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Abstract: A miniaturized Silicon Resonant Accelerometer(SRA) consisting of a MEMS (Micro-electro-
mechanical System) and an ASIC(Application Specific Integrated Circuit) readout circuit is designed.
The MEMS sensor is fabricated by an 80 pm thick SOI process and the noise in the ASIC is reduced by
a series of vacuum packaging technologies. Firstly, a vibration signal is used as the control signal of a
chopper in automatic gain control circuit to reduce the flicker noise and extra power consumption.
Then, a multiplier in the linear area multiplier is used to replace the traditional Gilbert unit to reduce
power consumption by sharply reducing system power supply voltage. Finally, a reset counter is
taken in digital frequency conversion to inhibit quantization noise in the concerned bandwidth. The ex-
periments show that the proposed SRA achieves sub-ug bias instability and 2. 5 pg/~/ Hz velocity ran-
dom walk within £230 g full scale. Moreover, to reduce the temperature drifting due to self heating,

the power consumption of the SRA has been carefully limited under 3. 5 mW. After integration, the
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entire prototype occupies a space of 45 mm X 30 mmX 20 mm. It is characterized by high performance,

low power and good miniaturization.

Key words: Silicon Resonant Accelerometer(SRA); Application Specified Integrated Circuit (ASIC) ;

SOI process;vacuum packaging; miniaturization; low power
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Fig. 1 Schematic of silicon resonant accelerometer
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Fig. 2 Cross-section diagram of vacuum package and

SOI process in SRA

9. KliLbFHAE i
(I |

10. Hh RN (4

I

R

LSOLB e S wBokAL

o b

. RERTC O

_ T AEILA E =13, Sl ;

- ’ .E_‘—‘ _..2

" 3RIE #[nlbid '

IR T Y DRIE

14, [y Fesssl oy

M3 fREE SOl T A HmRERE
Fig. 3 Flow diagram of SOI bulk silicon process

SOl T2 an i 3 prst i e Fl ik
ZIh AR ATE SOT [/ 1 T2 5k T8 B2 44
i o 310 22 AR Al ek S B AR 2 A M BRI . SRS TE
MR TR A 2 1 A K R AR 2 S B U
1) LB 5 7E SR AR 2 ik s s A R S At 2 Kk L
S TE B R TR K 4 I 5] 4k A R O S B 4 ik
B 0 B IR ) R R A 3 AR e

fl. BERAS-mHEA AR FZ RS IKZ SOI
] 5 o Joe 2 S ML AEURR 235 K 11 ) e ) L s o

RS o R I BERIONE 5 5 A N DS 0 e
FEAT AT 0 KT Ay R o o ek 28 Ak %o 2R 9 i 1 1)
SO, PRAE i T, SR BT — S it ke e i S
ST TR B AT 1 T DN A e 28 I sk
JE R EERON . 0 T 58 Ak R IS PR T R AR
U6 R RO R I AE 5 Hz/°C LR L5 80T 200
ppm/C,

3 FAK R IR

Tk DRI IR o 2 T 1 152 R B i g
P BT 3 ] e S o i 88 3 1) i o 1 IR R K,
H R B O TR AR G Y i A AR E JEE R DR S [ I
i EETE R AR IR P 5 AR D RE D TN LR AT A B X
PR Bt . 1B 4 BT R A ik GO I =0 3 5
P LB R GEHE AT L A R, R
3R 5 4 15 L B RIS 3R 152 R B

] Oscillator Channel 2
Oscillator Channel 1

5

parator,

&4 Ao i O 3 B 3 S G 8E A i AT 5]
Fig. 4 Block diagram of overall system of proposed
SRA

3.1 IRGHEBERS

N T R 5 e — 4 MEMS i
e 7 R 1A B AL PR 9 2 . MEMS I8 4k 2%
(A R/ IN AR Bl Fl e 11 P 25 T At 1 559 L R O IR TR
7 8 BEL R R 4 L B Ak S i TR . TR R &
(4 3h3 25 72 CAAC) L il 5 AR 5 3 4R 2% IR
S TS IR A 5 RN PRI s IR 2 IR Bh L B
TR R E . MEAh, O T REAR AAC HL S ™ A 11
DA 75 Ml 7 3 — A 8 R IR A4 e 8 A e L AT
REAR L 3 i A-S &L R Xt 3R 20 M R R e M Y R



1930 tr KE TR %24 %
M AR AAC HL B I T T i 9 B B Ok VDD

DR IR 2 T LS 5 e
St R 0 14 T 9 8 4R 55 S0 3 L 2 7k e
7 51 B R B K BB I T 9 5 B ﬁ@“
3.2 KEEPIE R R KIEIT «—Rectificr-» |« Erramp »|«Controller >} " I-\.K: i

5 FER R ¥ 7 v b 45 R R Y o B R
FRIE, & 5 Ca) Sy IR A 09 4 38 JE =X 85 BHL 7L
K. 5 —Razs A B i B 28 AR s i
2B ) Bk 23 AL B PR I S i AR B S 15 5 3 3
(1 TR B, SRS AT BRI S A0 T AR 5 A L B gy
P00 AR TRt MOS &4 8 O L B R,
HEATAw B A8 T R T B X R &5 A AT LA TR s
PR AR IE BT R 2 R 20 0 B RN R B B RS
T EHEAT F 2 B . AR A S e
Z 1] ) A% 368 RSN

Hoa(s)= CRRes

(R,Cy s+ D (RCy s+ 1)

BRI O C, AP A&
LI T RE (B 23 1L 38 56 — 908 i i A 530
M BRI A S B R T LR AT R R
i, AR C2) L e PR & 1 40 B B 3T L iR 7
fR S LIS 25 R (C,/ C) Ry M HE T 1% 48 (1 5 B ik
KA B FIE AT LU 48870 (1 BEL (B> 55 3 K
F14) 5 30 1 BEL 348 25 o DT % figt 0 K i 9 L e 7 L Ty
FE 2 IF] 1 A LR 24 . 38 FH 1 3R e O s Y A
BAFS R . Fe 8, AR A% TE W R B AR % T4
b 0 [ BE L AL = A 7 A/ Hz B, 3 HAX
THFE 600 pW Iy 1191,

5 Ch) B g 2l 3 25 45 ] F I S Eh R EE A
28 U805 2 IR B D Dk 2 A5 A . v R A
) 2 308 2ok 0 A P U R B o S I, L AE A
JEE 58 IR 2 3 4 oF {32 B R 1 7 A R E
B 32305 57 532 B 0 R M DA T S e R R L, Ok
T — X I T ARG I B ) (RN 2 2 R B

H e 1 e
Resonator [ H :
, oo Loy PR

(2)

Gy

N e L

Vast | Ry I
AL

v

el

I}, {'\.__; IPI# ﬂ ('|; J}glmd
i G ; G .

. - = (G _”___ Cload

['-g.f H ”i_”( II —0 ll'l‘!l T I"._

............... Ry

- Vitise vt
I

3

Ca) T 3 K 4%
(a) Front-end TIA

(b) H 23 25 12 1 B, B% (o) AT AR 34 25 UK 2%
(b) AAC circuit (c) VGA
B 5 S FH AR AL R B Ji 2 ]

Fig. 5 Schematics of key analog circuits
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