23k Mol s K AR Vol. 23 No. 9
2015 4F 9 A Optics and Precision Engineering Sept. 2015

XEHE 1004-924X(2015)09-2540-06

BT 3N 625 U RE R BE 42 1 /e 157 i IR 4l

AEE R RLEEW,R F'
(1. BT AF PMIEFR,LH 8 F 210094;
2. PERFARKERANG TR, T FXE 050051)

FE O T 3SR L P R (SMG) R M B8, BF ST T — Bl 58 F DU Y DL AL 45 6 4 3l =-A I8 1) 8% (SDMD 1 Bk BB AR 1 38 )
S A5t AT RRAG N 7 v o T AR A% OB R HT 153 (CRFT) 25 1 3 11 1 % 7 ik i 0 AR, I I 4 SD TOOLS 1t
BTHWESEH. kA MATLAB/SIMULINK X[ 3F25 R AT TAT W BAT . 45 R F 01,1 Hz 500 T 3 B9 15 18 LE ik 3
T 109.2 dB.FFAWIFHU . fEALELAL I, DI AT g R TR 5 (FPGA) iy 8507 A BRAZ O 5 2 T ik ST A s MR 280 Ak DU
P BRI HEAT THERE MR . 25 AR W], SR HI A T8 SDM. B B0 A6 I B AR 0T Ak A R IR Bl B R S BRSO BE B8 9 Allan
W EBMATEELA N 1. 15C) /h A FEREILIEE A N 7. 74X10 2 // h, BAEW: L 2800 2 T %3 B 55, 185845 8
WEBH T 337 3 10 IE B 0 5 8 $2 Hh A9 38 SDM g [ 45t A B ARG 7 v B T 48 85 SMG 19 14 g, 30 8 JHL g FH 450358

E B AMAURIE R R SR AR M Sigma Delta(S-A) 8 4] £ 5 Allan 7 £

FE4S%EE.U666.1;TP212. 12 ERFRIZAD : A doi: 10. 3788/0OPE. 20152309, 2540

Force feedback close-loop detection of silicon
micromachined gyroscope based on bandpass sigma delta modulator

Wu Zhi-qiang', YANG Liang®, XIA Guo-ming', Su Yan'

(1. School of Mechanical Engineering,
Nanjing University of Science and Technology. Nanjing 210094, China;
2. The 13th Research Institute, China Electronic Technology
Group Corporation, Shijiazhuang 050051, China)

x Corresponding author, E-mail;wuzhiqiang@njust. edu. cn

Abstract: To enhance the performance of a silicon micromachined gyroscope, a force feedback close-
loop detection method based on a fourth-order electromechanical bandpass Sigma Delta modulator
(SDM) was researched. A simulation model was established based on Cascade Resonant Feed Forward
(CRFF) structure of a resonator. Meanwhile, the loop parameters were calculated with the
commercial software SD TOOLS. Then behavioral simulations were carried out with MATLAB/
SIMULINK to test the results. The results suggest that the Signal to Noise Ratio(SNR) of the loop
achieves 109. 2 dB at the bandpass of 1 Hz, which meets the previous expectation. A force feedback
close-loop detection system for the silicon micromachined gyroscope was designed by using a Field
Programming Gate Array(FPGA) as the processing core, and the properties of gyroscope were tested.

Experiments indicate that based on this detecting method and digital close-loop driving technology,
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the zero bias instability of the gyroscope achieves 1. 15(°)/h, and the Angle Random Walk (ARW) is
around 7. 74 X 107 (°)/~/ h. Meanwhile, the Signal and Noise Ratio (SNR) meets the designed
specifications. These results verify the validity of the detecting technique. The method is conductive
to improving the performance of the SMGs and extending their application fields.

Key words: silicon micromachined gyroscope; force feedback close-loop detection; Sigma Delta(3-A)

modulator; Allan variance
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Fig. 1 Sketch of silicon micro gyroscope
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Fig. 2 Block diagram of close-loop detection system
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Fig. 3 Simulation model of close-loop detection method based on 4™ order electro-mechanic SDM
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