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AFHCIE. Micro-Electro-Mechanical Systems (MEMS) MEEEE > 0 @y fEfe(t & 2 OFEM - A DWW Tl
Db THY , [ESRE MEMS IR E ¥ 3 ICBET 5028 SL, & 7EMNSRD,

F1E [Fam) ik, £7 MEMSINEE YB3 @affeeb 35 2 Lic kv, BEHE, BB, ~v 2777
EOISHASENTIIEN D Z & &R T W5, 20O LT, B5ED B )% MEMS INEEEE & > 3 0 &5 fERE(L & 5T,
BROZDIEAICHD ELTND, /EROIEEY VO FETHDHIV G (1G6=98m/s2) LUTE2ERTLZD
RO BN D MEMS T34 A RERHEIFICHE L SNAMHEEZ REL Y . TOERHAFECOVTH LTV D,

% 2 % TMEMS IR & > 0 @ iEae b & 5 - )Tk Tild, MEMS I IGEE & >4 L §Fl, R OUSHIC
B DUERBEMICOWTH L, BOMREILOFEEZRNTND, £, MEMS IEE ¥ > 3 0 HARR 28 1R FE
R LTc, MEMS 7354 22 W THE, Rk bEEMEHZRICHW OGNS VY 2Tkl &2 s L
DL R LIZE NI TH D Eim LT D, MEMS T /34 AIEREE 2 FIUN U 7- B2 3843 % 8800 B HiEShIC
X DMEE L, 0L FEEEMRMEICHETELHMNTS I ETHMHITE D LRI TWND, o, FEMHEREK & LT,
PEREICHO LN D BEFRORERHE ClX2 < FHERORERHEIEOGIMEZFH T WD, Hhn
R S & LT, BERDINMREIC & AR T 722 < o RN & ABUMINERE B HIEIC OV TR T3,
BRI OISl & LT, @A E L TR TE 2 L RTn2D,

% 3% TMEMS 7 /31 A DARMEE (LA ) TiE, 82 B THRARTEREFFIBEICESE, MEMS 731 A %15,
RAIEL. ZOMREICOVW TR TV, SEMEHCEBEMEI CHL2E2FIA L, ZH L2 BERHZITO
T, MU, BHEES B L CWD, IS, A X VENN AT 5 3 MEMS 731 2 23 E, BB L. )
TICHo, uGHZ2 LU F ORMET A EB L, REFFEOAIMEERL TS,

%4 3 TEFRSEOF BRI EEN ) i, F 2 ZCiam Lot FEICE O & | MR O RIER A
ERHEIRZIEE - RIEL. FOBREICONTIRR TS, LT 5iiERIERAERIHEIR L. 2Ek0iiER
ERIE R AR 2 EA LR Th D, REFREZHWTICRRELZHE L, £/, BIEHERO A THES
R 2 A U T D, 0.18um CMOS 7’ et 2 ZFIH L THEREBRHEIFE ZHME L, MEMS 731 Z L [F—
FEMR EV FEEE U CRTI L7, MR 72 BB A CIRMES REN S SN TR Y . MEMS N E & o A B H Bl
LLTHDTHD EBRTND,

% 5% [HEERPKOBMELSENR] T, MEMS 53 A~EEBEZENT 57200, FRBERE O BT
EHATIC O TR TN D, HEROFBEERBEOHIIELEN T VA X OIETHIR I HFEICR L, hU
TNz R T PR ERHALE T 2V~ T AEEEZHNT 5 2 & CTHRMELT 2 FEEZHLE TV D,
0.18um CMOS fE# 7 = 2 CRIBARE - fMEL. FT U PR EZOMELZBRI-HNEENELNTEY . HK
JERIEE D72 QR 7 v 2 AN RE /2@ bR 2B 50 Lz Lk ~TWn b,

%6 T IMEMS I & 2 OF ¥ o — /b & AEFHEH] TiX, SR MEMS IiEEE e 2 —
IVORERL, F 12T DRAREFF~DIEHTTREVEIC O W TR~ T WS, £, MEMS 734 % & A5 AR & A,
INEL - S REETS MEMS IIREZ > Y E Y 2 — L ERIEL TV 5, KIZ, MEMS IIEE ¥ > YE 2 2 — /L O
BtEAFME L7 & 24, 2 Y EREOENMERE AT T, BoMFEE MEMS JGEE ¥ o4 N B ffeef BEat &
LTUSHTEAZ WML BTN 5,

7R ) Ol ARSUTHE LN EERIE L, 4% O MEMS IIEE & ¥ 0 & ffaelt & HigiirRic
DONTORKEEAERRTNS, £ CMOS-MEMS ###ific L 0. MEMS HHEE ¥ > ¥ O W 7 5 By el &
EHTED LML TND,

PLEATEF 212, RF@SUTFERO MEMS NEEE Y O @R i HiZe 5 LB X D EORE L %
DHEIMNEFEIELT-bDTH D,
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Note : Thesis Summary should be submitted in either a copy of 2000 Japanese Characters and 300 Words (English) or 1copy of 800
Words (English).
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This thesis presents a study of high-resolution micro-electro-mechanical systems (MEMS)
accelerometers and comprises seven chapters.

Chapter 1 introduces the study. High-resolution MEMS accelerometers can be applied in industries,
disaster prevention, and healthcare. The purpose of this study is to develop a high-resolution MEMS
accelerometer, its evaluation, and applications. The target resolution of the MEMS accelerometer is
also described as sub-1mG (1 G = 9.8 m/s?).

Chapter 2 presents the high-resolution techniques of the MEMS accelerometer. The first technique is
to reduce the mechanical noise; high-density gold is utilized as a proof mass, where silicon is
conventionally used. The second technique is to reduce the electrical noise; a time-domain
capacitive-sensor interface (CSI) is employed instead of commonly used voltage-domain CSls. The
third technique is to control the proof-mass position using a high-voltage force-feedback system. To
evaluate the resolution of MEMS accelerometers, a tilting board is used to generate microgravity
acceleration. As an application of the MEMS accelerometer, a high-resolution inclinometer is
designed.

Chapter 3 reports a tri-axis MEMS device with a single gold proof mass and fully differential sensing
electrodes. The proposed MEMS device is fabricated using multi-layer metal technique. Experimental
results show sub-1uG/Hz*? low-noise characteristics.

Chapter 4 discusses the design of a time-domain CSI based on a relaxation oscillator, which operates
without a reference capacitor. The noise reduction principles of the proposed CSI are described
analytically. The CSI is fabricated with a 0.18-um CMOS process. Experimental results show
low-noise response with the relatively simple CSI architecture in comparison with conventional
voltage-domain CSls.

Chapter 5 describes a high-voltage step-up/step-down circuit implemented for the force-feedback
system. The proposed circuit uses triple-well transistors and well-bias techniques, and it is fabricated
by a standard 0.18-um CMOS process. Experimental results show that the circuit can generate
voltages that exceed the breakdown voltage of the transistors.

Chapter 6 discusses the design of an inclinometer based on a high-resolution MEMS accelerometer
module composed of the proposed MEMS device and CSI. Experimental results show that the module
can detect sub-1mG acceleration and that it functions as an effective high-resolution inclinometer.

Chapter 7 summarizes the study and discusses the prospects for high-resolution MEMS
accelerometers. To further improve the resolution, integrated CMOS-MEMS technology is discussed
as one of the key approaches.

In conclusion, the techniques proposed in this thesis pave the way for the development of
high-resolution MEMS accelerometers.
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