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Abstract: A silicon micro gyroscope consists of a gyroscope structure, and measurement and control circuit. With the improve-

(School of Electronic Information, Suzhou University, Suzhou

ment of analog interface circuits, the improvement of gyroscope performance mainly relies on the measurement and control and com-
pensation algorithms in digital circuits. At present, the measurement and control circuits of silicon micro gyroscopes are developing in
the direction of chip technology. In order to accelerate the process of chip-based measurement and control circuits of silicon micro gy-
roscopes, Verilog HDL is used to design AGC and PLL for the closed-loop control of gyroscope amplitude and phase, and Coriolis
force balance for the closed-loop detection. An orthogonal correction closed-loop was designed to address the orthogonal errors caused
by processing. Based on the influence of temperature on the gyroscope, linear compensation was applied to the scale factor, and BP
neural network compensation to the zero bias. The experimental results show that after this control system is applied, the relative
stability of AGC is reached by 124 ppm. the relative stability of PLL by 79. 1 ppm, and the zero bias stability of normal temperature
conditions by 2. 9°/h; The zero bias stability before compensation is reached by 17.7°/h within the temperature range of 0 “C to
65 °C . and the zero bias stability after compensation by 9. 1°/h. The temperature sensitivity of the scaling factor is reduced by one or-
der of magnitude. The research results not only improve the performance of silicon micro gyroscopes, but also lay a good foundation
for gyro ASIC design.

Keywords: MEMS gyroscope; force balance mode; temperature compensation; zero bias; resonant frequency; scale factor
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P12 PURER I A B SR AE AL

3.2 AFEEHEXNEREERENK

FRE BB ARl B, i E 10 xR E e, M 1
AN B . AGC I i S IRE 0.5 V., Z R
B, WSS PT 24 Mg /WK 13 () im, 78 1
AN, BREIE AR T RARHEZE 62 1V, AR R E M A
124 ppm, WK 13 (b) Frzx, PLL it AH 0 BARRS 50 F
B —90°, {HJR K A W B SE AR | 458 T 5% 22 R T 1R 22 1
FALE. TE LAS/INEE Y RE LA 5 A9 s o 22 AR X B3E BE 43
A 7.1 m°Fl 79. 1 ppm,

ARAE (ST 21266-2018 MEMS B {0307 v ), A B2 DA
o R S EREN AR, B —Bh mV/ O/,

o =
UJ = N;Uﬂ’

Hor: U, 85 5 A Al R A Be 84 1 1 - 2418 U,
S A F O E A I B SRS A S R R AU A
KRAM LR .

(16)

U=KQ+b+te an
Horp: Q RBFEIBBURA LR b WG ENL. e U

Hz, @iditihn 10. 61 V 5 8.90 V 1y
Al 5 R A T X B R, U AR R
PRGBS DE R B . 2 H A S 3
B2 2.43 Hz /M 3] 0. 40 Hz
FPGA ith i & Xilinx ) xc7al00tesg324-
2, LSRR E T 7E —40~85 *C. ik
B G RA AR A 5 A

FERGEUNE 12 FioR o G BE SR A0 42

0 1.0 2|0 3]0 4|0 5|0 60 0 iO ZIO ZISO 4|10 :50 60
BENL T PO PO MR AR AR o P 4B Bl /min B 18 /min
S UL 1 B PO P B4R PR B
Bt ADC. DAC #EH R T FPGA 1Y ol
B I o B AL -
BRI, A BRI e 2 Sel T
FilFe i e oh s, TR A M & 3
. R AREHERE SR, B & gy iz
25 o, VRS o 36 B 20 2 R R L4 48 9 5 1 = -
et bR L AR JE . RS422 1 _ 1o
PB4 22 43 2R 38 o 0 PR 4 E AL 0 10 20 30 40 50 60 lia P PR 10°
Bl 7E LabVIEW it [ {b 3% 2 £ o 72 . o e

o BN B4 R B, SR AR AR
180 Hz,

P13 it R AE I i
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B dm, 4. LT FPGA Y fERLRE BR80T I 22 AR A B AR BT 5 -+ 35

HGiRE, A/ fegi# (16) ~ (19) &R EHE K
SF.

Z(z U—%ZQZU

SF = K . s (18)
> —7<Zn,>2
b= LS -E5 (19)
n < n
Horpr: Hn s (EANLG HE MW R R X 2 | AU | »
HE | AU |, 5FEIRER K& 2 1Y LA B 2 b B R I etk
K,,:
| AU | e = max[ | U, — (KQ, +b) |] 20)
_ AU [
K = o 21

o B PR B SR R S o AR IR R AR AR 5 1R B A BE A
BOLACTRIE . AR N BCHE BE R ¥ K, 5 AT

ke — R
P ’s
Yk, (Ty — T 2
S 2 o 0 o, 30 LA 36 E 6 YA E D RO

Fls/ME s ko, REWR FAREEREG Ty AT, Fm TIERE &

FRAI T BR .
FE AN FLTC iy T S A 0T 0 A5 e MRS Al i 11
Bﬂ:%Z %% U, 23)

Hoo . U W5 ORFERTBEIR U . N MSRFESR, K
RFRE B Q T AN A, R 10 s P, 1o
TR T e .

KRR P B RINE S48 TF A1 3R J5 o ek Bl b MR SURE AL
ERE 10 4080)E . WK 1 hed, RS R Z WA Allan 7 22
mE13 (o, (D PR, &it8E. FhfaeEth 2.9 °/h,
B Allan 75 22 T HIZ AR A TR E LA 0. 42 °/h, ARW Jy 0.16 °/
Jh.

3.3 REMMEXR

10, 10, 20, 30, 40, 50, 60, 65 C3: 8 4~iH J&F A,
DR A [ 6L RE A0 T SR Sl IR A 6, LB R R, IR
SR SRR B A A AR R, R HRLE
LG HEE R,

F(T) =—0.1253 x T+ 5048 (24)
TE 0~65 CHAHF 8 AR /i, #4745 B P A0 3L -
+1, +5, +10. +£30, +50, +100, +200, +300°/s.

BB SRR SE A /NI S T 56 AR L DR ROI I, B
A pi i AR R oR A 30 s Kt AR R/ R UG 15 B
BB DRROCRIAUL & 2 . B i s B2 DRSO iR J3E 22 1) 30 ) 2k
PERR.
SF(T) = 1.025¢ X 10° T+ 0. 005566 (25)
A P SEL 2 I AL PR A T 22 A P A T2 DR 38 R T 6
Bepik ik, 7ERE R i BR 5 X AR k0, K IR rbs
FERB — A2 1 °/s. FEFR B B9 A P 4UE 0. 005 6.
BN SE IR 0~65 °C T FE MR AR L N K0 I BEAb B o SR FH R A

BB www.

12 05 b BE PRI B R AR 1 800 ppm/°C [ %2 102 ppm/°C,
BT 1A BER.

TE 0~65°CP s MO0 °CLL1 min/CHi#ERFZE 65 C
Pr¥E, EXDRELBEANZ M E N 17.7°/h, #WER
3R BP Mg MY, Hoh a2 12, 34T B A E,
WMEF 0~65 CHE Mtk 9.1°//h, TERITTIE
A RN E L - YV i N RS I (ER LB €Y
INBEEBIEERS . SR BP M2 ) 45 05 B R B2 S M RE 4R T
2 5.

4 HRIE

AR HTF FPGA R Verilog B (414 18 5 % 79K 3h
IR IEAT R S5 SE B, ke PR AGC F1 PLL /& A FE
W RO T RN . U IERE B X RN O P B R IE SR AR OE
RIS BE, W ISR Z W AT AR & WK . B
IR LH SR . W SRR, WIRAKT,
Tmfa kR 2.9 °/h, Qi B AME)S . 78 0~65 CAER
TEEN . T fe e UK F 10 °/h, bR B B AR £t ol
198 ppm, 7 JE BB BE 28 A80RE e BE A . R T TR
BEASC A I RE L A Ok B R 45 R ASIC 4R 4L T (8 A
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