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Abstract: To measure the chip-level temperature and to achieve close-loop control for a Micro-Electro-
Mechanical (MEMS) resonant accelerometer system, this paper investigates non-inertial parts of the
system, proposes a method to measure the temperature of the MEMS structure and optimizes the pa-
rameters in the close-loop control. Different from the traditional method that using a temperature from
a temperature control cover as the conference, this paper proposes design methods of MEMS struc-
tures, processing technology and circuits, and achieves the temperature compensation by measuring
the MEMS structure temperature directly to improve the temperature measuring accuracy. Further-
more, a diode pre-circuit is applied to detection of the variation of the tiny capacity instead of the tran-
simpedance amplifier and transconductance amplifier, which reduces the requirement for high-perform-

ance components from pA to nA magnitudes. Based on the analysis in the time domain, analytical so-
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lution of diode pre-circuit is proposed to optimize the parameters and to guarantee the linear relation-

ship between input and output. Moreover, a second-order optimal mode is applied to control of the

settling time of the post-circuit. Experiment shows that after compensation on temperature, the

MEMS resonant accelerometer has the performance of bias stability of 52. 0 pug, scale factor stability

of 16.0X10"°, resolution of 34,9 pug. The result indicates that the proposed theories can satisfy the

requirements of high-performance MEMS resonant accelerometer systems.

Key words: silicon resonant accelerometer; temperature measurement; capacitance detection; close-

loop control
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Fig.1 System diagram of MEMS oscillator accelerometer
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Fig.2 System diagram of electrical system

M T E— MR 2 P G AR o AR ZE Y
Ay i 5 At 2 T Y P (R Al S IE I
A Dol I 2 2O e B I g — IR R 2 o Al
DA i 6 0 S0 A 14 5 R A 2 18] B HL R S AR
W 2055 2R T A A R A O L B A A L R
B HEAT AN

ek AR 22 O o 2 3 5 I R 2 i 25 T
PEAERARIE SRR ZS . O T BRI IR RS R A
PR 7 P VRl R R R AR A R AR S

R W T B R IE R D B A RS O 0°
FLIR AR BCORAG B 150 0 B, 18 2 B4 T B A
EaE 2 IR,

FoAHER % b, 3 aod R B2 SRR S B AR 90°, Bl
Iran A —90%, PR SO, LB TR AR IR RS
1 BAHES Sy 0720,

Rt B B 119 2y B s it i 9 S A S IR IR A
Fa B TEBLE M Ao b W6 T H WUIR 5 0 % T

I A R AR RO 1 2K,

kG ) L B A S T R T S T B
BH B e 2 v B8, FH 100 005 v B L OES U
Pt A PC 52 e £ 3

SRS DN FL B ) R R AR UM R 22 () —
f2) . PR 3 0 25 R A5 5 Aicos (2n fit+
o (D) Aycos(2m fyt+ @ (1) 22 T 1% 4% 13 1 I
Y8V R Y R AR S A SR A T 224
LRI 22 3 S5 AR SR CfL— £, B AT 45 2]
A EE a 1K,

3 BB S

3.1 BERKRMNAK MEMS &4

5 MEMS 45 #) 5 $2 1) PYREX 3¢ 55 5K
HEAT R AL B, 8K )5 SR 3% 58 ik e 20 R . B
i YRR JE R RS 100 nm AYEKFD 200 nm )
B i JE R R B8 B AR K S AR N
BH., i T B an & 3 rhan L pros . [ v
HE g5 M RN T8 R G ER MY I .

Py Bk PR BHL R A R B R 2 4 A R &
LB BT AR B, 2 i T 58
s i B BEBEME S 2. 10 kQ.

E

A3 A LB I T 1A

Fig.3 Photo of platinum resistanc on 1C

3.2 RER Y E B R

N0t P, B S R AN ] 4 s L BE A R B4R
R BEL T P v e e S BRI R A R Rec R
AR A BB A B RS 2 I8 0. 0106 (9 i
KB HLRH

18 TR i O

Vo — 5RP1R2

RR
P T P JEL L 17— R i i T P o L
2ot Sas e i R AL AV, IE T R Y

(@YD)



55 6 1] WL EE R S O R T A IR R ARG K A A A o 1593
R __ERE o
T~ i
AN/ A AN | i
R T R ) Ji S BIANE Yy 1
Rpy Ry T i 4
1+ - ¢ | | | Bl ]
Ry = Rl :I
=  J
| : |
3
+5V — Wj|Wjajaay
o —L. SR d
A .
B4 0 H 3
Fig. 4 System diagram of ciruit detecting Bl 6 RSP A A ) 2 ]

AR AT, HIPUAETT HIZR & AV, BEAT LA
AU R BRI AR LT 0.1 C

4 WE-METEE MR
4.1 R R R

TEWEPRAR A B — M IR R A B I 5 fr
N o AR BRI IRAUR AN T SR AN 6 TR

5 RIS R 2

System diagram of inverting mode

Fig. 5

] 6 R B A B2 IR 2 19 2 A 1 R R A SIS
WA ERE Z BRI ES R C.C. BT
(C -Co) 5HRP P &« Jr 10 (00 A% W E o, i
TR CCy -Co) 15 5 19 450 36 7T 0 4ig 2 11 4k 3h 4
B R A SRR LB X (G -Co [R5 i
(g ol

Fig. 6

System diagram of resonant frequency
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Fig. 9 Experiment result of diode circuit
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