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Fig. 1 Piezoresistive effects of MOS transistors
(a) MOS transistor located on stress sensitive areas:

(b) MOS transistor located on silicon beam
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Schematic diagram of ring oscillator ac—

Fig. 2

celerometer
A MIERE o 1EHB, t T BN, 40 A femk

GEEERE N A0 D PR AN IR T 41 37 4 TR 9 3 0% e
- ’J&‘HL, DT AT e 2 i 1) B 32 DA< 38 T, i A [ 4

TR 2 2% 4% 37 A % 0k /S, LﬂJﬂﬁmJ.l'bFﬁ%n_u
AR ST I AH Uk, AN TR AT 25 i (P AR A ek —
UG 308 30k 2%, W P i ks I, TR RIS S JE;J.
WSS B8R, whn] LA B o R

T T TR FE A S PRV A R AT IR % 2 A
AR AR, ;Lau.Lf“" FETURAT T N A —
BRI, SR AT S — PP UE R o, KRS TN
1‘-5%4&?%@%&-??%%%%. FiAk g v i Xobn 3 5 v AH
Pl e, T4 Ol F g S P DA A F A 1T o, AN
RGO DR %, A0, RIS EAN B NG
R BRAS AT, W 68 ol /)N T8R0T 4t 1 s e, SCnT LI R
KRR SERIESE 5, 8T Jo Ab 2 LR 1) ELFE N .
FIAE G5 19 FEs BEL 3 bn 3 8 - AH I;I:ifz A4 =X 3 i A%
JRES AR UL B AR 5 RS S, B e
JE ey, A, A 45 1% s BEL X n 3 2 v b, BR R X
T T R A I (il S P e ol TR

3 IMRIINEE £ AR AR

3.1 RWRHFBIKITS S

PRTE A 35 5 b 25 B0 SO 2 17 R AR E R 1
el 3 P, Hede G B B 1 SR 45 ) 28 38 B[]
A AH 4 (19 2L, ‘Eil']ZI‘HJ[f‘]JMFiQ%ﬁH'F:

f= 2!11'!1) (1)
o Ok SOAHAS (L o A SOAH 2% 1R E 3R ] (1]
E AT AR RN e AH % T [A] ¢ FIUR BRI TR] o0 1R R
.

= (2)
20,

b= o (V) (3)
2C\.

(= o f (V) (4)

L N A P EE, Cox N ROAH 25 1 At
HLZE: £ o(V) Sf (V) R DA A R R B 255
DL B R IE S, B4R 37 2 (418 4 S 3 W] LR R i
IR o KR E:
f=~z(;£><f V}+1f ' (5)
MEL E 38 n] LA H, ffi/‘bﬂﬂiﬁ?}ﬂﬁl e A1 A
R0 AR (PR3 8 4 Bl 1 B T e o A A 1Y) s B0
PATVENIE, S T AR LT S 7 B 52 311



1320 RE

g ¥ 24 %

EH N P 5 2 F R g, T DA, 30 s A 0 A T 41 9 2 1
A (1AL AL, AT DA BB 1 .

WATIR U 2 7 Z Al i 7 50, e W A
NMOS-PMOS fl CM OS ¥4 ik i iof b 4%, w] B
RIL, NMOS HAT 3% a8 I 4E T2 ) 4, (HE 4
R I LB 2, A7 E B 1 K. CM OS AT IR % 2%
(P o e, (EERIAE T2 b A 2%, i LAA SCR
PMOS M &5, F PMOS 23415 A U oo,
R NMOS @ fEHH L, PMOS 2811 19 i R
KoK, FRBOON TR, IF H PM OS 2344 L% &
b I PMOS L 26 ik, ERA A cMos ¢
SHALE, PMOS T U FE il o, a6 .

Kl 3 4 SPICE HEAT BERLO0 1k 75 21 (1) 2R 3
Vit PR U L R R SE AT 11 R AH AR, S 1A
b HH G T ERAR 16 i HH R R IE SR B, iR AR
fo= 1.5MHz, fth G5 SRR 2 V.

TR

B3 PMOS HpIE & s L1
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Fig. 4 Schematic diagram of double-gate MOSFET

mixer
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ture (a) Top view; (b) A-A"section view
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Fig. 6 Fabrication process steps of ring oscillator

accelerometer
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Fig. 8 Frequency response of the transverse ring

oscillator versus acceleration
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celerometer versus acceleration
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A Novel Digital Accelerometer Using MOS Ring Oscillators

Zhang Zhaohua, Yue Ruifeng and Liu Litian

(Institute of Microelectronics. Tsinghua University, Bejjing 100084, China)

Abstract: A novel digital accelerometer using ring oscillators (RO) and mixer is presented. It is different from piezoresistive or
capacitive accelerometers that the sensitive unit of this novel accelerometer is MOS ring oscillators located on silicon beams.
There are two different ring oscillators in this accelerometer. The output signal is achieved by subtracting the syntonic fre-
quency of one ring oscillator from that of another. The subtraction is realized by a mixer located on the bulk silicon. The ac-
celerometer has many perfect characteristics such as high sensitivity, low temperature coefficient, and simple fabrication pro-
cess. The best excellence is that digital signal can be achieved directly from the output signal of the RO accelerometer. T he fre-
quency characteristic of MOS ring oscillator and its relationship with acceleration are descriped. The circuits, physical struc—

tures and fabrication processes of RO accelerometer are designed. T he sensitivity of fabricated device is 6. 91kHz/g.
Key words: digital acceleromete; ring oscillator; mixer
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