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Abstract

As one of the earliest sensors in the field of MEMS application, MEMS accelerometer is a micro
electromechanical device, which can sense the acceleration components of objects on multiple
axes. Today, accelerometers based on microelectronics and machinery have been widely used in
space measurement, inertial navigation, consumer electronics, automotive electronics, geological
exploration and other fields. Their weight is often only a few milligrams and their footprints are
invisible to the naked eye. This paper summarizes the development history of MEMS accelerome-
ters, focuses on the structure and principle of early oil damping piezoresistive micro accelerome-
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ters and air damping capacitive micro accelerometers, and analyzes the development trend and
application of MEMS accelerometers in recent years.
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1. 531§

MEMS (BRARGIE-THLAR R), 5212 4 1 L (1C) 1 A P B AR AN I LoD T T 2 S48 Ak
FEIREE . T/INBAT 2SRRI T8 — AN B2 AN i LR MU AE B R S8 . MEMS B AR BT AT LLE 3 21
1967 4, FE[E NP2 5250 % Nathanson 25 A ¢ TR A A 1A 48 FO AR (0 BIF 70 ) SR, SR FH % FL OBk
MR, 2R MEMS 12T I 5. 1970 4, 3£[E Cellulite A = RIIHEA T S8 — G RE s A
FEML. 1977 4F, SE[H Standford KA AEHE S & 5 — iz H & 1l PR il bl e, 50 7 X i e oF
IEH RGIEEAC . 1979 4, Roylance L. M 1 Angell J. B Bz ILEHFFEH T —Fhf: T KOH J& Atk
TZRA U B B2 v, Xt it b3S — MR AR e B2 v, e b ot S D B e i G A 1T A
TE 2 Y a4 S SO RS R A P SEL S A 00 it o £ 338 82 i 5 | A2 PRI 82 3 K /N AR Ak [ 1] L JS ADIL
ST AwIZES 2y I MEMS DR FETHRIRE T, S0 1 RE RBOR . 1993 45, SE[H ADI 2 ) Bk 1
AU e B 7 BB B S B R G, Wit T R 2 SRR T RO UM TR SR H s =0
HIE T ADXL50. £ T 20 tHhad 90 44X, i BH e iz i = S BB B, 23 A0 BH e 38 Jok 451 dann B A A B0
FE DR 2R AR ST A A A B ARSI o TR, BT CMOS HLER RIS SALBRER, H
AR I Ko BEAMESEH) “AB N T " AR TR Z 3P A R, 50 MEMS i
THAZW R “ RPN T frAE . 1991 4, 3£[E Analog /A 75 Siemens A =LA A T 5 EHE
AR ERE T 2R A= 1 i R IR B T, 2l B T R B E SR R 5. el ShadE
RS BIMOS L 2T BRI THAR, ENUMRIM ARG 5 i B B 5 3 1 W) —FhiE v E[2].
2006 4F, EE G VI TR ikiE 7R H HARPSS (SR % b 2 56 5 B di ik 45 A7) FMIKIE 5 CMOS E R L%
i (AR 1] PR AR O B v, POl R T DASRAS B s R B L ) P b 4 LA A B /N RS (R, G T
DA BN 2 LA AR 7, AT N T A 2R (N3 2 R [3]. 2008 4F, B50 = KaEd i 7 —Fhik
T B R 1K) B R AR BRI E A X = N i, % = R0 T RE SR R ELE XL Y. Z =AM 5 1A R
LIz s [4]. BE G , ZE TSI A MEMS T2 1) MOEMS I 1328 M4 , 2008 4, Krishnamoorthy
U $2H 7 IEKIE IR T MOEMS JIis FE v o 12 M3d B v ] DL It Ao P75 5 ' 1) 't s A Wl 3 2 7 KD
HRBUEMR S, HRIN T RAER K, R S [5]. J5K Seok S5 NBLTT T — e R B5UE S fh iy
PR E T, AR BRI U S EOAT T A FLAEAR /AN 33 RS R AT RECRIRAR s 1) R B
[6]o [RIRT 23 AT 1118 e 1 6 T4 e B iR O ol B2 o H (R 5[ 7] JE4FR, MEMS I BE 1 7E R
W g E, 5T IEESE ST IMERE LA TA R KR, 2020 4 Lima 55 A$2H T 2T Sigma-Delta
VR R /N R B2 A 2R P e 2 O B v, A2 B2 v ) DA R v b S N R B 3 2% 240 8] G. Gattere 55 A
WFEH T —FhBE S HE m 38 PRE = g phile N BRI I — Bl 2L F 28 30 MEMS I B2 1H[9] .
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Figure 1. Schematic diagram of cantilever beam. (a) Single cantilen beam
structure; (b) Double cantilever beam structure
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Figure 2. Schematic diagram of the structural structure of the
early oily resistance-resistant silicon accelerometer [10]
[ 2. RHAmPA e E PR R NE B T4 R B E[10]
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H T G I PR L G5 K PO 0 o PR A SR R 1) RO BOR, ANTRIHLA T 46 JR SR AN IR FR 45 44 SR /N A
P A IR TR ) R AU . 2000 4, 32 [E 1) Aaron Partridge 25 AT 7 — o ) () B ARUR 1) e BEL 5
JEUT S I AR ) B T AN SORAE BRI NV e BH 2 A% T 1 REUEA 3 mVg, [ A% Jy 700 Hz [11].
2013 EFRIF K AT Bz S H BB T — 3k =l s FH A id FE AR i s, A% IR AR A DY A4 DY ] S e 4
o), TEAGHR R AR S AT — 2 STl ra A & X, Y, Z =I5 3 N T AR R
B, HAR ~R LT X M BT HAR, Ry~ Ry 4R T Y B A, Ry ~ R 4k 1 Z fhiv
AT, —4LE IR R = A LA & X, Y, Z =R, donsAn AR st
J7 B Loy B, BRI A T B QS E T U, ORIV 1R T IR R RN, . XA R
RTINS P T 25 b 7] SR ABCSE 2 ] B R Il 4E 5% LA R [12].
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Figure 3. Schematic diagram of three-axle pressure resistance
acceleration sensor structure

3. ZHEME RN E L RIS ARIEE

2014 4£ Anindya Lal Roy 25 AW T 3T SOIMEMS.CMOS . & (AR g 18 ks s BH 2 b sk 82 4% Jak
B, UARRIESR XGA YR EE R, AR AT A AN RRE, E 1.54 kHz (AR T, 2SS
AL SR 0 RBUE AL 4 mVIg, BRI REUE/NT 1% [13]. JE T3 s i 2%, 2018 4, Liu
5 N H 4 81 Bernoulli-Euler FREANE T S A5 N A0 B4, BOm it 7 —Fh24 T Timoshenko %
PRSI e B AR B T B, 7E I eh o [ e B A AR MR 128 O B Timoshenko %2, 5 7Y
AL T RS AN R, 8 HAE P 3 200,000 g I AE LA B RO, R 12 45 4 i bk i
HA 0.4 pVvig FIREE[14]. 2020 4, R. Mukhiya 25 A4 H T —Fh 5 BH X B Sz 43 32 00 3 2 i ik B s BH Q
DR FETE, 2 BE e R e BH A% B AT SR A3 AT, IS T R SR 2 [A] [ AH
AL, FEAAAE TS SRATZE DTS DL, T DA i i 2 B Ol vl s R, i@ A PR e A ot
P IR G5 R ST IEAT T A4k, s BT R S A 240 0.54 uVig, EHRAIZE AT ik 445 kHz [15].
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Figure 4. Mechanical sensing structure of the capacitor detection micro-mechanical
accelerometer
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Figure 5. Capacitive micro sensor structure [16]

5. RN ML RLERLEI[16]

B T G900 38 8 T 5 ) B RS N e % o 2 AR LR AR, I R TR 10 AR e ME TGV AS 2R IE, 1988 4
Huang S. M 25 AWt 7 —FioRs A s 737 (6 Hi iy 70 e FRLE 2% PR B ) P B %o L Ay 7 T30 RO 38 v 4 1
KRN T Z A g i sem, Fem 7RI E T RGP IREE /I[17]. 2007 458 W S A R 0 sk
FETHE GRS R R, Roetk. REUESMERETRMR, I H THK MMA B R
FEwE . FEtELr . SERT B S5 1R [18]. 2020 4E, AR SRR NATSE N AR s R R R Wit T
TR A A MEMS DI EETE, I EETERA CH T F R TT %, R IHORT i R H
R R B A R, ARG R B, i B e e PR T 100 ng, REBUEZ1N 80 mVig, FaiE
PR, HiZnEEEidAEE R HA 4mm x4 mm x 0.85 mm, RFAEH/N19]. Jask, BEEE B R
SRR R, SREROINE B T O AR R AT TR, SR AN = Rl Aol B T B A 9 AR 18 8 FR T
A%, 2005 45, Chae & A$RH T —Fh =BhAONNIg BETE, 20k B T bl = BRJ P Bl o i v 2H e
R RBEIAR T 2.9 pF/g [20]. BT Z Hlmd BTSSR sz 2h 778, fE2 5 MEMS g
FEVE Ry = AR AL, R EEXT Z FldhAT B ih . 2018 4F, Mohammed %5 A $g H T —Fi R AR
SER R BB ASTE IR A3 Z Fh e 2 OINTg R T, 2 B R P A A R P O R AN R A, (S
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Z TR FE AR AT, b R TR ] e A (R T R ZE B AR AR A, BT DA SR s I B T 3
AVCH, IR R SO, HAR A REELS] T 12 fF/g [21].

BT AR T AR e ey, AN A, AR, DT A SR B T (R AT 2
23 o R L D0 B T B 9 2 VR AT R A 7 s P . PG AR JEARAS L A ) R
BUE . FRNR SRS . SeiE CMOS HLERSE IS TT THN K, BiE MEMS I L LZI#T, B MEMS
oI v () HER T AR SR i [22]
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s, PTEEME SR, (HILIR N R, 5 S R ANE TR ARG 1 . T H A K
DR TR e, IR EEERS /N, BHESSRERITE AR, R E MR F BTk,

Table 1. Comparison of two accelerometer performance
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PERE 2 Jis BH = i ML SO T
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B U 2 28 ™ B ST, SRS B Rk

rRERE . SRR SN, N T AR A A R RE GO B T GG, ARSI A
BE— 22 ) 2 RO L L B A S AT SE PR T ) R R o (RN Dy T 2 22 T 1) RN LA 5 B 7R K, MEMS
TS L B A 1 2 A R, AT, =4l MEMS Inig T 2@ = A A MEMS g i 24k
LR, FAREE N B A/ NI TR . S0 T =48 R SR A AL ) MEMS IISd FETH A= ORI R AR H AR
F o ARG FREAICHORS B2 B A A0, R ) =l MEMS NI FETHAE = K2 S PR whab ki, .
90 2% i 3 58 HEL 7 M AT B A0SR, AN BT AL ret i e 2 A P T 7 >R o WIRARIMIRARAS L (R L K IUIAG
SEMELF L AR RE REBUZAORE &I LT, X T H AR U T 5 KR8 2 — APk, R 2 — it wt
DR D) ARAWAS RS B G T 2R A —Fh B A 4 R, BB M UKL L IR
AR B A Vi ] R RIS 12 U M P B R L [ 23]

4, FT MEMS FOINE T BEAR AT L, MGIUEE AR 4R 30 [24] 21 F T BT Sl R SR 7T 2 8
R I&4%[25], MEMS I EETHI R JUFREAL AT W At MEMS s 2 i<z e AE AR DL R e 1L,
FA5%E B 07 T AT A DA T RS E o O 13RI TR AN £ 3 B B GANALAT,  ARMLH R iR E R &
B RTINS AR FUR AT RSN, R ARALALER 25 b 34 21 0 P BRI AR 11 4 e -
RIS ARG A MEMS D3 FE v m] I S PR RO BE[26] FA58 A5G (1 FL 5 PR R L e o B
J7 RIS, IXAER] LK@ 3 o A ST IERR K A9 T AOKRBES MEMS SR (42T, MEMS
TS LT A VG FEDRE 2 DN Rl RS KRR A MEMS I T 2 KR Fh LA Vw2 %
M AU 188 6 0 S 2L ) A ([ 27
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