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2. WILEN

The goal of this project was to develop equivalent circuit models as a unified design platform that can
accommodate a variety of fine MEMS devices, and to build a web library for collecting and viewing these
models.

In FY 2007, equivalent circuit models were constructed for a total of 12 devices, centering on those with
high priority in the Fine MEMS Project, in order to provide advance feedback to the design effort regarding
electrical circuit properties. These devices included a CMOS monolithic pressure sensor, nanosized Si
piezo-resistive effect and nanosized mechanical structures, a magnetic circuit device, a carbon nanotube
MEMS, and electrostatic comb drive mechanics. Software was also developed to extract the mechanical and
electrical parameters needed to create equivalent circuit models for each device structure. In addition, a web
system that allows Internet searches was developed and the aforementioned development achievements were
stored in this system. A function to enable viewing in this web library was also provided, in addition to a
manual that presents an overview of equivalent circuit models and explains their use, the method of deriving
parameter extraction software and so on. Users employ this web system to select the device they would like
to design and then enter the size and other dimensions. The system automatically calculates the Young's
modulus and other mechanical parameters and determines the equivalent circuit model. Users can download
a Netlist containing the electrical circuit constant and other data for the model, and they can add peripheral
circuit data to this Netlist to easily derive electrical signals with a general purpose electrical circuit simulator
(SPICE, etc.).

Achievements in FY 2008 included the completion of a comb, spring, beam, parallel plate, acoustic
element, cantilever and other MEMS structural elements as components. Functions to provide greater
versatility in the expression of device equivalent circuits were also created: an equivalent circuit model
capable of using external force was developed, in addition to a connection function capable of combining
equivalent circuits by means of this external force. These achievements can be downloaded in the form of a
Netlist that can be used by the SPICE general purpose electrical circuit simulator. Moreover, an
interconversion function for MemsONE and other 3-dimensional CAD models has been added as an input
function to make it possible to create equivalent circuit models from MEMS 3-dimensional solid models. In
terms of output, even users that do not have SPICE will be able to easily display graphs of electrical and
mechanical properties through the addition of simple peripheral circuit data. In this way, the versatility of
functions has been increased to facilitate use by electrical circuit engineers wanting to incorporate MEMS
devices.

These functions are referred to collectively as the MEMS equivalent circuit generator, the world's first
system for generating representational forms for MEMS using electrical equivalent circuits. To enable use of
the achievements of FY 2007 and FY 2008 in the same Web system, both the content and instructions for use

have been made publicly available.
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Ralb—varEFETT LG, WATHD,
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£} http://10.38.7.23/WebLibrarySyste m/weblib./tmp./NetlistUhnx9.cir — Microsoft Internet Explorer —[a] x|

IFLE RBRE ®RW HREANE YO ATH ‘ "
0% ©- 10 2 () o Yeonow @ w5 B B
FELAD I@ http://10.38.7.23MiebLibrarySystemAveblibAmp/ Netlist Uhnx9 cir j FEEn |U‘J'7 >

# test
# . ftup/ParameterdFimdy
# . ftmp/ExtParamelerDFSKNx:

# External Source(s)
well enodejoint001 enodejointl02 ac 1.0 O
wydummy  enodejoint001 0 ac 0.0 0

# Deivce Subcircuit Calls
xcircuit_test  enodejoint001 enodejoint002 0 circuit_test

# Type of Analysis
cac lin 100 1.13ef  1.187ef

# Batch Output

# Output conv_conb2tern_conplll velacity

# v direction

.print ac maz{i(Bicircuit_test:conv_combZtern_comp001:valy]) i(Bicircuit_test:conv_combZtern_comp001:voly) ph{i(Bicircuit_
# Qutput conv_comb2term_complOl farce

# v dirsction

.print  ac magiv(circuit _test:imnodel y,circuit_testimnode? y)) wicircuit_testimnodel_y.circuit_test:imnode? v} phivicircuit_
# Dutput ell current

cprint ac magli(vel1)) ilwed1) phii(vel1))

.subekt circuit_test enodejoint001 enodejointio? 0
# Subcircuit Calls

xcony_conb2term_conp00 1 joint002_comp001  enodeioint001_comp00l mnodel_y  mnode? _y conv_combZterm_complll

zmass__complll _mass_1 enodejointl02_comp0ll mnode?_y  mnoded _y  mass__compl01_mass_1
xmass__compll1_mass_2 il enodejoint00]_conpd01  mass__compl01 _mass_2

xspring_beam_comp002  enodejoint002  enodejoint008 mnoded_y  mnoded_y  spring_beam_comp002
xspring_beam_comp004 enodejoint002 enodeiointO0f mnoded_y  mnodeS_y  spring_beam_comp004
wspring_beam_compl05  enodejoint002 enodejoint0ng mnodeS_y  mnodeb_y  spring_hean_comp005
xspring_beam_comp006  enodejoint002 enodejoint0ng mnodeB_y  mnodel _y  spring_hean_comp00E

cends circuit_test
# Subcircuit Description(s)
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3. 6 ZEMEEEET L - 3ot CAD 7 /LA A ZE R D BR%E

3. 6. 1 ZHERKET /L - 3ot CAD 7 /VAH B A AR A

[. FAEMFERO B W) & 5k

1) WFFEMRA D B
(18— AT & 2\ T RFEE A = 428 MEMS OkGE - BIFICBA D 2 85k 7y ot Eol-oizix, &
TERMZEIERR T 2 2 &< TAA AMRRD TR - BGEEA TR T3 I alb—va Y7 b =T R
HELRD,
Z 2T, WEB %ffi[mi% 7 4 77V —& MEMS Hi&at - it I a2 b—2a vV 7 R3EHEL T
15 C& AT O W THATIRE 217 9 .

2) WFFEFHA O EhE 7k
T, MR R 2 L= a7 b & MEMS HkGEE - e 21—y a v V7 o
WHOERET —H THLIBRT —Z LMET — %235 L L, CAD E7/WZEIT5H 3 RLBIRT
— & LRI E T VBT DR NT A —Z2 OB AR, BELW, CAD 7 MVICEBIT5
MR — & L A0 T T VO EMIE T A — 2 OB G AAERBEIFICE L, £3, filiov =
L—3a Y7 OGRS XU CAD S BFIC BT 2R T — 2 O RIEIRORE S & T, ED
24T 9, WIZ, HHRREIS 0 2 B 2 kbl 71k % 43 pT - fat L. WEB SfiElE 7 1 7 F
U —DFT A A E R G BARN e i A 0 2y 7 OFRE - REHERZ@EE L LTl £ &
D,

3) FEMEONE - FiPH
Web 2:Afi[5]3& 5 4 75 V) — & 3kt CAD EF /L DI T — % 3 L OB MEAE O A A 2542 B4
TR (1), (2), (3), (4) OREEITI,

(1) ik MEMS ¥ 7 h@OEIEET /L E CAD TF/MICEBIT BT T — % 3 L OME A OFE
ERUES

(2) CAD EFWIZH T DRI LLEAT

(3) WEB #Afi[BI#EET LV OFR/NT A —% & CAD E7T /VOFIRT — % OFH B AT
CADT /A ZAETIVOFRNFFE AR E 2. 7 — % 0 SR T T N ~OEHHIN &5 T,
TR T — # Z BB T D BT ORME LT 5,

« Web Sl [BIREE T VDR NT A—2vb 3oL CAD 7 VOIIRT — & DAL

* 3%t CAD ET VDOIBIRT — & )5 Web ZEMEIIEE T /L DR /X T A — X DAL

(4) WEB %[l #5E7 L OM BN XT A —% & CAD E7 VOMEH)MET — & OFE B AL
i

« Web Z:Aff[0] 3% & 7 L DM EMVEAL R T A — % v 5 3 kot CAD &7 )V OMEHIVEIE D E K

- 3ot CAD 7 VO BN D Web TR E 7 /L O EHDTEE X7 A — & DARL

4) FLDLEER

EAMEIRET L E 3Kt CAD 7 /VOMAEAKENTICED S TRl OFRE SIS R Z I #ED 5,
(1) ™K MEMS Y 7 NOEIBKET /L E CAD EFUICEIT AR T — % 1 X OB BB O
i
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(2) CAD EFI/VZHIT D IR

(3) WEB Zfi[EI#EE T VO T A —% & CAD 7 NVOIIRT — & OF BB

(4) WEB SB35 7V OMEMIE ST A —% & CAD E7 /VOMEMIET — % O BAH;
(i
FHENEIL, Web SR T 75 U 2T A& 3ot CAD OfrEd#E HIKHIZIE, WEB %
fi[E#E € 7L & 3 kot CAD £ TV OIIRT — & 3 L OMEHOPEMEIZ B DA A A HIZ B35 (3)
BIO (4) RETHY., ZOFEMEREZME 2 T, HAESBREMOEEL L, BRAR5ELE
KERET D,
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II. ik MEMS Y 7 b & CAD JZIRIE LB O it ds S O AL B BANERE O FERER

1) ik MEMS YV 7 F O##&

MEMS Mlaxat - fitr >z Y 7 b & LTRERZR TR 4 Y 7 F OREKE T /LB o i 4 2 A

TE DD,
- CoventorWare  (Bi#¥&7t : Coventor £f)
- IntelliSuite ~ (BA¥EJC : IntelliSense 1)
« MEMSpro (B%& 5t : MEMSCAP #1)
 MemsONE OEIBER LY R 2 Lb—ra Y7 MEFT B AT L)

(1) CoventorWare

BT I a2 b—a Y7 ME, ARCHITECT £¥ =2 —/VNOEIETHY ., ARCHTECT £

Vo — /USRE DR R A AL D 5,
ARCHTECT & FEAEAEREI X TREDE Y Th D,
@® SaberHEHY 7 K

/'Saber simulation « + *SPICE fHYDFIHEI I 2L —#

/'Saber Sketch - o [EIEREERK - RS — L

/Saber Template  Library : + « [BEHEAKT 4 77V —

/Saber Componennt Library « « [EEHIEET A 77V —

@® Manufacturing Analysis =+ * « BT U, B E U T o 7T
® EM library - - - EBRXERRTFTIAT T —
@® Electromagnetic/Optical Library * BT OB AT HZ 4 77 U —
@® Fluidics LIbrary < KNI T A 7T U —

INHEDOHRT, EM 7477 U—» Electro Mecahnical €7 /L (beam. plate. comb,
E) ORI A4 77 —TCThsb, WEKICEM 74 77V ——&%RT,

no Ro¥A T 7 L— N i 2

1 Beam Beam B A THY
Beam Contact BEfidft X
Beam Actuator Actuator {1/ & beam
Beam Piezo Actuator Piezo Actuator % Beam
Beam Electrode BT & Beam
Post anchor {1/ & Beam
L-Beam L FJ¥ Beam
J-Beam J ¥ Beam
Box Beam k& BOX E
Serpentine U “F4 A
Freeform Beam (ER=XDLiivel 37
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2 Rigid Rigid Plate Rigid Plate
Plate Rigid Plate Contact el &
Electrode AT & @ Rigid Plate
3 Flexible Four-Node Quadrilateral Plate Elastic Plat : 4 #i%
Plate Four-Node Quadrilateral Plate A b o 4fidf =
Contact A I o EERf =
Four-Node Quadrilateral Plate Elastic Plat : 9 #i%
Electrode A b - Bl &
Nine-Node Quadrilateral Plate A I o EERRf &
Nine-Node Quadrilateral Plate
Contact
Nine-Node Quadrilateral Plate
Electrode
4 Comb Straight Comb AT (EARfTE, LUF
Drive Curved Comb [])
Radial Comb MR B - A 52 B @)
Straight Comb with Split Stator M VR B - 2 A IR B @)
Radial Comb with Split Stator SEATRUART B - D — R AN E E
P VLA i - g D — 8708 [ 7

EM 7477V —OFEETa /7 ¢ DOFlE LT, [beam_lseg] ODEET /7 ¢ #4815, (i
DITAT7Z VY —HEER)

DOF L : Beam 4
MDFA LFEAT D 72D OISO AL
Beam O E (—FEX)

@XKnot FEAEAE
@end JEAEAE
@w : beam IIF

(®layer(main layer)

®layer_oberride

(Msidewall_angle *

< T — N

WiPEAE (v 7R RT Ve, B K. 72 L) [dbeam O u R o 1ZiE (EEE) S FEhe
LAYEMEE LT, WHEERH Y, hE2ENcsBT 5 58Th 5,

VY,
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(2) IntellSuite
IntellSuite (23517 5 MEMS #F+EXEIKDY I 21— 3V 7 h& LT, SYNPLE 7237
1£9 %, BT L— D X 572 MEMS 73 ZADFARN i, HDVIE, Mith T 7 F 27
— 2D XD IEAMERRER ZH LTo T A AR ORGSR KR iR & A Gt
TV AT LK ARETH D,
SYNPLE COfEHr#REOFIAIL, LLFO#@bY Th o,
© TN UIRRT - ME SR - KIG S fEAT < W PEREAT - AC FEAT
- DC f##r - S AT - BISRMRAT < T AV T

SYNPLE T» MEMS elementary 74 7 7 U —%RFIIRT,

no Ko7 77— MNEH fifi 2
1 Anchor Anchor
2 Beam Linear Beam
NON-Linear Beam KT
3 Beam Beamdoint_2 . Beamdoint_4 Beam <° Plate Ok
joint BeamdJoint_T FF
Befol 0B TR DN 5 2
ns,
4 Rigid Plate Rigid Plate
Comb_Drive ElectroStatic Comb_Drive AT %, Beam,gap %
it
6 Gap ElectroStatic Gap MemsONE @ GAP 3% 1
LRI
7 Knot Knot : J1,£— A FEERED 0 FREMFICH YT 5%
1k +
Full Knot: /]Z DO THIED 0
&
FOECE/MOMENT Knot: /j & €—
A& O
8 Z DAth translation-Based Gyroscope microgyroscope

Genaralized Inertia Device [a] LR PR D
MEMS Swich with Repulsive Force microgyroscope

Thin Film Swich Switch

MacroModel of TEM Switch

reduced order model &

M

MEMS elementary 74 77 U—DO7 /X7 0 OflE LT, Tbeam| OEET /T 1 %4
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FT5, D747 7 U —blEkk,)

DOname (FE14#R) @Density @Yong @®Poisson kb
O ©& DE OME
@bloat : Damping Dfifi IEIH 0air-gap etc
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(3) MEMSpro
MEMSpro @3 A7 AREIHBEEE Y 2 — /Ui, Fit?D 3 EY 2 — A bR I TV D,

+ T-SPICE + + - SPICE /¥ D> I =2 L —#
* S-EDIT « - - FKETIVDOES « WY —/V, netlist ZH 135,
« W-EDIT - - - i ROB O 2 —7

T-SPICE # X O* S-SPICE OE 7 /1id, BRMIERE TR T, MEMS #7205 L2ET /LT
ESAAN

MEMSpro (2%, MEMS 174 77 V—=0R{FET 50, ZNbDI7A4 77—, £LLT, «
27 ERICTER &S Tn b,

(4) MemsONE
MemsONE 128175 MEMS #+7 A4 77 U —%RFITRT,

no PN T 7 L— MNME il

1 Anchor Anchor

2 Beam Beam PR

3 Plate Rigid Plate . Elastic Plate

4 Gap Gap Ty H

MemsONE (28175 MEMS &+ 4 77 UV —07 a5 cDflé LT, Beam D7 137 ( &R

j—o
Q4R QAR OKAETE @b
GFEZ  ©#hlElEs O & ORPTLE S

Q@RT Vb O¥5ME GRIROREE, =7 X v v )

Rigid Plate ® 7 2/87 4 (ZLAFD@EY ,

O4HT Ol @KRE & (b7 i)
@IElgs (b7 m) @FE

O©F5PE GRIRDKEEE, =7 F v v )
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2) CAD JERIL BT O i

CAD 7B H T DR KHIT, Bk - dhim, [ - MO0 - M#Ew - AR - K - Rk L
OFFHTHE - T - K, RO, EME - = - WA - 4 miE - 6 ik CORMBIRZR L, &
F S EREADBFE L. AHEDOERIEREIN b 2RI hlz>Tnd,

ARAETIE, WEB HMEIEET 77V —TORRETANEMERTHLZ L, BLO, 3K
76 CAD DR Z 7 — 5 L OEBILH ZREIZ L T D Z L b H Y CAD 8 Tk < FIH &
NTWDZmEEITEIEA, STL B, AIREHFEA, BLO IGES B VRML EZAUZHET %
AR R £L DD,

OZ R e

BWITTIIR D 2 TTaL BN DR SN D 2RI L D KRBT 2B THY  3kIcD VU >
RIEIR 2 REBLT 5 72D O b Bl SP A 2 KRB TH 2,
ZEAEEIERIC W, TEA, S, Bkmsznth, UTOBRTERIND,

< THA : 3IRITD A

- BEARR - THR AR R L 72508

- AR - EEOBRERBIC LV BRI D 3oLk KT

LR 2 WA 2 2R T O R ERAL

TR LY (MHBEfREETS) YU v RF—X2RBET 25513, THA, SRR,
MRk OFH BB (FCAEIEH) 20T 2 0B R H D, VY Uy RT—H & L TORBEDB LI T IVUL,
SWITIIR D F M & AR T D EEBOERE A ERE I UE -+ Th b,

LTI O BIRR 72 7 +—~ v NI BB SN T LD TER FIRY 7 b =7
WXV RS,

0 STL EX

STL /&= (Virtual Reality Modeling Language) 7 —# X 3R tIEROT R CORHERIKRE =
ALK TEL LI ERBREXNTH 5,

BARMIZIE, T L 7 =/ATE 0 3THROEEE, I XM OERNZ v (KON
S5 ICK W EFRSND, HOERY MUVESTEANORET L Z ENTE S50, 3AENIIT
LR CTH Y . IEETOEREIROERY M OEMARFREL L O STL 2HHT25 Y 7 hoa
HZNRZEZE LT, TR LITINTERNY M E2RET DI ER>TND,

STL JEUL, (AEIEHR AR 2720 3 AIRIC X 2 Zmikia B E bW R 5,

STL IFFFICHERIC BT DIEMET 7 A VT —~v > P E LTHEHINTWD,
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O AREFREA

WEIEfRAT 72 & TR &b 3IRTTIROEL T —% Th 5,

BWILTEk %, AIREER F 71T B R & MR L ARk (S aEI L, Mo o8y ik
KEZD1 21 SOEFITHH L, ZoHHiL FRALMEAG DY, T XTOHFERXDMLT i
ERDDHZEITE ST, BRIRICH T DT 21T 5 Fikx BRI TR I S,
AIREFROBMAERFEEE LCX. 3AK, 4AFREOmEBIREIL. 4HEAE, 6 mE, 5HEik
7% EDSRIIRBFAET D,

AIREHOP T, 4K, 6K, 5HEHAZREDNKE#HE VOXEL (R7EL) LRI L HH
5o

0 IGES

IGES (Initial Graphics Exchange Specification) (%722 CAD ] CT7 — ¥ 222 #i9 5 BRI H
TOLRMZ 7 ANTH—< v FO—DThH D,

ANSI 235RE L. HENHPESE 2 PO FEICHRELED CAD 77— AThH v, 3 RoiT7 —4
OB LIS HWBILD,

1 VRML

VRML /%, ['Virtual Reality Modeling Language| D& T, 3RILFR DT X TOFEE = L miA (3
DAY Ar) CRET 2 ZHETEEAD—>TH D,

VRML %, BREEORR ST, AERBETE D LBRFETH D,

SWIIRORE G ELTE, 77 ANVEREITIA T 7 AL (TS ABERE) THY,
Ny TR =R (T 4=V R) TR NEAT = D5 ODERNOLHEE IS, 3D
AV TUOTEABIOROMEEE, RY TUR0@CEBIC L DT 7 AF v —, HRICE DL &7 E
HIRETE D,

—MENZNTA F =Ry P ET3RILT T 74 v I AERBT LH720OD~—20 T v 7 FiEE LT
FIHSHLTWA,
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3) AR OF-EOR
AIEN £ COREREE TIC, BT T BT 2% L 3 kot CAD £5 /L O BAERFE T

ZUTICIRD £LD5,

723, MEMSpro OEIE Y I = L—4% V7 | S-EDIT Tid, K1 ORNDB RN, Find—

RENDITBRAL TV D,

1 A3 7 /L AR D % A Rl aE 53 &
— 3% CAD| o A4
ET)V PR A7
BIRT — 4 A
1.1 Coventor O A (k1) ARCHTECT
1.2 Intellisuite O X SYNPLE
1.3 MemsONE O X FIREREY I 2L —F
2 [T T L ERLD % A it e B3 L
— 3% CAD| ® CES
ET IV P
s MR T — A
7
2.1 Coventor O A (k1) LA YICL D MEER
2.2 Intellisuite O X
2.3 MemsONE O X
3 3%t CAD % AR D % A PR HE 5 mE
A% ) PER.:
—EET L PR
D ERT—# A
3.1 Coventor A (K 2) X
3.2 Intellisuite A (k2) X
3.3 MemsONE A (k2) A (k3)
4 3%t CAD £ AR D % AP RE W53 &
ValiZ D EEE LS
— AT TV PRI
LM — A
7
4.1 Coventor O X
4.2 Intellisuite O
4.3 MemsONE O X

* 1 EEERIZAERT DHEREIT /2 <
2 L—H =3 RITET IVOEEDOTRN THER,

A —>~ A7 >7 ok AT

~
]
~
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* 2 : 3%t CAD EF/VIE, —fXAICEIRO B HENE <. Besm <° Plate DR~ X A L7
R REHITTE T,
* 3 : 3WRITIIRET NV—SSL AT —# —[EK Y 7 F TOHLY AR « SRR A[EE

3% E 7 V— 3ot CAD £7 /LB LW, EIEET /L3 kst CAD E7 /LD ~DEHZR R

Haix iz,

FHAMHE B OREZ D £ LD,

V7 MEREE L TIEE LR,

no HAfrE H AR
1 [\ &5 L— 3 %ot CAD ERRD T DINERIEHRILH 5.
TV
CRT— %
2 [\ &5 L— 3 %ot CAD ERRD 7= DINEBIEHRILH 5.
ET IV
C MEHE T — #
3 3%t CAD £ /L—[Ak 3RITLDET NIER DS, Beam, Plate 7¢ E'[H]#E
TV 7 MCHERT Mk ST AVRRICE T S
CBRT— 4 &I,
BIRILETNDOIKOHHEDHD TENZ L&
R D& BAHEES B3R TR,
4 3%t CAD €7 /L—[al# 3 ot CAD 7 /MIZEIT DRI, Sk L
ET IV BRI o TR MEEFE TR LA YE T
C MEHE T — & L CHEMICEE DM, AROT=DOERITH 5,
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M. “%f\EKET /L E CAD EF/LDOBRT — & DA B2 HLLER

ORT — 2 O BEABIIE 0 2 713, FMEIEST A AEEIC R D,
BAAICIE, CAD &7 /L2 BB T 7 A ~DEHRN FZHRETH D

JEIRT —Z DA EEBNII 0 Y 7 O FERBETH D 13 kot CAD £7 /L) 5%l T T v
DR ANT A —=2HHa vy 7 ) ICET 2@ ORiHE & WFLO AR HEHI TR 0@ TH 5,

RN T A =4 i

E::$> i B A D 2 v v

Gap
I E 72 V) &

1) CAD ET VDT — X &I L
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