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Abstract

Since MEMS (Micro Electro Mechanical Systems) sensors were initially commercialized as
accelerometers for Airbag systems in the 1990s, they have been widely used for various applications.
The common detection mechanisms for accelerometers are piezoelectric, piezorsistive or capacitive.
Among them the capacitive type is easy to be produced using the MEMS technology. This study
focuses on capacitive micro accelerometers fabricated using a simple SOI-MEMS technology,
investigates the dependences of their sensitivities and resonant frequencies on the beam parameters
and its configuration, and studies the feasibility of an accelerometer with a beam length as long as the
side length of the proof mass. On the other hands we studies the method of designing the structures of
capacitive accelerometers with beam lengths as long as the side length of the proof mass for
miniaturizing the device by reducing the size of proof mass. Finally, a novel resonant accelerometer,
where the resonant frequency is changed by the negative spring constant generated by a displacement
of the proof mass in the electrostatic potential between the comb electrodes was proposed and the
simulation results of the basic characteristics, the fabrication of the prototypes and the evaluation

results were presented.

Chapter 4: A feasibility study on the design techniques for optimizing an accelerometer was carried
out in which the individual beam has the same length as the side of the proof mass. The sensitivities
(displacement), cross sensitivities, the resonant frequencies and the ratio of the fundamental resonant
frequency to that of the higher modes for three types of MEMS capacitive accelerometer, whose proof
mass sizes are 1000 pm[] were simulated using the FEM simulator “IntelliSuite”. The ratio of
resonant frequencies of the accelerometer where the beam length is as long as that of the side of the
proof mass can be double compared to the conventional folded-beam type accelerometer with 500um
beam. In addition, when the proof mass is 1000 um[], and the whole beam length are same, the
sensitivity of the accelerometer where the beam length is as long as that of the side of the proof mass
could be significantly enhanced about 3 times compared to the conventional 5 times folded-beam type
accelerometer. The concept of the beam length as long as the side length of the proof mass structure

turned out to be effective to the sensitivity.

Chapter 5: A feasibility study on the design techniques for miniaturizing an accelerometer was
carried out in which the individual beam has the same length as the side of the proof mass. The
sensitivities and the resonant frequencies for three types of MEMS capacitive accelerometer, whose
proof mass sizes are 1000 um[1, 750 um[1, and 500 um[1, were simulated using the FEM simulator
“IntelliSuite”. Using the design principle where the beam length is as long as that of the side of the

proof mass, the sensitivity could be significantly enhanced compared to the conventional folded-beam



type accelerometer. In addition, when the proof mass is reduced, the sensitivity could be increased by
folding the beams. Sensors with 750 um[] proof mass and 2 times folding beam were proposed, where
the sensitivity and resonance frequencies were set close to those of reference model A-Type. As to
those with 500 um[] proof mass 7 times folding beam was used, but the sensitivity is half to reference
Type A, and the resonance frequency was increased by 2 times. It turned out that accelerometers with
a folding beam length as long as the side length of the proof mass are quite effectual when the proof
mass is reduced. By combining a beam length as long as the side length of the proof mass and a folding
beam structure, the device size of the accelerometer could be successfully reduced.

Chapter 6: Resonant accelerometers using SOI-MEMS techniques were proposed, where
electrostatic potential generated by a control DC voltage applied to the sense electrodes. Two types of
prototype were fabricated and the dependences of resonant frequency f on the applied control DC
voltage were measured. Dimensions of the proof mass of two types of accelerometers are 750 pm[]
and 500 um[1, and the latter was provided with folding beams in order to attain the similar resonant
frequency and sensitivity. Several tens percents of change in the resonant frequency for the applied
acceleration of +1 G were obtained with the control voltage of 2 VV by FEM simulation. Measured
resonant characteristics of the fabricated prototypes agreed reasonably with the simulated ones. The
control voltage, however, was rather smaller than expected, which is caused by the simplified
simulation models with smaller number of the electrode pairs. In addition, the miniaturization of the
resonant accelerometers by using folding beams turned out to be effective. For applying this
technology to specific applications, a method of adjusting the control voltage should be established

together with optimization of the resonant frequency and the sensitivity.
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Mass of the proof mass 3.80 x 1077 kg
Sensor area 3800 pm x 2800 pm
Resonant frequency 3135 Hz

Spring Constant 116 N/m

Proof mass thickness 35 um

Sensing gap 3 um

Sense capacitance 045pF/G
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(a). BV otEs (b). B— A DkEE

X 1.5 fERFFf 223

15 RN 2 O~k L PERE

Sensor area 0.2x0.5 mm?

Beam length(L) 95.3 um

Beam width(w) 3 um

Resonance Frequency(with FEM) 5610 Hz~5590 Hz
Static amplified sensitivity(differential) 04um/G

c) TERAA 3

PERELAT 3 1% SOI -MEMS £t 2 FI T 3 #ilg i H OIS o Th 5102, [X] 1.6
(@) T HofERTHDH, K16 (b) X =HIEEE P OSMKTH D, FHIZ
FHIEEOVBHY, EY AR ETY 7L —24 L2$@2x7)/76i%énfméoY
TLU—LFIENERY BT X 7 L— A4 ROV IRLE—LATHFENTWD, X 7L
— b 4 ROP VIR L B — L TERICHSRE SO E > TV D, X, Y, Ziho
EALTENENX T L—2L4, Y 7 L—2A, EY BRI NEREMmIC L #ES &2
ZAL TR ESND,

F 16TV ORFOIELMEREZ T, XfhE Y filie o Y BARO £ — A FK1E 90 um
T, 3EFVIRLAARE—LTHD, ZEAXORSILI50um THY, =MADIKE 72>
T3,

F L6 IXZDIWMOKRFTNT A =2 Th D, HHFANTEHAER T, XHRHEhE Y &
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Hio v — 2L 3[R L, £REI1Z400um THY, ZHHfio e —A2K 13300 um T
HD, THAAADEZRNT6 UM, E—LADMEIZ48um THDH, 1G ZHML7=8H4E, X
DIEFEIX057mMV /G THY, YHENI0255mV/G THD, ZEIOEIL019mV/G ThH

Do Fio, XEhOILIRE WK EIL 8.49kHz TH YV, Y HihiL 1455kHz TH 5, Z o ILIRE I
% 10.05kHz TH 5,

(b)

(a)
X-¢lectrodes Z-clectrodes
X-frame BT,
X-spring . -
Z-spring

Y-axis

Y-clectrodes

Y-frame VI l.‘]" { I ll~ Proof-mass
Y-spring
(8) TERELAT 3 & o Y DX (b) fERFLAN 3 & v DfiRIRX
O 15
[
5 10
. 5
(©) X, Y e — AR (d) Z filh e — A TIR

1.6 Tkt 302

12



# 1. 6 TR 3 O~Fik & MERE

X, Y@l Z i 5m

Top-side proof mass 1.78 x 1.38 mm

Whole beam length (um) 400 pm 300 pm

Thickness 7.6pm

Width 4.8 um

Sensitivity X #ih: 057 mV /G Z il 0.19mV/G
Yl 025mV/G

Resonance Frequency X i : 8.49 kHz Z il : 10.05 kHz
Y i : 14.55 kHz

PERFNT 1~3 FTIHEF OEMN R ThIrHEREAMEE L P THDH, 2
DO TR RE ATV 2V IRLE—LATKEHT A LI R E o TS
EWOKEDR D D,

d) TERELAfT 4

et 4 13 EREXOLERIEE Y P THH@, X 1.7@)IFE D SEM BE
Thb, BYOBREIFEETHY, RORIE P ORERMEIE O 7 Tho, K
1L7(0)IEX L.7@)DIRVVEEZIBNT, BV OHIE =V 7 OREERXXTH 5, B IEH %
DE—LIZXFINTWT, BY OmANERHA E—208BRIhT\D, D (F) I#E5
JHTho, S (Er7) IIRHEMTH D, MEEZAN LR, ERIE— 2235 ER D
WY, SEREE TINS5 07, NlE— 2TIXERER 3 03030, R BT
V4%, DICEEZHINL, $EHREZIT, TOEMNE S ORBELTHRIETSZ LIck
D BREHR ST DR E oo T D,
KLTFTELLECPORELERETHD, A E—2A S OEIX3 um T, K 31% 159
um T v, [EA L8R8 W% 815 kHz 210 kHz TH 5, RFE Y OEMITHN 2mm2 TH Y,
TV DORKEIX 280H2/G TH D, ZOMERFITIE~ R « A7) 7 RIC 2 DOFEBREI
IR ZBIT DI E 72> TWT, WD CTHMEZRHERK & 72> T D,
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SN Epi seal ) O
W Encapsulatio
c o
= De
Handle W
vV J M 00 um-

(d) £ ¥ D SEM B (b) HHEF OHER
X 1.7 (e H T 4@

!

K LT TEREAN 4 O~FE & MERE

Proof mass 11.38x7.55 mm?
Sp Beam length (L) 159 um

Sy Beam width (w) 3.0 um

Sb Resonance Frequency 815 kHz +10 kHz
Sensitivity 280Hz /G

e) PEkELif 5

TERELA 5 1TFFER A SOI-MEMS HAfric & 2 RBINEE ¥ o+ THH@®), X 1.8
@IZE I OEARTH D, ZOHEMY L HITEHFHOER IZZONEBEL Dk L9
W Sz 8 KDV IR L B — A THERICER SN TWD, HEFX2 Av—2an7 L
— LHEIEIZ 72 o TOVTH B — AT AN O Em AR E SN TWD, HY T —
B L — "B STV, I ERIMC L W E Y AT S L TCZoFH) Ik vy
LB MERIE 52528 80D, 2O YDOULAT U MIEARFRE 72> T
T, ZOH0% K 1.8@)0WRT, HRE VORI ERBEAERORIR &, Fiicxt
TOHERBERET 22 LD R>TVD, ZOHEREARINEEE OB X 12
DR 2 FIn3 50, B0 BB L, HETFO—HIE5o8kb, b —HiFEfSh, ©
— LTSRN B Z 2L - T, HEEEERIIZE(L L TnL,

4 1.8 (D) T BEETH D, #£ 181X DL FDOELHRETH D, BY DY A XL
15.054 mm2 CTH Y, B YT AL ZADERL 25 um ThH D, BEY L ORNDH B L —
DEST80pM THY, RIX6pm Th D, £/, EVIX4RE—LTIFIh, ZhbH
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g a Il Anchor Bl Movable silicon structure

Z X
(@) & oA (b) M BB D BRI S 5 2L
1.8 itk i 59
# 1.8 {EREI 5 DRRFIE L MERE
Proof mass 15.054 mm?
Beam whole length of the DETF (L) 850 pum
Length of the bearing beam 500 pm
Width of the DETF (W) 6 pm
Width of the bearing beam 4 um
Device thickness 60 um
Sensitivity 24415Hz/G

DE—AFLIEFVIKLT, BX4um TH Y, 1L ARKH7Z D 2FEIZ500um TH 5, X T
Ml & 720, B ORET 24415H2/G ThH D,

HrE A A MEMS NEEE & > ORI HOWTHA LA, #EE L TTFRAETF b
nos .

O FEY BB E D,

@ =20V EENZH SN TNT, RN e — ABIREELRFTD S 2 eb
TR,

@ HEAIMEE LV TIHEHOREE—L L FD7-0oD Y, T/ Faxz—H—%
BT 2RO OFR Y THRRE L, BHERERK S 2> T D,
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= ZCARIZE T, SUE TGS SOI—MEMS il AW i-#ERs Bt vV &2 55
EL, EODOHEEZ—TEELE LT, BE—L0/RT A =2 2B b ST RO, LR,
BIREIRE—FE2 T I 2 b—T g VTR RAITKRD, FRENTA—ZICLHZhb60
Rt DAFE 2 AL L, BRETREETFIEA R T 228 & Le, 2O TIEME RO
REETE—LDOREIZMEIET X 5 K, BLOEOHEIMICESWTE S BT/
BYLC-COD A FEMEIZ DU T DRRF 2T o 7o, B2 DUERFLAMTCICNE BB L7223 b i,
N BT - OICHERERE T e _—2 & U7z SRR E & o 96O a] ik
WZOWTHRET 21T 72,

1.3 AFRIXDOHERK

2 ECIXFFERESEE v 0, B X OSHERIINEEE & o O AN 724k, Bh R
B, T 2Y T NLOEEIZHOWTIRR S, 5 3 T Tl SOI-MUMP #i&E 7 vt A, G
MY 7k LORHlTEIZ DWW TR RS, & 4 ETITEY ORIDIZH 72 —2o % v
Te AN B o OENATP IR E — T, MRS I 2 L—3 9 Y ORERIZD
WCRAN, FEEEORIET S A AOELE, FHMEEE - FEAmEREE, FEmR RO OW TR 2,
%5 BT 4 EOOLAELERE L LIS, LMY T REE Lz, SEAREY
P OENFRNTCHART — NPT, RHEEIHK S 2 2L —3 3 VORI VTR, EEOR
VET /S ZADFELE, FHMEEE - AR, FHERE RIS OV T 5, %6 =TI, JLRM
IMEEE Y Y OZBNFATROIIRE — N, BMHEERES I 2 L— 3 VOfRERIZOW TR
N, EBEORIMET A ZADFETE, FHELEE - FHmERE, PR RICOWTERT 5, B
TETIIANECHEONZMRLEEREE L DD, 205 b, A%, H5E, §6 = IA
TR LD B & & 2o TODBFE R C[1], [2], [BIICKIE L T 5.
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FH2E BEFREL TN AEE

2.1, BEAEBANEEY Y OBERE L #EE

2.1.1 BEARERNEE Y VOB {ERE

Z 2 CIEFEA B OINEE ¥ YOGl K OBRHREEIZOWT, T 5, Hi
FO=a— b rOEANCZE D &, RIS HITLLFOXTESTZ LN TE D,

F=m Xa (2.1)

2T, FIXEEmoOWEIZEL T, aldMEETHDH, SR EEY THE SNV
AT LB ZTHA, FIRLLTORXTRDOT Z ENTX 5,

F=kxx (2. 2)

KIS RIEE T X 1A OMEERECTH D, XK (2.1) &R (2.2) oy R A<
EINEE a XA FOXRD X H 1k b,

2.3)

K (2.3) R0, MEEEEEO S K EK & H R o 1 Y OB BIREL FHIT 5
L CHMATRETH D 2 LB, 2. 1 IIHE ORHIFERA BT LT b0 Th 5,

GEUEREN
\ AR
it~ 77 «—»
<+“—>
\§
_ \\ES
- —
// . VPR B
2 NERE: a B m

B 2. 1 (3005d FE oD g HH R ] G0
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TEMEE B O SR T B & SNV D REE, JEMECHIR, Mt 7R 16 U T, AR
DHLOBHNEND, TOFRENZSOHM 2.2 1R T, 1 HEINEE & 24 Tk
ERRN D FRLRESCHFFHLENEICHNOND, T2 TIEE— A0k & L THRUER
DEBEEARINT DI OIIBE PAT 2 2 R — 2R K< AW B LD, 3HINEE = i
BOWTIIER D7 4 RE— LA FREv o LRSS AT 7 7 2R L < AV
%, MEMS JIEEE® &3 TIIHERPRE NI OGN 5 AR LOmFE RN EICHWHNT
Wh, WHROBE L LREREIILL T O XL 5127k b,

: ,7X¢ (R - — By
A s 4

<] 2. 2 JIGH EE OO H SR %] G9)

R 2 EIN L RS, 0 1o B ax RRAT B, TAEF LA E L8, = Oz
A RGN 52 BB, 5 HBOEe, I ax K CE 2 B,
3
2mal @. 5)

— 2
M = X (24 91 + 1211%)

ZZTAXIIEMTHY, mIZEVOERE, T HxOE—L2DES, ElZvYy 7
bl E—LDME, dIZE—2DEATHD, LI-H o TEMFIR R EE kITIR
XD XK H T/ 568,

k__d3bE 1
T2 “Zyon+120? 2.6)
AR BRANNREE & > 5 O AR P 1ITRATHE R EN D,
f_i,Ede 2+ 611 + 6112 .
2e12ml |2 1 1an + 202 + 1412 + 80# '
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—77, WS RFIMEE ¥ > Y OB O ax TR TEZHNRD ¢

mal3

= SEbd3 (2. 8)

L7 o TEMPI 72 SR ER LIFRKD X 912725,

_ 2d%bE

I3 (2.9

Z OREERO ARSI EL f ZRATEZ 51D,

3
_ 1 |2Ebd® (2. 10)

" 2w, ml3

ORI KV IEHEENS —EDLE, AFFHRATYH, mifH =T E R
REDENITE— L DRSO 3 RICHHAT H, MFFHLEOLE, TVIRLHL5E, bR
L7 —20ARZn L, BE—APfVRLEEIINL 5L, B—22E LT L=nl &
2%, n=1 O, BT LCICHEIL, nO%E, BEEEIX(L/n)xn=L3m? IZHpl§ 5 2 & &
75, BRLBERES, E—AIVRLOBRWIA TORETITVRLOS D XA
WXL, n?fEl7ed, EDFA T THIREWEIIE—L DR S D 32 Tl ILHIT 5,
EAIN ST 1DIIE—2D0EER—EOHE, E—AFVERLEZETICELST
LOWEREIRD RN D, FREDO-NEDSS, FHb e —A5R0 N R KEN
MRE L, BIREAN LTV, WEFD B — 22T EE 235 HIE Lo u o
- F78y bOFY o EANELRESL ORER D20, FFFHEABTICHNDL
nTET,

2.1.2 BERERIEE® Y OME

AWFFE TRE LI v O RARE # X 2.3 1077, —EDmA AT D EMEE
WA 2 RO — A THINISFFT DD E— AMEEIZR - TEBY, T35 2O NI E
FIC X 2B EEOEM E Mmoo 0EMmeE LT, ZohEEEme 2 ICRE
T 5, BIEIZER & SPATZRINEEE S EIN S D & 2 0 5 [~ EHEE E@WML,_ML
Lo THEEEM E ORI SN TV D EBIO A ERENIN, 21380 T5, 2O
EEECEARET HZ L TIMEEZMRNT 2 Z EnHKkD, 2 CrIARREIIF R % i
TR 5 T DIt AL FN B S AL T Mt & 72 o> T D, BEARERLE L THGETL Tk
K REZLLLTEMFROEER DD, ZoEBHFROMEIL, —o0krHodic
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NI EEFTINER

d‘: +Ax > S L|

L

¥ 2.3 #HEAENE Y oERFEX

—REORRIRRER 2 7R T, T R EE BT LIS %« ORHEITIEA O O
ATV, WED [F) 25 Z LIZXVFEMEOHNEL, A X (2EE— N/ A X) ZRE
THHFRTH D, BIHFEFBIITINMEEIC L > TEL /8 (V) 3%, £20H)
& (BEhiEEE) I XV HBERESLAERESELDOMBIREmRN RS TRBY,
T 0 IR SN2 WA 1 RY 720 (20 %, 2 ROBEEBMICEEN D CEMD H
AN ZERE L TS, B I 2 FN U 72, BRI AE L, HEZEaC
X TROE TR D,

d; +d,

C=C1+C2=£S dldz

d, +d, (2.12)

AC = AC AC, = &S X
1Al = e X A (d, — AY)

AC = AC, + ACy

(dy +dy) dy + d, 2.13)
(dy + Ax)(dy — Ax)  (dy — Ax)(d, + Ax)

=eS X
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2T, dyt [ FEREME OF v v 7, e (FEROFEE, S IIMIEMO A HTE ThH
Do

g%

2.2 LRI Y O L EE
221BEBET IV F a2z —H
(a) H:p

W7 7 F ax—ZTlE, BAZFOBEERBICEZ ONEHET XL —IC L 25E
HEFIFAT 5, #E % RD D FEIZN OO FERDH BN, T 2 TIHIEEMDE 2
FIZEESWTHIATHZ LT 5, 2 0OEENENENQ & —Q DEMAEFF-THY, &
RNV Th D e, BEMOBERE CILEZLNABET XL X —Ue TR THEZ 5
A% 6o,

1
Ug==QV ==~ =—(CV?2 (2.14)

EAKRENZ@< T, HiEE2 D LB Loz 2L XF—0 B bz b licLTRkpD L
MTED,

FPTEEERNIANLL, e DFFET RV XT—DRD D 08370, ZNENDEMRD—EIT
PRI TWDIGEITEREICE TEE 2D, ZDOL ZDOFREIO x Fiapksy FdZikA T
Hzbis,

P (OUE)
= 9% Joe it (2.15)

—HAAERICERN SR STV T, TRENOEMA —EICRIZNL TV D5 ICER
MBS hEaEZ D, Z0LEOFEND x T FAFRATEZ B D,

. (6U5>
X ax — (216)

B —EDG G & B —EDHEITB W THORZINE D OIX, BN —EOLEITITE
BPDZRXNF=PEESNLONETH D, Z0OLEDOERNLOMIET R F—D5
[TFFET L X — OIS, IS~ OLEE LTl 5,

W7 7 F a2 — & TIIHIEHER 2 8k L CEMAZHIET 2 Z &R 2 0, ZiidE
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P—EDEHEZ A WTIHHTE 2O TLLF CIXEMN —EDHEDLHIAT 5,
(b) FAT AR
X 2.4 1R T XD BRATFERILDT 7 F 2= —H|TONWTERD,

VATVREMOSEZ RS |, BATE b, JES h & LT EAREREOIHIF v v 7 &g
9%,
AT AR A O FER & C 1

c= b 2.17)

LERED, T Tl IEMOFBELETHDH, Z I TIEEHOZ®, BERGOBROILNCE
MRE IR SN HHEBIEOE S ITEEH L T 5, AT AR EMmRLE O#ET R L X — 3k
(QU)TRTZLENTE D,

2 KLDONATYERUTEE V 2 N2 2RO EEOFE (X 25T R DO L HIcET LN TE
%,

(2.18)

SEMEBDGGE, W OEBPENNTE ¥ v 7Nk 25 L, Xy v 7OEID2
R LT OMIHENEERK T D &0 9 IERIEIER B 5,

22



F(y)

o /"

v

x

2.4 HTVEHRIDOT 7 Fax—4 2.5 HEEFFET

(c) HHipe Y

Witk B ET 7 F 2= — X TIL, 2 KOt &G O TS 0@ < §E 2R LT
W5, iR ET 7 F 2 — X O8EEZE 2 DB, [BE ST FAT AR B MR (2 AT
WEFEAN LTS N AR & 72 5 (1K 2.6),

24 TRLIZERY, BROELZRES |, BATE b, JES h, YATERE O F v »
T Yo & T D, MO FANE D HER R C 1140

o 4eb(l —x)

2.19
Jo—h (2.19)
LRTIENTE D, S OITHIEE AL DOFET XL F —UglE
2eb(l —x)V?
Uy = ——— 2.20
@ Yo—h (2.20)

ERDOED,
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A
I I -X I
y ¥
1 1
Yo : l
1 1
1 1
_______ : | h
|
1 1
Yol2 ; ! ‘
0 | >
X |

52,6 it o HEAHERS
fithr D HARGE M < HENERD B L, B EOHATRKTED SN,

2eb(l — x)V?

(2.21)
Yo—h

F(x) =

INDHDORERE Y, M ARG (@ < SR B EMBOME KT LRV &390
Mo, ZOZ L LD, IR & ONAT AR SE T AR 7 7 F = = — 2 (Al
LT WEWNWR D, T, Mt EAE 2 BEGAGDED 2 LKy, HithEARIE O
BICHPIL THENZHERSEDL LB TE D,

222 HIRFFREHFBRF = —=7

HBERE LR Y Y ORI A F 2 — = VT A FEE LT UTD 250 H 5,
(@) HETHSEDZLICLY, E—ASHBINb Y, FTFHe Y ZERET 5,
(b) TBIEEINC X > TELLZHERT V¥ ¥ /LFTORIICEBWTRMNT EoADIERE

BFHET D,
9, @QOFFEICOWTHIAT S,
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)

»
»

A

b

2.7 FERRY o T ROEA

M 27\ R Lo hhmazEE LicRkS |, t b, S dOFMEROMEEIZHET) F 2N
T 5 &SRB f 1T D K5 I LT D,

1

N> F )2
f=/ {1"‘0-3 (E) E_bd} (2.22)

ZZT, flZES DM o T WEFO IREE IS, Elle—2DY VR ThHDH, D
FERA W, 8B/ T SEAZ LICL D B — AR E L, FTHRY v 7V RE B S
w5 & TCHIREE KA LI EbnNs EE LD,

RIZ (D) DJFEZ DWW TEHT 5, 28123 X 912, IR T OIRE 7 & xhn 3 5 B
\ZEGREE Ve 2 N 5 2 & T, HRFOEA 4y & 55 & A(2.18) L W :(2.23)D L 9 7
BADFAET L0, §rES) Feld, X v 7HROBEETH D70, X(2.24)D L 5 70 fENT
FOADITREE Ke 2 EL D,

o &SV?
— 3 (2.23)
20y +y)
K = JF, _ elbV, ( )
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T EOROITRELR L B LALREEEIRATEDbEN S,

(2.25)

y+ay y 1
: X
F =k =S O,

4 2.8 AMEMEFO LENT EORADITRERDIAE

2.2.3 BB LT IHRINEE & o Y OEAHE

SRR e %

7E FR A P

?\{\\\\\\\\\\\\\\\\\‘K"
§

e

3 ; ; ;

b

\\\\\\\\\\\\\\\\\\\i\

\ ~ k\\\\\\\\\\\\\\\\";\\

%
“%
e

HY

P AP
o

P
.\\\\\\\\\\\\\\\\\\‘

(@ EFNL1 (b)y EF/ 2
[ 2.9 HARRNNHE & o Y 0 HAM
AEE 21T o - IEREEE LD 2 o7 N A7, FFNL 1 EETL 2 DK
AEEZ RS, UL EFEBT 572012, TV 1 OEHEEOTEIZMERD 1 mmOc %t
LT, 750 umICEFT L, E7/L 213X HIZE%E 500 umICHE/ N L7z, HL, KIKRO
JPE R T D701, EF A 213 —L4F VIR LA 4 BIOREE L,
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Charge

Amplifier Phase shifter

Drive circuit

Control signal - |
Ve T

Readout signal

2. 10 HAFEAILEREE VYO T oy 7K

2.10 1 Z ORHFE T Z AW IERUILEE & o ORET 7 v VX Th D, BIEMRG
AT T RFELIR O 7' 1 N ¥ A 7O B AN & O BEE ] oMt BRI AC EHEAFINL, #
BCLVBLY 2 EFICES S, RIHEMBICELY, ZORBOEN ZELICERL, i
FI 7 hESETT7 4 — KRy 7352 L1280 BEEHET 222K L T\b, Zok

BARO FIZ DC OFIEHETE Ve ZHIINT 5 Z &2k, BERT Y v E2FEKL, M

WL K DM BN CHARS BN AL DM & LT D,
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®mIE RIES kR ERIEY AV

31 BUHTF AL ZOEE S0 R

~ A 7w =rTIEREL 2D LND, 1DFRE~YA 7 a~v =7, $95 1
DFNT A uv =T ThD,

R~ A 70~y =0 TORME LTERIEE W) bOZEK LT, €0 RIIMiER%
BV, BCZOBMBAMY £5 2 LT, 2O XS ITHITRWMEREZED, K~ A 7
0~ =2 T TES TGS R EIEENIC S WO 7228, RIS IR DS B DA% 1 R0 HAR IR
DRWTLE S W) ERS D,

—HNNVT w7 uv = TR, i ET T2 70 RIE (reactive ion etching)
72 EDEMTT Si ZESHIY, EHECPIE S HNF AT T T AR, MEEE IS
B ENRTHRTIANEE e E2AED, ENE A Y7 T AT E RSN EI & 73 25 1%
Ty FUTTELZEHTED, EBIL, BMES L WOHINTH T AL Si #ED oY
LD, NIVT ewA a0 T ORETH D,

RET o ANMG BRI E, ZOMTREENREN &, BERHSHILIND & END
IRITRIE DR R E oo TV D, RFmSCTHE, BETENES hEkm~A /n~vr=v 7
SOI—MEMS £l & AW TRET 21T - 72, X 3.1 IZHE T X 2 /R 97, 2 b OfEKIT SOl
FARD Si T NA ZAEIP O S IV TWNT, T3 AEDEAE 25um & 72> T 5,

Si(device layer) ' \ 0.5 pm
\\‘ I 25 um
Si0z — . 2 pm
400 pm
Si

X 3.1 FWrmlX

X 3.2~31L 5 FHAWEZMEMS 7 7 o Z ) —fiE 7o A0 7 o —XERT,
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1. SiOx % Hifhidh Si TH 2 FA »F L7z SOl et & Ml 42,

- N

[43.2 SOl £tk

2. AulRZZREIHED,

-Au

3.3 AufBFRE(A /Ny X)

3. 74 ML TVRAMPRYZ EDEIIZEAT D,

33 74 b LY A (PR)EAR

4. BO~ A7 BT, #IMRE RS T 2,
UV Hg

<~ A

Ei

3.4 Ft(Ei~=R7)



5. 74 ML TR MNEBBT S,

[X13.5 HifE(EM)

6. AUy F L7 LT, 74 FLPRAMNEBRET S,

X 3.6 Au=TyF+L A MERE

7. HEZ74 PLURMNE—EDREIIIEMAT 5,

37 7% b L YA MPREA

8. MHED~ AT ZEWTHIIMRE R T2,

3.8 Et(fEiE~=27)
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9. BT D,

3.9 HE(HHIEL)

10. SiZ=yF L7 LT74 LR MNEBRET S,

310 SiTyF+L VA MRE

11. SiO A v F o 7 LT~ 7 ufEdEiRka ) U —A L THEMkE RS,

X 3.11 SiO,=vyF(VVY—R-xzvF)
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3.2 EEFSo¥E X

312 (TR ARZZFAT LR T m B A TRIE LT S 2R &2 W THISEE TIT o 7o FAE TR Y
n—MTHD,

& B BAMEE T DAMBUR A

|

TN ZAOFNE 2000C 30 4

!

LA M

l

LA Mg 180C 547

YT N AL DIP28 ©F 3 v 7 AN —

SONGE="

UAYR—FT27

312 FHTor 2T —[X
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3.2.1 BUYT A RO

REa fo—7—

FIORNTIVTF A — K

% 3.13 MEMFE D > AT ADBH

- - B . Out - B
IEEEE N— 7 JF < wmitat (FER
) b 7'y
BERHT K - Tl % OmI
\
AC EIR — | REa fr—T— — ATA L w7

¥ 3.14 JNEMES 25 O A
X 3.13 1XEXRXDOMEYF > AT LOEETH D, X 3.14 [TIMEYF T~ 2T LD H A
ThH D,

O DT RT 7 EZ—DBIFANAAL vF Ton) ZML, WEa va—F—DFF 7
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3.3 JAWEREOE S &

Signal

Charge ]
Accelerator g => Multimeter
Amplifier

Acceleration
/ Standard Pickup EMIC710-C

Charge
i P => Oscilloscope
Amplifier > Amplifier

MODEL-4035-50

Generator
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v 77 w7 TEMICT10-CJ ITINEE 2 BT A L CH DT 5 mBE RV Th b, #* 3.1
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# 3.1EMIC710-C 'y 277 v 7k ¥ Dfkk

Model EMIC 710-C
Type Small/Light Weight
Feature Vibration measurement and modal analysis on small object
Charge Sensitivity [pC / (m/ s?)] 0.2 + 20%
Mounted Resonance Higher than 60 kHz
Frequency Response[Hz] Upto 20k
Temperature Range[°C] -50 to +160
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% 3.2 /NERRENE AR O1LAR

Model 512-D
Exciting force Max 49.0N
Displacement Max 7mm p-p
No-load acceleration Max 272 m/s?
Movable part quality 0.18 kg
Vibration frequency 2~30 kHz
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Table 4.1. Parameters of prototype sensors

model I-type | Il-type | Ti-type
proof mass mg (kg) 5.1216E-08

Whole beam length L (um) 2000 1000 2000
spring k (N/m) 0.12 0.03 0.03
displacement Ax (um/G) 0.75 1.66 1.66
gap g (um) 01=2, g>=5

Young’s modulus E (GPa) 168

density (kg/m?) 2328

resonant frequency f (Hz) 725 326 | 345
Calculated sensitivity (mV) 352.8 591

45 Fu b & A TRMELFHE

D 3FEDT N RNZONTT 1 M F A TOREZITV, SOl U = a2 W TRIEL
Folee (FILTZ4ARKE—L I ZA T L 2AKE—LNEZA T HD 1L ODE—LD SEM
FExX 411 (@), OIRT, 4 RE—AMZ A T2 HD 2 SO —ALD SEM GH %X
411 ()T T, FREICIC IV ERT HZ LB TERLZ LR HERTE -,

(c) Beam section of Ill-type

411 7a ¥ A 7O — LTk SEM BHE
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Table 5.1 Parameters of prototype sensors

model I -type I -type I -type
proof mass m (kg) 5.12x108 4.10x108 3.18x108
whole beam length L (um) 1000 2250 4000
spring k (N/m) 0.03 0.04 0.14
displacement Ax (um/G) 0.75 1.66 1.66
gap g (Hm) 01=2, g2=5

Young’s modulus E (GPa) 168

density (kg/m?) 2328

resonant frequency f (Hz) 375 349 701
Calculated sensitivity (mV/G) 512.5 505.7 304.4

5.5 7u k& A 7

T Z AT O AT S 76, X 5.15 (TR LIz A AW Tl o Yo & R
JAEDBNE ZAT o T2, HEEESROMNEILEZ XA 4 — R ar T oy & v L CllE
Lz, AEMHHZTHIE 5L, MARKEERKIC L > TREESN, KEBRTOZTE S, B
BBO—FOMIZATIEND, —JF, KEEHORGE ST DM A
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Output Voltage Vout (mV)

500 r

A T -type ‘
B 1I-type 400
¢ I-type 300 |

=Theoretical value I -type
== Theoretical value II-type 200 |

==Theoretical value Il-type
100

-1 -0.75 -0.5 0.5 0.75 1

-100 |
200 } Acceleration a (G)
-300 |
-400 |
-500 -

X516 +1G~-1G OHIEEEINN L 7= 78R E R 5

NEND, Fx— VRSO N IMEFIL, IROHEIERIFIC X > TR S s, HEF1X
EWETRRIEC L > TSN D, £V OREL, Bz T—V% AW, EHMNE
FE£1G HIM LU CEMi L7z, X 5. 16 1%, +1G~-1G DOILEEEN L 7= HE 1 EIE 2R,
A XA T ORIERERIL 485mV /G, 3EHFVIKL &— AB&47@@*#%1%MNM;
7EPFTVIRL CH A TORERERIL 25IMVIG TH D, EHHDHF A 7 THIKRE D]
ﬂﬁ%7w®ﬁﬁmuﬁbf,@#ZMMTT%D,%mﬂ7/%@ﬁl?%ék@bh
%y

B4 5. 17 \Z H ) BB AR PR E RS R 2 37, IR EMIC 88> 512-D T, F KA
NETmm Th D, NMEHEE LG (9.8m/s?) T, JEAPEE % 50Hz 7°5 1kHz £CTHinl L7z,
Ex 1TEATY, @5 LI EARERE AT v 71310 Hz % EiFCnvolz, &2 A 7L bR
V—r g shis, | XA T OIRERENT 340 Hz, HJEIEIX 467 mV, O XA 7Dk
WRJEWHUL 370 Hz, HBIEIX 452 mV, ¥ A 7 OHHRE 0% 680 Hz, H /1 Ei% 251
mV CTholz, ZhOOIRIBEEBIIHEMET VI L DFREM R L, 38721E 10 %Ll
ThY, 1FF—%KT 5 k%% IC& T,

TIalb—va TR REILEARDRZYTHY, 5%V Iab—ra s FlEr
%w(%%%ﬁwé_kﬂﬂ ECHDL L EMRT D LB TET,
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Theoretical value Theoretical value
600 - II-type: 349 Hz I-type: 375 Hz

i

| |
| |
: : o 1 -type
500 | |1 : B 11 -Type
I A TII-type
200 | -A. On
~ " " @ u - I Theoretical value
Eap L o 4 | M-type: 701 H
>§ 300 : : ® "I ype z
[ | [ | [ |
ZOO_AMAAAMAAA Ami o o o
[
11 |
100 } - A A,
11 |
O 1 1 1 Il 1. 1 1 il 1 1 )

0 100 200 300 400 500 600 700 800 900 1000

Drive frequency (Hz)
X 5.17 JE AR E R R

56 £&%

BERENHE Y E2/NULT 570 DBE 21T 72, Hx O E—2L%ZEY) Ol & [FH
CEIIZLT, 7a b2 A ToRHETo7T-, BEY DOV A X% 1000x1000 pm, 750x750 pum,
F LTV 500%500 pm TH 5 3 FEEHO MEMS R BRI & o Y O % 15 KX OSLHRE I%
¥%&, FEM 3 = L —# IntelliSuite Z AWV TEE L7,

(1) EVE/NELLTYH, E—22 VT ETREL LIFDHZENTET,

Q750 umOIDEY T, =2z 3EHFVIRLINTZT 0 N A TN XA T TILEEDFE
BN, 1000umOE Y S 130 OV IR LSRR LOEHET 0 N2 A4 71 X4 7 TIRIFEL

{7gotz,

(3) 500 ymEY, 7EHTVIRLE—LZHW =70 & A TMH A 7 OREEITIERET 0
N A TORIESy & TR o Tz,

@) BEVOUOESELERIUEIZA T HIT D0 A AR/ ETH, TiRL E—
LREBICED O, oV oOfEiRE L L TIXCx<01%THY, Cz2<02%ThH5H,

(G) I %A FOMIREREHEHEMIT T 4 7 EIFER U T, WH A 7 ORI EE R
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X1 2 A TOIIRJAPHD 2 5 Th -1z,

(6) mWRE— RLIEBPE L L/ fLI2OWNT, 1 ¥4 7OHEMITIE—L2E L IZHhp3
Do FHUTKIL, MEAATEBIOCME A TOUNENEINLE6BLOE THY, XA 7EBEX
RMHA TDOE—LERELIKGF LN ERghoTz, THHORERIE, frvELE—
LEETHLNZA TEBEIOMY A 7ORED, VIR LE—LEFFRn 271D
HLRENICS W EEZRL TS,

(7) BI3IET—REFLE— FOMRFEEDOLRLB/IHL OV I 2 b—1 g VEERIZONT,
M A 7D#EIL, E—hLe2E L 2EREZHEINIEDLICONTHRAIZEDTH, N1 74
EAA T —22R LIKFE LR, —F, 144 7OhEL, v—202ERE D
ZLIZON 8 NS TITHED Lz, M A 70 Z filifmoiiaEikis, e—aES L &fn
I 212 o0 TIRA I35, i, BE—AICEGENL0RLE#ENPRZ DY
— LD, ZEiHFMICRA LT < 22 0ONRK E Bbitd,

INLDOFEREL LT 0 N A T ORRE Z(ToT, [ XA, WEAT, MEATDS
7 k& A 7%, SOI-MEMS #ffi 2 AW THbLE S, DIP28 7 X v 7 Xy r— U294 L,
FHlE T L7z, EVIB LR U E—LARSHE, EY OEN 1000 pmO, YL E— A7
LE Y O/REE AT6mV/GITx L, Y2 750 umO T —24 1 [\ Vi Lt >3t 452 mVv
1GIZ72 0, IXIEF CRER R ZS7-, —J7, EVA500umOCE—A7EHTVIRLE
DREEREFRIT 285 MV /G TH Y, HEFRRIT I 21— MERE L —H L, TVEL
B AEEA VT, EO A RERB LR S, YRR MERF T 2 FIRIIA S TH L Z N
BT X 7=,

76



FE6E HMEBBEBRERT v/ ERW-HREINEE =

AFETIL, BERDEEE, UL ZFER T 57201 ERERE T Ee_R—2 L L2 dtE
IR & o D [ REPE I DWW TRt 21T - 72,

6.1 FLIRBNEE & Y DR

B 6.1 13 #H DR D THRET L 72 IRBDINEE = P D 2D Cad LA 77 FRITH %,
1 mmOOEY Z@E D 2 KTOOE—ATIXFEL TS, EY OHRIZIE 860 mmx200
mm OARANERINTEY, TORIIEET 2—=2 7 %47 5 T2 OB BN RE ST
Wb, fBEMEEY OX v v I 2 um TH Y, XFEED 800 pm O AT A EMR & AL
LTWa, E=2FPriRLTEY, #EiciE R M X ol gﬁﬁﬁﬁﬁém E—
AMEE 3 pm, R S1E 380 mm Th b, E Y OLAIZIXERE A O B, IR
RAOEEEMPIER SN TND, E—LKPED DES X 25um THY, BT ium_
ClZ4umx4dpum O v F L 7R —NVEZEFEY, BIITH 324pg L72o TS, EYVOE
— LGOI, FAVE 30 KO R B S, BRI E S A7k AR &
AEREZEK L T D, BIIEOE S 70 um, 18 S pm, > F 22 pm TEFE I, F
¥ v 7 2 um TS50 um XM LTCW5, Fiz, 2 OOMEEMIIED 2k L CTRIFRET D
Z LT ETORMEMRPEHAFRAHELT DL OICLTVD,

X 6.1 RiFEET AIHEAINEE L YD 2D Cad LA T 7 MK
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X 6.2 FEF/L1M2DCad LA 77 KX

Y OE—LH A TROD ZIZIEZENZT 70 JE O BN S H, FEARICEE S
T M R ¥ >~ 772 um THEYD 225 OEMBFHEA SN TND, BMRITHEOR S 50 um,
& S um T, 30 um A3%HA LTV, #EEMO R TOEGIZIL R M X I IC=AED
HIEN 72 ST D

6.1 OIARANIEE & P TILE Y OFIHIBIEMEZ BT 5 72 OICE OB &1 D
L, JEME T 2 Sl B B~ DO ELER DA S TIERWE W I RER H T2, 22T
%ﬁ%%ﬁﬁ%ﬁﬁb\? R AR HI R 2 FUNS 2 8 LW G RE L, R A A

CEBEZHMT 2 FRIZ O TRE 21T 72,

X 622D 1O>THHET/N1ID2DCad LA TV FMXE/RT, 750 um £ D E Y % i
PO LART OO —ATHKFEEL TS, EY OLELITIIREA ORI EMRRS, ETIC i%@b
HoORwEMBER SN TND, E—LROEY ORI 25 um TH Y, T IZIEL3um Z
Ll 4umxd ym Oy F U ARV EEITEY, BEIIEHN 324ug Lo TS,

HYOLETICE, ZF 68 Xt OMite B S A, FEAIZEE S Av7-xtm &R & wf
EREZFRLTND, BMRITHEORE S 50um, §§3um, £+ 7 2um T 30um A% L
TW5,
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X 63 EFF/NL202DCad L1477 FX

Y OLEFIITZNEI 57 xFOMHE BRI, EIHEORE X 70 um, 15 3 pm,
Xy w7 2um, 5um TS50 um B%FHELTWND,

K63NE—LPTVIRLEEERSTNDETL2D2D Cad LA 7V N TH D, 500
um A OEY ZHEHD 1L AT OO —ATHELTWD, B OLEAIZIIH O HEE
s, B FICIEBRENH OMEEBAIER SN TWD, E—AKUEY OE S 25 um TH
D, EYIZIE3um T &I 4umx4 yum O v F U 7R — AV EZZETEY, EXT 324 0g &
7o TN 5,

HY O ETITE, ZRZE 44 %O EMNPTER S 4, FMRIZHEE S 7zt m &R & Al
EREEZFR LTS, BIIHEORE S 50um, 1§ 3pum, X+ v 7 2um T30 um A3%0H L
TWa,

HYALIE, FRE 39 xtOfiskEMmNTER S, EMIEOR S 70 pm, H 3 pm,
Xy w7 2um, 5um TS50 um B%FHELTWND,

ERENH Ofite EMICEEZHIIL, EICLVEBL D 2 L NCEEIT 5, £ DREOZENL
ERHAEM TR L, 74— RNy 72805 Z &2k v ARSIEES EBLT 5,
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6.2 MEMSpice IC X8 I =L —a v
6.2.1 MEMSpice (22T

MEMSpice &%, EHERNFEIEE T I 2 L —F ThH D SPICE (ZHEMGH M &2 MLAAD 5 K 51T
L=t 0T, BIEAZRETE - BROHAIET TIEe L, RN -cRELiHEdT 2 &
N TE %, MEMSpice TiXAIKZ G DR I 2L —2a VN TE5—FHT, FEM 3
2 L—X—0D L) MR OREN BRI N2NDT, bOREORENEEIND, T
ITEHBEORED, FiEY I 2 b — 3 VEITY, FEM 2 2 L— % —O IntelliSuit D% 5
g AT o T,

X16.4 LX6.51XZDY 7 MHWT, EF VL LET N2 Z/ERLIFERTH D,

T 77

= 7 = Oy
T 1

v[0,1.0]

—01.0.0]

6.4 €7 /L 1 ®» MEMSpice DET /L
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6.22 YIalb—varswmi

800

Resonant frequency f (Hz)

—o0— MEMSpace 0V
—&— MEMSpace 1V

—O— MEMSpace 2V

650

600

LLO

-0.75 -0.5

-0.25

TIT

0

0.25 0.5 0.75 1

Acceleration a (G)

6.6 FIMANEERE o xfIIRE L f FFED T I 2 L—2 g URER (BT V1)

800 B

780
760
740
720
700
680
660
640
620
600
580
560

Resonant frequency f(Hz)

"

A oG
—B-0G

FVIIREE o [G] A1G

1

DCVc (V)

6.7 MRIEMEIINETE Ve st IIEBNH f FrEo v I 2 b—yva VR (BT 1 1)
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6.6 IZET /L 1 OHINIHEE o it HARE I f RtED S I =2 L— g URERE R T,

-1G 225 +1 G OMEERIINC W LT, FH O EMENETE Ve 23 0V OHAEIZIE
ﬁﬁ&ﬂ{&’a}ﬁzf FEAEE LRV DOIZH LT, FHORMEMEINETL Ve 2 2V O5E
IR B f 13 794 Hz 525 686 Hz ~ & #9 13.8% L9~ B MG H 7=,

2 6.7 \ZET /L 1 O EMEINEE Ve st HRJER B f FED > I 2 L— g ViR %
Y,

I FEFIN NG TR 7 ORI ERETINETE Ve 2 0V 225 2V ~E ST
< H#iﬂ)fﬁiﬂziﬁzf X794 Hz 775 760 Hz ~ &L 43% K35, -1G ODJJDJET”%:EWJD L7z

Al Z OSREE AT L, +1 G ONEE & >V ZHN L 728581213 2 0 3R

Hﬁa}k/}éﬂ: IR 2FER &> TV D,

850
— —A— 2 /S A— 5
. 750 t
N
= 700
£ 650
f;é; 600
w  —A—MEMSpice OV 550
#  —e—MEMSpice 1V 500
—0—MEMSpice 2V
450
-1 -0.5 0 0.5 1

Acceleration a [G]

%] 6. 8 ML o it ARSI FFED T L 2 L— a3 VHER(ET L 2)
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850
L*_ Qe

800
E 750 \
v 700 F FUIMINEEE o [G]
S 650 | ——-1G
>
S 600 | —-0G
[V
£ 550 1G
<
@ 500 |
* 450 |
400 . )
0 1 2

DC Vc (V)

6.9 MHBEMEAINEL Vot IR fFEDO T I 2 b—v a VEER(ET LV 2)

6.8 (ZE T /L 2 OHIMNGREE o $FILIREEL f FrtE DY I 2 L—a URERZ 7R T,

-1G 226 +1G OAEERINC) LT, R OMHEMEIINERE Ve 73 0V OF-EICIiT:
WRIEPEIF IXIFTE A EE L L2V DIzt LT, F I OMBIEMEIINERE Ve 23 2V OGAIC

YRS f 13 800 Hz 725 478 Hz ~ & 38.8% 2 b4 B VG b T,

6.9 I[ZET /L 2 O EMHNEE Ve i HRERE f R0 I 2 L—r a ViR %
N

DG FEE M NG ST R 7 O EREINETE Ve 2 0V 205 2V ~E TS T
< WRLIRE WAL £ 12 800 Hz 75 762 Hz ~ 21 48% K T4 2%, -1G @bu@” %:EUJJD L7z
AT Z OIIR AT U, +1 G OIEEE & B 2N L2 35Bai2id 2 o g
JAR A AT RIEICHE I 255 R L 2o TN D,
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6.3 IntelliSuite ik b5 I=21v—v g v

631 BT DB, EFV

Alaligat L= IEEEE o O BHI T R T<I10sHAE fms U o DR T A—Z ZfFEH L
7m0 FALICHEES DY a2 <1100 EE A Y 5,

#6.1 AT 2k
HifEdh v U 2 0<110>
R 2.328 [glem?]
Yo R 168 [GPa]

AEy 2 ab—ya r ERATAIEE L Y0 2 SOETLONEIK L T 6 Ok
INTA—=Hk, TNENX610 2005 611, 627005 6.3I1I7R-7,

ENENDETNTIE, B O &7 D BRENH ORI e T 2502 £ & TR
ETHZLICLVFEBOEYIZESIT WD, iz, FRIZENTVWDHRIZT Yy F U 7R
— VOB ERAD 3 EXRIEL TV D,
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% 6.10 E7 /L 1 OAEIXK

%62 ETFNL1DOEERT A —X

RO S t (um) 25
B — A DE b (um) 3
E—2ADE S L(um) 720
H Y ~TE x| (um) 750 x 750
Fy v 7Kg (um) 2

ETNLIFEARERDET L TH D,
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6.11 E5 L 2 DAELX

# 6.3 ET /N2 DREENRT A —H
PERDE X t (um) 25

' — A D1E b (um) 3
E—ADE S L(um) 3010
D HE X (um) 500 x 500
Xy v 7Eg(um) 2

EFNIFE—LOPF VIR LESEE L, EYEZNSL LEET LTSS,
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6.3.2 FiRE— FEENTHER

ET/L 1O FEMIZ X 5 HEHRE — RN OfE R & "7,
o5 1 AHEE — F(model) 1345 HEE— FOIRENT, #9695.071Hz & 727,
% 2 ALHEE — R(mode2) 1X[EHEE — ROIRENT, K 444023 Hz & 72 -7,
55 3 YR — R(mode3) 1% Z HAHRENIE — ROEENT, K 4503.74 Hz &L 72 o7z,

# 6.4 7V 1 OHIET— RN HE R

No. | E—F SRR 5 £
1| BT — N(Y Jrm) | 771.82 Hz
2 | [ElfiEE— K 4440.23 Hz
3| Z HmfREfE— R 4503.74k Hz

ETL 2 D FEM T K 2 RE — NI OFE R A~

55 1 RALIEE — R(model) [R50 — ROIREIT, #9729.435Hz & 72 ~7=,

% 2 IHHEE — N(mode2) 1X[l#LE— KORENT, £ 3439.11Hz L 72~ 7=,

55 3 HHRE — R(mode3) 1% Z R ENE — FOIREN T, #93977.27Hz L7e o7z,

# 6.5 7L 2 OIIET— NI

No. | E—F SR A B e
1 | BRI HEE— (Y J7m) | 789.82 Hz
2 | FlfEE— K 3496.11 Hz
3| Z FEdREE— R 3977.27k Hz
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6.3. 3 IMEERMRFRBFEE DOV I 2 V—va ViER

1 ¢

V= 2V 08 |

¢ 1V
AOV 0.6 F

04 }
2

02 } A

A

Displacement 4y (um)

-1 -0.75 -0.5 -0485 ? 0.25 0.5 0.75 1

‘ Acceleration a (G)

-06 *+

4 6.12 f L EMEINELE Ve SFEALy FrtED > X 2 b—3 g URER(ET LV 1)

[ 6.12 |2 —FF DBMRIZ Ve=Ve1=0~2V ZHIINL, & 95— DEMIZ Vom0V ZFIINL 72
& X O EMEINEE Ve MMy BED T I 2 L—3v g URERART, HIEEE Ve 2
0V, +1G OHMMEEEEIZ R L TEMAY IFET L LIEH04um FBBETH -7, K6.12 12
BWTIE, COMEEDOEGEMAEEML TWDOT, BIfETEFIITOATWSZ &%
flesl c& 7=,
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wIZ, TNV LIZBNT, HithEMD—F1C Ve=Va=0~2V OEEL, &5 —FHIC
Vom0V ZHIIN U2 RN S INEE 2 1~-1G % Y Hli 5 A EN U 7= R o 4R & 55 % 2 2
V—a L, EREUTIORT,

6.7 ET N1 OMREEEFHEDOT I 2 L— 3 URER

- HIREB L f [Hz]
a[G] iR HH AR 15 HH A A 5% HH i
EUINEEE O[V] | BUINEEE 1[V] | HVINEE 2[V]
-1 771.826 771.839 745.493
-0.8 771.826 754.726 743.083
-0.6 771.826 757.75 743.083
-0.4 771.826 759.528 734.895
0.2 771.826 761.157 726.524
0 771.826 761.157 732.863
0.2 771.826 762.628 737.88
0.4 771.826 771.832 717.647
0.6 771.826 771.832 706.877
0.8 771.826 771.832 692.039
1 771.826 771.832 669.386

KOTITET NV LIZEBNWT—HDOEMIZ Ve=Ve1=0~2V ZFIINL, b 95— FOEMmIC
V=0V ZEUN L7z & & OFHININEKEE o st AR E f RO I 2 L—3 g UREROE
A RT,

[ 6.13 [ZE T /L 1 OFIIIINGEEE o )HERE B f RO I 2 b—v a VR E TR T,

-1G B +1G OMEEEHINCX LT, A5 OMHEBMENEE Ve 23 0V OBEIZ1TdE
BWREEEOXIEEA B LRIz LT, B HORMBEMENEL Ve 23 2V OHAIC

HIRE S £ 12 771 Hz 705 669Hz ~ & 9 13.0% 251§ B 5 2t ST,
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Resonant frequency f (Hz)

800
(] (] (] (] & 7y A 6
¢ . . S
.- = 700 ¢ *
= Vc— A0V *
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S
g oV 600 |
[
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&
8 500 |
[n'd
-1 -0.75 0.5 -0.25 0 0.25 0.5 0.75 1

Acceleration a (G)

4 6.13 FIAIERE a xfIAREEE f FRED v I a2 Lb—va VR (BT 1 1)

800 L
750 - \H.

700
A
650 | =0=-1G
=B=0G
600 A-1G
550 |
500 . !
0 1 2

DC Vc [V]

4 6. 14 N EMEIINEL Ve xFIREREL f FeED > I 2 Lb—a URER (71 1)

4 6.14 |[ZE7 /v 1 ORI EMEVINEE Ve xRS f Fetb D> I 2 b—a URER
R IMEEEEUMDBS G AT R 7 O EMAVNELE Ve 2 0V 726 2V ~ LS
BTN BRI A FIX 771 HZ 25 745 HZ ~ 2934 % K T4 5, -1 G DINEHE & F)
MU T=5E121E 2 ORI L, +1G OIEE - 2N L=8A1Icix s
D AR FE W EAACITRIE I D /R & e o T D,
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08 r

06 [ *
V= &2V *
miv 04 | N
\E:; AOV V'S A
= 02 | n
£ A
E L 1 1 1 fal 1 1 1 J
2 ® z
S -1 -0.75  -05 -c‘s 0.25 0.5 0.75 1
&
a ’ -0.2 F
Ay Acceleration a (G)
i L 4 -0.4
L 4
-06 b

6.15 R EERREIIN T Ve XPEAL Y FFED U R 2 b—2 a URER(ET L 2)
6.15 [ZFETFT IV 2 D—FF DB Ve=Ve1=0~2V ZFIIL, & 9 —FHFDOEMRIZ Veo=0 V

AN L7z & & ORI EMBEINERE Ve BNy FrED v I 2 b—v g VR ZR T, &
T2 EHIZE0Sum FBRETHH- T,
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#6.9 ET V2 OMREPEEFHEDO T I 2 L— a3 UER

IR A f [Hz]
IBEE
o] | MiiEH e A e
FIANEEE O[V] FOANESE 0.8[V] | FILANFESE 2[V]
1 789.818 789.815 736.653
-0.8 789.818 789.815 729.335
-0.6 789.818 774.436 720.061
-0.4 780.818 771.988 717.061
-0.2 780.818 769.410 708.282
0 780.818 766.132 692.603
0.2 780.818 763.210 670.699
0.4 780.818 762.000 654.478
0.6 780.818 756.49 616.796
0.8 780.818 753.620 583.523
1 780.818 749.092 452.547

F69IZET N 2IZBWVWT—HFDBMIZ Ve=Ve1=0~2V ZFEIL, &9 —HDEMRIZ
Veo=0V ZFIIN L7z & & OFIIILEEE a xHEIREEE f R0 v I 2 b—y a UREROHUE
TR,

4 6.16 [ZE 7 /L 2 OFIAINGEEE o )HEERE B FrtE 0 I 2 b—2 g URERE T,

-1G 22 H +1G OIMEERIMI VY LT, A7 o EMENELE Ve 23 0V OHEI12IE
HIREPE S ITZTEAEBL L0 DI LT, B HORIHEMBAINEE Ve 2V OEA
VAT HRHR SR F 13 736 Hz 725 452Hz ~ LK) 38.5 WS b4 % fit NS B -,

6.17 |\ZE T /v 2 O EMEVINEE Ve st R EEL f FrE D> I 2 L—3 3 URER
R IMEEEEUMDSEG AT R 7 O EMAVNELE Ve 2 0V 726 2V ~ LS
HTW< H%Eit?}»%)f]iﬁiﬁcf X789 Hz 75 73T Hz ~ L 166 % K T35, -1G ONEE ZH]
MU T=5E121E 2 OB HZETRD L, +1G OIEE - 2N L=85A1Icix s
@%ﬁmﬁﬁ%miﬁ%_%m¢5ﬁ%&&ofwéo
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Resonant frequency f (Hz)
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6.16 FIANANEREE a st HARE I fRED T I 2 L— a UHER(ET L 2)
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DC Ve (V)

6.17 MHEMENEL Ve SHEREEE O R 2 b—v g VEER(ET LV 2)

ETIVL, BTV 2 OFRFEDOFHANZ W T, JKELE 2RO TZERK X PULL-IN L7z R

RTH D,
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6.3.5 MEMSpice & Intelli Suite DFER D LL#E

MEMSpice & Intelli Suite OFERZ b L CAH 5 &, PULL-IN B/EIZERITH D, [
&0 MM OFFER I TN D DD 0%, HilEHEE Ve ZH NS & T < & +1G s EH]
IMZ%F LT Ve=2V TIEETT/V 11%, MEMSpice TiZ Af/f=13.8%, IntelliSuite Ti% Af/f
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Appendix D IC {22\ T

ANALOG
DEVICES

(AD797) IZOWTLL FIZ#EBAT %,

Ultralow Distortion,
Ultralow Noise Op Amp

AD797

FEATURES
Low nolse
0.9 nW/yHz typlcal (1.2 nWi/He maximum) input voltage
nolse at 1 kHz
50n¥ p-p Input voltage nolse, 0.1 Hz to 10 Hz
Low distortion
—120 dB total harmonic distortion at 20 kHz
Excellent ac characteristics
800 ns settling time to 16 bits {10V step)
110 MHz gain bandwidth (G = 1000)
B MHz bandwidth (G = 10]
280 kHz full power bandwidth at 20V p-p
20 W/ps slew rate
Excellent dc precision
80 pV maxdmum Input offset voltage
1.0 pV/C Vs drift

Spedfied for 5V and +15V power supplies
High output drive current of 50 mA

APPLICATIONS
Professional audio preamplifiers
IR, CCD, and sonar Imaging systems

Spectrum analyzers
WNtrasound preamplifiers
Setsmic detectors
I-A ADC/DAC buffers
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Figuire 1. B-Lead Plastic Dualin-Line Package [PDIF] and
8-Lead Standard Small Dutine Pockage [S0IC]

GENERAL DESCRIPTION

The AD797 is a very low noise, low distortion operational
amplifier ideal for use 2s a preamplifier. The low noise of
0.9 nV/Hz and bow total harmonic distortion of —120 dB at
zudio bandwidths give the AD797 the wide dynamic range
necessary for preamps in microphones and mixing consoles.
Furthermore, the AD797% excellent slew rate of 20 Vs and
110 MHz gzin bandwidth make it highly suitable for low
frequency ultrasound applications.

The AD797 is also useful in infrared {IR) and sonar imaging
applications, where the widest dynamic range is necessary. The
low distortion and 16-hit settling time of the AD797 make it
ideal for buffering the inputs to Z-A ADCs or the outputs of
high resolution DACs, especizlly when the device is used in
critical applications such as seismic detection or in spectrum
analyzers. Key features such as a 50 mA outpast current drive

and the specified power supply voltage range of +5 Vo 215V
make the AIN797 an excellent general-purpose amplifier.
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Appendix F [EHEAT—2D7F 17T <OV IZONWT

1.D200GPIB_VB2005_ J # (A<,
2.D200Control GPIB.sIn ZBd < .
3TNy T BT,

a [200Control GPIB (E{T%) - Microsoft Visual Basic 2005 Expr:
7D BRO ATW IO EMEE TRID THW UMD 00w i Al
DS L d@ A DARES 9.0 kel 8RG8

Resources Designer.vbi | (C00Cor#ol GPE

e

auto-generaled>

© 0274 WAOXER, HTORETE
' a-FEREBINALRCARLRYL
: auto-genersted

v pEn

COI-FRY-MIk-TERZNELE,
IV L R-Fanasnn.e

Option Strict On
Option Explicil On

Inporls Systen

& Nenespace My Resources

"CO73 213 HronlyTypedhesourcebui ld
"EEIE Viswl Studio DEILY-LER
AZITEBMERIINBT BITIL, Resk 7
Resben ERFTLETY, 2113 W 70V

wnAry
O=N54 T2NLXFALLEURT

[sunmary.

{Blcbal.Systen, CodeDon, Conpi ler.Generate
Global. Systen.Diagnostics. Debuggerhonlise
Global, Systen.Runt ine,Conpi lerServices,
Global.Microsofd.VisuslBasic. HideNoduleM

Friend Nodule Resources

.0.0.0),

Privale resourcelan s Glebal Systen| fyppe L

wary)
COPI2TRAMINTLLH+ 7T T AT AT ECRT,
[somary
{Global. Systen.Cc EditorBs bl il Global,Systen.Ce Edi leState. dd ).
Friend ReadOnly Properly Resourceanager() As Global.Systes Resources. Resourcellanager
Get

If Object.ReferenceEaunls(resourcelan, Nothing) Then
Din teap As Global.ysten.Resources.Resourcelianager = Nev Global.Systen,Resources.Resourcelanager("D010Cont rol _GPIE. Resources”
resourcelian = leap
End If
Return resourcelian
End Get
find Property
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