thesis, Dept. of Mechanical Engineering, Sun Yat-sen University,1989.(in Chinese) [13] KHAMMASH M,
LAURA O R, KIMBERLY L T. Robust feedback control design of an ultra-sensitive, high bandwidth tunneling
accelerometer. American Control Conference USA:2005,4176-4180. [14] LIU CH H, HOWARD K, ROCKSTAD. Robust
controller design via y-synthesis for high-performance micromachined tunneling accelerometers.Proceedings of the
American Control Conference San Diego, California:1999,247-252. [15] Xz 77, F¥z, PMENE. S0 LS IE BRI AR 2k — e
Wl [91. o6 K% 1THE,2011,19 (1):2657-2663. LIU Y F,WANG L Y, SUN D H. Time-varying predictive-LQG control for
micromechanical tunneling gyroscope[J].Opt. Precision Eng., 2011,19 (1):2657-2663.(in Chinese) [16] SRLEHE, XIHEH]. HAL
S5 3kLQGEs hlfs B th KA EL[I]. #5519 249],2005,26(2):517-526. SONG X N, LIU X L. A design and simulation of LQG
controller on TV seeker[J]. Journal of Projectiles,Rockets,Missiles and Guidance, 2005,26(2):517-526.(in Chinese)

A e R AL S

V7T B T JheE AR FE R OO T S RE IR [I]. Y2 KEE TRE, 2013,21(5): 1272-1281

LR T T A REERIRAOE A& R BT R AR ] DS TR, 2013,21(1): 87-93

g, BOTE, xR, w IR e B BRI RE AL e R SEBL[I]. DGR % T2, 2012,20(9): 2051-2059

X5 F5, Rz, PINETE O LA WA A AR e — e i Pt s 1 [J]. D62k % /%, 2011,19(11): 2657-2663

W, EAFH, by, ARG, W7 R G000 2N VA U PR PR R SR IS ] YR TR, 2010,18(11): 2398-2406

BT 2, AN D 0 e PR S K BR T 5 0 e 1 (AR ) R TR Vv [3]. D62 K% L%, 2009,17(9): 2206-2211

T, T3 P A TR AR BE IR R A R L B ORI E[9]. D24 K % 172, 2009,17(8): 1987-1992

Tovg 7 25 S0 AR ; PN 1. 5 TR 1A DX B 2N AR RSO LR BRI BE ARSI B 54 45 [J]. Je2# A % T, 2009,17(6): 1415-1420
T B2, T FERBE IR URORS &R 22 T [3]. J6 4% T/, 2008,16(5): 893-898

- PREIAR BB PR S R R 2L T R RAE A A ) A R BE AR LB R [J]. OB TR, 2007,15(5): 719-724

B WL TR 2 A AL BRI OO HER R I R A IRBE SR 2 BT[], JesE R LR, 2006,14(5): 853-857

12. RFEZLEACHEL G W12, T W1, BRMD IR OB BT ], e FERE TR, 2006,14(1): 116-120

© 0 N o o b~ W N P

[y
o

=
=

Copyright by S22k % T 1%



