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Design and experiment of high-overload capacitive

micro-machined accelerometers
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Abstract; In consideration of the requirements of micro-machined accelerometers for enduring shock
pulses in some special high-overload applications, a comb-finger capacitive closed-loop accelerometer
with triaxial shock resistance was proposed. After analysis of the shock response of the closed-loop ac-
celerometer with a stop, it points out that the flexible comb stop designed in the sensitive direction can
reduce the impact force among the micro-structures and the modal separation and damping in the in-
sensitive direction to strengthen the shock resistance in y and z axes can reduce the deformation and
dissipate the shock energy. An impact hammer test demonstrates that the accelerometer can resist the
acceleration shocks by 13,200g, and 102 ps respectively, and the bias drifts is less than 5 mV after
shock. A prototype was designed and its nonlinearity is less than 500 X107° in a full scale of +10g,
its bias stability is 0. 27 mg for 1.5 h. The prototype can basically meet the demands of inertial meas-
urements under high overload conditions.
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Fig. 1 Micrograph of accelerometer’s micro-

structure failure after shock
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Fig. 2 Sketch and micrograph of flexible comb stop
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Fig. 3 Simulation model of closed-loop micro accelerometer’s shock response
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Tab. 3 Calculation of damping coefficients
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Fig. 6 Prototype of closed-loop high-overload micro-

machined accelerometer

Pt B L0 B . R BRI T IR S B #E R
FH R e AR R T I R . 1.5 h I R
BEREMERN 0. 27 mg, WA 7 B, & Bt
K5 Vit B £ 10g, bR R B Z R 300
mV/ g M8 B AL LS R 2 RAEL R T
500X 10° , K sk 3 o,

179

1781
177
=4
2 176
=2
E=]
175
174+
173 . . . X . .
0 1000 2000 3000 4000 5000 6000
1s
L7 i R v T R
Fig. 7 Bias long-term stability test
x4 1 2ERBFLRBER
Tab. 4 Centrifugal test of ==10g full-scale
NAEE PN i s Remd AN iR
T () /V HE (g /V
0.0 —0.084 783 0.0 —0.094 867
1.5 0.362 007 —1.5 —0.549 619
3.0 0. 806 950 —3.0 —1.007 571
4.5 1. 251 563 —4.5 —1.466 128
6.0 1. 696 133 —6.0 —1.925 175
7.5 2.139 127 —7.5 —2.384 538
9.0 2.584 817 —9.0 —2.843 793
10. 5 3.028 411 —10.5 —3.304 561
ek 26810 ° AR LR 412X10°°

4.2 fump i ge Ak

0T B UEAZ SO AR R T B BT e o BB T
AT SRS R BEAT 3 AN T7 b i . 18T 8 T
78 DA i ST B o ol T i R o ol 3o



ples

k% TR

522 %

Shock acceleration(g)

~15 009

Uout/N

=10 000

Ca) Th BCRE AR v of 35 25 A1 2 2
(a) Impact hammer and the test specimen

5000

=5 000

[ —15 000

04 —0.03 002 —0.01 0 001 002 003 004

ils

Cb) vt Jon 2 2

(b) Shock acceleration

[

0 10 20 30 10 30
1ls
Co) v i R 4l 14 o
(¢) Output of the specimen in shock
B8 i

Fig. 8 Shock tests by impact hammer

SE

(1]

(2]

(3]

BARBOUR N M. Inertial MEMS systems and ap-
plications [C]. Nato Rto-en-Set,2011:1-16.
PASTRE M, KAYAL M, SCHMID H, et al.. A
navigation-grade MEMS accelerometer based on a
versatile front end [C]. TECON 2011 -37 th Annual
Conference on IEEE Industrial Electronics Socie-
ty. I[IEEE, 2011 4038 -4043.

FRA. MR R — AL e ik M. b
AU E R A, 2002,

DONG ] X. Micro Inertial Instruments

Micro

H L I R A g . ek R A S
5 min fi & 5 ol o R e B L, v S
R IR AR A [ 2 26 00 B, R SR 4 5 min ik
FE T e . 2 5 % e T i S n e BE T O
ARG, S50 2 B 20 R T RE 6% 43 i K
3 A5 13 200g,102 s 4w 75 1L wh ik A
Ji A B R R AL AE 5 mV DL K i S K
SFRITE 1 s A, 43 #r b i 60 5 O B A2 10 B9 5
DA L A 455 i A7 5 0 3 B T F 8 AT A AE 58 4 AR )4
PRI I R AR b 3 R O I R TR RS LA K b ik
JE A N 15 R B A TR N

x5 HmEHFAMEMEREITRETHBR
Tab. 5 Bias drift after shock
s i wpilmrE opdEE shhnr o wpd R
=2 . JU.

i AWV SRS/ V ORER/V O EEE/s
506% ax —0.772 91 —0.777 12 —0.004 21 0.2
502% y —0.970 17 —0.974 79 —0. 004 62 0. 31
503#% = —0.193 69 —0.194 41 —0.000 72 0. 24
5 £ #®

RSO T — T =l i e e A A P PR
BUBOINSEE B 3 B9 B T A 3 PR RE 98 AR A0 5L R 2
Aol SR A RS R o B Bt %
TRCBILA N 2 B2 T BE A8 23 0 4R 48 3 S J7 1] 110" g
DAL 6% ofo i on B8 R T o ol U O R RS TE S
mV Ao i — 28 TAERT ZE0E 5 A A bk 98 e o i
T T AF I BE O LA K o3 B bt S
PEREAS A Y DA 2D ol A i B PR RS RS &
HAR R & A FA R REHE

Machined Accelerometer [ M]. Beijing: Tsinghua
University Press, 2002, (in Chinese)

X, fEAAE B 20 TIOMUBRG M A% RS 1 B R
MBJEELT] & F A% T 42,2003, 11(5):425-
430.

LIU W, XIE X H, LI SH Y. Present state and per-
spectives of micromachined inertial sensors [ J].
Opt. Precision Eng. , 2003,11(5): 425-430 . (in
Chinese)

HARTZELL A L,SHEA H R. MEMS Reliability
[M]. New York: Springer, 2011,2-6.
HEERTE.EMF OBHTELHREDN

(4]

(5]

(6]



4

B i B o 26+ ri 2 o o 2 RO LA A 3 B T Y i S S 925

MEMS JEH A Iy (e i ar (1], k¥ % 42,
2012,20(3):551-553.

SAN H SH, SONG Z J, WANG X, et al.. Pie-
zoresistive pressure sensors for harsh environments
[J1. Opt. Precision Eng. , 2012,20(3): 551-553.
(in Chinese)

[7] STAUFFER J M. Current capabilities of MEMS
capacitive accelerometers in a harsh environment
[J]. Aerospace and Electronic Systems Magazine
IEEE, 2006, 21:29-32.

[8] HIRATA Y. KONNO N, TOKUNAGA T. etal..
A new z-axis capacitive accelerometer with high im-
pact durability [ CJ. Actuators and Microsystems
Conferences 2009: 1158-1161.

[9] YOON S W,LEE S,PERKINS N C, et al.. Shock-
protection improvement using integrated novel
shock-protection technologies [J]. Journal of Mi-
croelectromechanical Systems, 2011, 20. 1016-
1031.

[10] TAO Y K,LIU Y F,DONG ] X, et al.. Experi-
mental analysis of MEMS capacitive accelerome-

ter’s shock resistibility [C]. NSTI-Nanotechnol-

1EE @It

MK BR(1989—) . B . ZRAE N 1
WFoEE 2010 4 FiE 4 K#F kB %+
SR, BN AL AR N o B AT

E-mail: tyk06@mails. tsinghua. edu. cn

ogy 2012. Electronics, Devices, Fabrication,
MEMS. Fluidics and Computational » Santa Clar-
a,2012:451 -454.

C1L] xIeesh, 75, & ik . MR A A Ui o 1 5T

20y CMOS # ML B[] A% % T4,
2011,19(3) :581-585.
LIUX W,YIN L,LIH T, etal.. Full differential
CMOS interface circuit for closed-loop capacitive
micro-accelerometers [ J]. Opt. Precision Eng. ,
2011,19(3): 581-585. (in Chinese)

[12] TANNER D M., WALRAVEN J A. HELGESEN
K, etal.. MEMS reliability in shock environments
[CJ. Reliability Physics Symposium, Proceed-
ings. 38th Annual 2000 IEEE International,
2000:129-138.

[13] M@ EEXAXBBABEEZHRITEZRLE FEAR
[D]. Kb ER R AR K, 2004
LIU Z L. Study on the design theory and method
of capactive micro inertial device[ D]. Changsha:
National University of Defense Technology.2004.

[14] BAO M H. Analysis and Design Principles of
MEMS Dewvices [M]. Elsevier Science Ltd, 2005.

S f & A
h BRI (1948, B, 1A, HZ, 1+
GEm R LRI 1981 6 T UK R AR L

U R SR S R G Y

I‘ ’ %¢ ., E-mail: dongjx@tsinghua. edu. cn

(RIETE REWWT FEEH)



