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Design and Implementation of Closed-Loop Signal Conditioning Circuit for
Capacitive MEMS Sensors
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Abstract: With the development of marine resources and the increasing demand for safety monitoring, the traditional underwa-
ter acoustic detection equipment has problems such as large size and difficult deployment. In order to meet the need of high preci-
sion underwater acoustic detection, a design method of seismic wave sensor based on micro-electro-mechanical system (MEMS)
technology is proposed in this paper. By constructing the second-order dynamic model of the sensitive structure, the fully integrated
closed-loop system control is realized by combining the A modulator, and the behavior level modeling and non-ideal characteristic
simulation optimization are completed by Simulink platform, and the chip integration is realized by 0.5 pm CMOS process. A fully
differential precharge amplifier and a correlation double sampling circuit are designed. The test results show that the sensor sensitivity
is up to 1.5V/g, the operating bandwidth is 300 Hz, the dynamic range is about 136 dB at 1 Hz bandwidth, the equivalent input noise
is as low as 154 ng/\/Hz, the nonlinearity is 0.065%, and the bias stability is about 28.2 pg, The FOM value is 204.5 pW - pg/Hz. The
high-precision application potential of MEMS technology in the field of underwater acoustic detection is verified, and a miniaturized
solution for seismic monitoring and marine environment perception is provided.

Keywords: MEMS technology; Seismic wave sensor; Sigma-delta modulator; Closed-loop control; High-precision
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Fig. 2 Simulink model of high order £A micromechanical acceleration sensor circuit system
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M WUE ] T ZA 8 i g 4 U TR, anfE 1
N, 0.065% ey L P B WU U 1) 1 P 3R i it i 4 22
YRR AR LR MR 22 (A RO . B, AR
P AN 7 VB A R R A0 R A ) e 2 Y
136 dB = s ARG, 25 Wik 7 A B H 7R 45 Ik
R ) P4 S DA A o

R AT e B AR X AR, AR SR T FOM
(Figure of Merit, i KBOME RPN £LifE, HERA
XN
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2025 4F 11
FOM= Power x Noise floor a17)
vV BW

Hrp Power J&ith i AR TIFE, Noise floor J2 M
FOR, BWRFESHA 9. LTI, F4PE4050
T A TAE DA %) S SR RE 48 Fn 5 [ 4h SCHk i 38 1)
Sedb R bR . 5 BEUA SCERIGE B AR FHHE, A%
W AR RE LIS T B & i

M AT T 1, A TR DR brm T
HASCHER, 3 R SEE M R I A B AT
R 45T . Rk F] 154 ng/NHz 18R 7 F5 4%
AR 0.5 um CMOS T. 75 K i 1 25 v B 5 T
VETER RS A IR T, PR T o R FH B it
T2 MR SCilk . SR T8 Al 8 % F e ok T 2500
Fefih bt Az s

K4 AR o kb 04 e id A% B 25 AR AT ML

Table 4 Comparison with previous works

Z:7% 3k TZ LIFE P I 75 JL PG FOM {H(nW - pg/Hz)
24 0.18 um CMOS 147 pW 2500 Hz 270 pg/Hz'"™ 793.80
[ n 1 Hg
25 0.35 um CMOS 3600 pW 200 Hz 2 ng /Hz'" 509.12
[25] B H e
26 0.18 um CMOS 139 pW 12 500 Hz 224 pg/Hz'" 278.49
[ W u g
A3 0.50 pm CMOS 23000 pW 300 Hz 0.154 pg/Hz'" 204.50
- ZHANG Tao, WANG Yidan. The development path for
5 é:l:ltﬁill:l

ARBEFER: B 3 J1 F R 5 =B A P 4
A TR EIZR, BA R 38 4 4 e
RS R G, B T AL G AL IRk
#HE LT 2 | BB TUAR SRR S E
MERIHE AR, ZRBF5E R F Simulink 174 2 A A
AEFA AL SR IR, 454 0.5 um CMOS T 25 5¢
LT 42254y B g R A R A K, PO
AR RN 7.8 mm®, SCHEEHR R 7£7 VAR
H R L RIS, 2 A% TR AR AE 300 Hz TR 9 N 1k )
1.5 Vig R . 154 ngN Hz 25 % 5 A M5 J
0.065% FEZEPEE , 1 Hz w9 T h VLB 4 A
136 dB, fhiEfe e E 2 28.2 ng.

R B PEAR B AR A, FRATE bR fE AL
i 0 PR (FOM) 5 35 4R S AR 04T T X AR 434 o
W2 froR, ASCHYINGE B AL 4 275 FOM A K
204.5 (W - pg/Hz), $E & 3210 i1 5E in ok 5 1% sk
L. ABTER G MERR LR, IR T TR
AREEL TN . ZBR A IE T MEMS 4R
FE 7K 7 P00 S5 88 1) v kG BE L AT AT M, /N AR
BT T2 1 4% G b iR WE I 3 & I D BRI A,
TRV URBIER . KR 28 4 Wa T B AL 1 7 figt ey
%, HAHEZEM TRENAMES TS ).
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