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Interface noise detection and digital closed-loop control
based on capacitive MEMS accelerometer
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Abstract: Optimizing detection interface and adopting force feedback control scheme can improve
the signal-to-noise ratio (SNR) and the performance of MEMS accelerometer by changing the
circuit parameters without affecting the sensitive structure of the MEMS sensor. Based on an array
differential capacitance sensitive structure, the capacitance detection interface circuit is constructed
and the output signal spectrum is analyzed on the basis of the equivalent capacitance model. It is
proved that the single carrier capacitance detection has better output SNR. The STM32H743VIT6
processor is used for digital demodulation of the amplitude-modulated signals. It is applied to the
movable pad as a feedback voltage, after the demodulation value is adjusted by PI control algo-
rithm. and the digital closed-loop control of the accelerometer is realized. Experimental results has dem-

onstrated that the velocity random walk(VRW) of the closed-loop accelerometer is 57 pg/Hz*, which is
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equivalent to that of the open-loop state. However, the bias stability of the accelerometer is im-

prove from 184 pg in the open-loop state to 58 pg, which verifies the effect of the single-carrier

modulated capacitance detection interface circuit and the force feedback control technology on im-

proving the static performance of the accelerometer.
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capacitance detection interface
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Fig. 4 Simulation model of differential-carrier capacitance detection interface
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Fig. 5 Diagram of the simulation result with phase error
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Fig. 6 Schematic diagram of single-carrier capacitance

detection circuit
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Fig. 8 The spectrogram of the interface circuit for capacitance detection

2.4 EXRA

TF B2 fift i 1 JE A Tl R 90 g R

TR U A R DU 1 s R R A S R
Ve () = Ay cosCot -+ )+ VAT B0 203 152 4
V. (t) =Ascos(ot + @), 43 5% H R IE 3215 5
) AH A5 5 AH 36 IF 08 I 75 2

I..=LPF[V,;:(t)coswt | =— %A 1 COSQ,

Q.. =LPF[V, (t)sinwt | =— %Alsingcr (13)
1

[..=LPF[V.,(t)coswt ]| =— ?A 2 COSQ,

Q... =LPF[ V.., ()sinwt | =— %A »sing, (14)



5% 3

TR ) B, 22 2 POL B o B2 1 9 22 100 MR 7 0 AR 5 PR 3R B AR 5 153

E

B9 EXMHAREE

Fig. 9 Schematic diagram of quadrature demodulation

7 LRV 50 AR o TE 52 15 5 0 S AL i 1
RSO A B R o SR 0 B 09 58 2% % 0 O £ 5
RIS A 10 F s

sinwt

0 coswt
B 10 ENSFLRRETEE
Fig. 10  Virtual digital axis diagram

b, 0 ARRIE A 5 5 2D AF 5 22 8] 0 A8 Ar
25 BT Vo 6 Vo J7 1) B A [ 23 5 X FIE 28 43
B Xq 7l h
Ascos(e, — @)

X, = ‘stn cosl = ; (15)
Aa\. ( P s_)
Xo=[Vi Sin@:w o)

Fovp TRl AR 3 X, 2 e 3 1] A 9 28 R 22 A 00 O
TEAT B A T B B AR, A SBE 98 2 % T R (L Y
RN i ] LB et Ay AN 58 5 19 O 1) 5 1E 58 B
X FeWe it I8 i 45 5 5 PR 7 Z 18 09 A AL 22 . B
i i R R A AT B IR

3 ERTERRT

P S SR R o sl 8 3 0 4 e g — B AT T
PRANPABR W AP 5 RN . TR R GEAS T R B
T B, B T A DR AT A T B A A BE 6
K i AT R A Oy v A AR R T R AR I R
S F A A S L5 o T (L AT LR Y TR A S
XA I A 5 AT R R DB At RT LA AR B OB
LR

PH B 48 ) 7 5 0 ok 0 S A 4 L AT 3R R
BRI 11 25t . PR AR G0 Y IE R S T 3R R
GEHEAR—E, AR AT T PR 2 h PT
o FEAT R BE MIAR AL L 1) 9 B, A RE AT O R G Y B Bt
P S G T SO A A Y T Bl B AR L O A B ) S
I B T A A B A

at) - [HOEERT] 0 ac | v,.0
G( 'S KXC K

Fo X | o [
Hp(s)

B 11 IR R R I
Fig. 11 Schematic diagram of closed-loop

measurement and control circuit

R P ER ] R SR B4R A, SR UE BB 1 S
T J3E 5 | 3 A5 7 S8 4 KT L ) AT Sl A A A R
b sz B 109 0. S Hrdn 12 Fioi

Vi Vs
F A
V4V, = . V.Y, d
d+Ax d
-V, -V,

12 HBRENEUERZIHSFTE

Fig. 12 Stress analysis of simplified models of the sensor

T [ AROBR 1 T R R A S Vi B — Vg

Al SRR N R Vo R EEN Ve, AR
B AR RSB RIS Fooh

GV Vi VO (Vy =V — V)]
2d

Fy

C C
=2 j)VBV[ +2 j‘vﬂvc an



154 S E 7 B 2024 4F 5 A
P T B0ER 25 1 A R o &R e E A K GE . [— Vi, + Vi ] Z A8 4k, D) 52 15t B He BE 8 - i 79
2 W% 1 A 4y 1 A A Kk Bz
C, 2C, V3,
F{NZjVBV{ (18) (lmﬂx:i md (20)
MR RGEIE R TAER . ROt 15 i B A5 ok YRR S [ I, DA B I BE O Y R S IR

HOR1 S A B AR Sy U PR i s N e
Js 5 g AT E 8 O &R
Fy

Fe 2C, ViV,
m md
e, Bt H e Ve 5 A R R Bk M ok
0% e AT D R O 5 B 98 15 B B A
JEE
WA |y TRt Ve HURB A T A B 3 H

19

a

Bl HL 7 5 BIE H 42 T 3K 2h L R R BEIS L RE S
TCBR B R Ge i AR AR AR SO SR R
A AU S A R 1 T B LA R B Ok A
N 38 I8 1 T i A L R 2% B K Bl H R o 2 L R G AE
FL U T v X 3K Bl R R A T T TPk

58 FIRAHT . R MATLAB #4521 AR 1%
B0 I ST I 4% A Simulink 47 BB R, 40
E 13 fis .

U 5%615%1 Bl 52 Ak
' FUnL LN i butter butter PI
o e Ty Tl P3RS
%‘
<] ] PR
T S
B 13 HFIIR$E B B Simulink & E

Fig. 13 Simulink model of closed-loop measurement and control circuit
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