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[—#tv> 3> (OERE) | 13 F8lk: 13.4SIR 7O R - SIREME - MEMS - EBREi |
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[17a-B1-1~7]1 13.4 SiR 7Ot X * SiREHE - MEMS - BRI

B+t 35 A(Hundred Semiconductors). 2 H(EIX)

9:00 ~ 9:15
[17a-B1-1]

A > F L N—1&iEa-InGaZnO TFTD s k1714 5T

OB w2 =M &2 (1LWEEIREtE. 2LEAF IR

9:15~9:30

[17a-B1-2]

EEFREHLIRF DR

OXA Bax B =x\. TRz wE 2 aE B3 AR 2. B BE (1.0 L4#)

OEMETVLY—

9:30 ~ 9:45

[17a-B1-3]

SREAUETHMEMSIIEE & > HICH 1T B EBASRIC & B & D MFIH&ET

OB)AaH T’ DeviSrujana Tenneti'. #1178 &', WA EA\ BTH Tz ER E17'. Tso-Fu
Mark Chang'. 818 FA\ == £ BB B2 (1.EIX)

O EFHETY -

9:45 ~ 10:00

[17a-B1-4]

YA 7OgLRIVERHED 7= DAUEE 1 BIMEMSIDRE L > HICE T 2O A AN T 027
>/ A XBNICRIFTRE

OMB)LHE EA'. #78 ##'. Tenneti Devi Srujana’. BmE FE£'. BTH 52", Chang Tso-Fu
Mark'. B BT B8R EAL = £ FE B2 (1.EIX)

10:15~10:30
[17a-B1-5]
2N TFIEAVE 3WETVIERMMRE L Y OREEFERIC DL TORE

O/l #pk'. B BT, AP BE2 BR EA3 88 2 Bem'2301.3 23777, 2.EH
f#. 3.Hundred)

© HERR

10:30 ~ 10:45

[17a-B1-6]

Visualization of strain distribution in MEMS resonators using stroboscopic differential
interference contrast microscopy

OQian Liu', Mirai limori', Ya Zhang! (1.Inst. of Eng., Tokyo Univ. of Agri. &Techno.)

10:45 ~11:00

[17a-B1-7]

IERREE b T 2P AFEEICX S L 7eCMP 7 Ot X FEE: AT DR 5

Offlg 1«71, #)11 &', EWs At (L #E. M BR (. ERHLEEEEARC)
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B U F L—E1E a-InGaZn0 TFT DG hikEF1EEE(
Stress dependence of cantilever type a-InGazZnO TFTs.
IWRIHE ', IUBKI? OFHN FHedH'? £MAH K
Yamagata Res. Inst. Tech.?, Yamagata Univ.? °Shinnosuke lwamatsu'? and Takashi Mineta?

E-mail: iwamatsush@pref.yamagata.jp

[IZUDIZ] TEAT 7 AL DT A-H U o A-BENE LR N5 > 2% (a-InGaznO TFT)
OB PGP ED 5TV D, a-InGaznO DAV BRI xd 2 AR Lz pH &2 30,
T A @ ERFHFE STV D23, MEMS #ERATEH Lot o oME w720, AT
JECIE, a-InGaznO TFT & MEMS #IER DR G Z HHJ & LT, a-InGaznO TFT % Hijftish Si 4 > F
UA—HEERD BT D 7 re A2 et L, SIS II08 TRT FRPEIC 5 2 5 8% 31 L 7=,

[FEBR R OS] 730 ZFEHUCIE, HeHEHT 0.005 Qem UL TRy R—=70#kH i p A U =
vERAWE, 1D, HEREmE S OGWEA A=y F 7 (D-RIE) 12X 0 FRE 10~30 um @
BAT 7T HRICHIT L, WICHERFRR 2D D-RIEICLVEBET Yy F 7 LThrF LA—
EEER LT, TFT #idlE, A NAas— ML L, Si a7 — NERm, Btz 7 — Nk
BEL LCTHWEe, TFT X~ A7 Ay ZIBIZX D IER L, Si OBBRLIEE K%, a-InGaZnO &1E
JE, SID &, /Ny _X—va VIEENERIER LT, 7 =—/VALBRIE, a-InGaZnO 1EMEE A% I
400°C T1lh , FF5EAHIC 350°C T 1 h, ZHNEHNKREF CTEfi L7z, B F L 3— a-InGazZnO
TFT DML E Fig. 11237, B FLAA—EXA220mm, 1EZ5mm &L, EX(X20 um ThHo
oo TFT X, B F U AA—REE AR L OO AHTICELE Lz, BT IS/ &2 FIIn L 72k TFT
FetEa Fig. 2 12T, A7 A=~y REHWT, B F LAz LA, T F L
N— FEIZBIRIC 1 &2 52 e, 710 F L= LIAB &) 0~4 mm OIRAE TIREEfetE 2 MlE L7
R, FHEOZILIIMR CE enode, Fiz, WER, B F LoN—MER, TRT #ERRICHIBE,
7T 7 EORAEG IR0 e, RREDRKRZEN 4 mm %, #iiF)S7) 100 MPa, #3448 50 mm
IS L, BHD MEMS 734 Z THWAHHIFAZ B 2B ETH D, UEORREND,
a-InGaznO TFT DA xIT 2L EM A MR L, MEMS #i& L CoER O RIREMA L L7,

(1) S. lwamatsu, et al., ECS J. Solid State Sci. Technol., 11 (2022) 117003. (2) H.-W. Zan, et al., Appl. Phys.
Lett., 98 (2011) 253503.

. 105
______ Cantilever z - Displacement:0-4 mm
E 108 3
A
3 i
-------- £ 107¢
p V=05V
10_3 1 1 ¥ 1 1 1 1 1 1 1 1 1 1 1
S/D electro -5 5 15 25
O Gate voltage (V)
Fig.1 % > F L 3—H a-InGaZnO TFT Fig. 2 i IS I FVINRE OfR 22 Rk
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EEFRXRTFORAFE

Development of thin film piezoelectric resonator
O—LA (), OXK BAE BT R Tit H2z AZ K 60 BE7 AH & B B
Rohm Co., Ltd., ©Yurina Amamoto, Koji Terumoto, Noriyuki Shimoji, Takashi Naiki, Kenji Goda,
Takashi Kimura, Yoshiaki Oku
E-mail: yurina.amamoto@dsn.rohm.co.jp
[#=1

5G + 6G RefROMIE v AT A IZ £V 7 vy 7 B O @ EEBILOER B E E > T D, BUE
2 D7 vy 7R TIEEWIREZEEZ R OKEFEFVBHNSNTND A, £ OFRIREEEITK
B DJE I THIE S AL 2 T2 DR O LHEAIFIZ X 2 BIBRF B ORRNFEEL T\ D, £, TFIE
MEMS Hffi & 16 H L7zl - @S #8 O #E% MEMS JHE 1 S BB EA TWD A, &8 I iRt
SRR D, —J7, Si & LB Z LA A i 7= TPoS(Thin film Piezoelectric on Si)f i o [T 5 #
BRI T 13 = O BRFE 20(Q E) 2 IR EEMEIIRm) & BT 2 Z &N T& 2 L ikic, EEERIX
1GHz Z# 2 % @\ EBBTORIRNATRE TH D, AT x D7 /1—7Tld Si(111) LITpis L7 5
ftieh AIN JEBEH A FIH L7z TPoS M O IR 7 2 3E L, & D IR 2 MERE & 34T L 72,

[ 55 FIE]

Si(111)SOI £:#k 12 MOCVD(Metal-Organic Chemical Vapor Deposition) CHLf#E L AIN Z M= L, Al
BRIE R 1% | 521 7> & DRIE(Deep Reactive Ion Etching) T v ©7 4 #& 2 BT 5 Z & TR 1 1T7-T
JEFE IR 7 2 /ER U2, £FB T OFRIEMEREDO ML Keysight #:5.0 VNA (P9375B) T3t L 7=,

GEED|

2 (MBS DR 72 B F 5 & 2k (W/L=200/300 1« m), 112MHz (28T 5 RE— REEN
BFONEORFD QX 4772 Th o7z, S BIZEMET) < IRENFRFFIEICE 2 D82 Tl L7,
R EDBRE DN SH 272D T & TSRS A L Q EA 29%IM E3 2 Z LR ST,
F 7o, EERHE & LT TPoS 4R 1 0 J& e R AR S (TCF) & 79~ 5 & -45C~125CIZ35 T
23ppm/C & W HEAFE BT, TCF &l & L2l R OFEIC >\ Ty Bigia 9 5,

7000

. o ° [
g 6000 |
&
£
S 5000 | o
&
4000 . . .
0.1 10 1000 100000
Fig.1 Structure of a TPoS resonator Pressure / Pa
65 3000
Q=4772
60 2000 TCF -23ppm/°C

o
n

10002 o
[ )
- °
i [ ]
-1000 |
F °
2000 |
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wn
(=]
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S

s
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e
=)
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35
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Frequency /MHz Fig.3 (Top) Quality factor versus ambient pressure

Fig.2 Frequency dependence of the characteristic impedance (Bottom) Measured resonance frequency drift versus temperature
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17a-B1-3 BIEEGAMELAKSLMHES HEFBE (2024 KHAVLIEN22B&ASY)

SR AufE 18 MEMS IEEEVYIZBITS
SERRIZK DR Y MERE

Suppression of Proof-Mass Geometry on Warpage
in Highly Sensitive Gold Single-Axis MEMS Accelerometers
HRIEKE, Cnal FH#, Devi Srujana Tenneti, #IfEH+h, WWHAEA,

BTH Rz, EM %17, Tso-FuMark Chang, B EA, == %8, 7% &
Tokyo Tech, oChihaya Mukaide, Devi Srujana Tenneti, Kisuke Miyado, Torauto Yamada,

Katsuyuki Machida, Tomoyuki Kurioka, Tso-Fu Mark Chang,

Masato Sone, Yoshihiro Miyake, Hiroyuki Ito
E-mail: mukaide.c.aa@m.titech.ac.jp

[T i) SHFEETIIERE A X VHIN[11Z W C~A 271 G L LOBREOT-DERE Au
$F 1 #ih MEMS NI P R2]ZBBE LTS, A 271 G L-ULDOBHO 7D I IEE &
YDOTT =7 ) A ABy (g/VHz) Z1ug/VHzUL T LT 20ERH D, ZOFMEEH-T 7
DX, BEEEEZ DR EbEmm? & RE S LART IR B2, — 5T, SEEEOEERIZFE
MEMS 7'm ¥ 228175 300CT =— /M2 K D EENK D ATREMEDN & H[3]-[4], T DFEDK Y IZ L
DTN AR~ DR BENETH D[5]-[6] TNETHRIRE LT, +FEE2RAL TE,
A Al Au $E 1§l MEMS JEE ¥ 3 O+F8EOK Y O EA B L. /Y Ol s s LT
DK R - BT LT THET 5,

[Au 1 #h6E MEMS TEEE & > Y O#EE] K 1Y%= Tt LT\ 5 Au $E 1 fili MEMS Jiig
Er P OMEREZR~T, T3 AT, RMEMm, X, A My STHER SN D, IEE
DHIMES NS LEEOEM A FFEREE L TRET 25N TH 5,

[ ERESREMT (Finite Element Analysis(FEA)IC X 28D Y O] $EOK Y i+ 57
Wiz, AIRESRYE (FEA) kb5 32 —var2FEEL7-, FEA & LT COMSOL % Hv 7=,
PEDOKR Y FEMDOAKIESEL LT, $EOE I LIIRIZHEHR Lz, K 2(@)b)Il+FHEDOE S (27.3um 35
L U303um) ZAKHEL Lzt a R, S5, K 2eIlHHmK & LTIRET 5 8 AIEEDS,
WART, YIab—a URRND, FEEOR VIZEDICER L, ESEZHMLTHR MR
BT D Z BN ERnbhoTz, —JF, IBELT 8 AHETIX, BiA~DEYS 1L A FRFn
ENTTOR OB IHISND Z ERNbhot-, LieRn-o T, $ERIRE LCTHH 8 AT
ZEICEY, EOEIEZHMSES L0 SR IMEIOMENGLND Z & AR LT,

[EB - RR] > I —3 3 URERICESWT 8 AT AusE 1 #il MEMS IEE & o W 2 3%,
AEL7Z, M31C SEM BEZ/717, 8 AIKIZ L U KV 3 Ifl ST L& 2 HZBL L7 2
EaEMER LTz, F72. LCR A—X L XA FBEOBBEBKGFHEOMER RN, 77 v=72v /4
ABy (g/VHz) & L 7C0.149 pg/VHzMF Hav, BAED1 pg/VHzLA T & L1z, LLEDREREN D
SAWDIEREZRHTHZ LICE s TR VICL D EZRIRTX 5 Z & 2R LT,

(L] THER L SARMASRATAZ LI OO0 ENESND Z L ZHG M
(2 L7z, BPELTZ AudE 1§l MEMS IIEE ¥ o H O FERFRIC LY, FTEZOT T =T /A X
By (g/\Hz) B™MEoN 2 Z L 2R Lz, Lo T, 8 fAEEN, KEWHEICL 2 EEE Au
S 1 il MEMS IS o O EBUCH A Th 5.,

{%ﬁlKﬂ%mmnmmeMmmmm@%ﬂ%§Ht$@fba

iﬁim’ [1] K. Machida, et al., ECS Trans., vol. 92, pp. 169-184, 2019. [2] K. Masu, et al., ECS Trans., vol. 97, pp. 91-108,
2020. [3] A. Onishi, et al., Jpn. J. Appl. Phys., vol.61, no.SD, pp.SD1028, 2022. [4] T. Omura, et al.,48th international conference on MNE-

Eurosensors (MNE-ES), 2022. [5] D. Liu, et al., Sensors 2020, 20, pp.1186,2020. [6] W. Yao, et al., In Proceedings of the 17th International
Conference on EuroSimE, pp. 1-6,2016.

Al Pen‘c;r

Proof-mass.

7 “NElectrode
Stopper Spring
Spring
Fig.1 Schematic diagram of MEMS  Fig.2 Warpage Simulation result of Fig3 SEM photograph of MEMS
accelerometer structure proof-masses (a)Thickness 27.3pm accelerometer with octagonal proof-
(6)30.3um (¢)30.3um with octagonal mass
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SESSEICAMEFAUTPMARS BRTRE (2024 KEAVEEI2RBHEAVFMY)

T4 8 g LRLBRED=HD Au §E 1581 MEMS IEE+ >+
CEFZEDONY A XNT ST/ A X BN RIFTEHE
Effect of Perforated Proof-Mass Hole Size on Brownian Noise By
of Gold Single-Axis MEMS Accelerometer for Micro-g Level Sensing
RIEIEXRSE, ClUA KA, 8 F#, Devi Srujana Tenneti, M T,

BTH %z, EM %17, Tso-Fu Mark Chang, B EEA, =% =&, FEK &
Tokyo Tech, “Torauto Yamada, Kisuke Miyado, Devi Srujana Tenneti, Chihaya Mukaide,
Katsuyuki Machida, Tomoyuki Kurioka, Tso-Fu Mark Chang,
Masato Sone, Yoshihiro Miyake, Hiroyuki Ito
E-mail: yamada.t.bz@m.titech.ac.jp

I ®ic] YFEETIE~4 71 g L-ub (1g=9.8m/s?) DNIEE % Bt ATRE 2 B/ MEMS b
&l v I atigt LT3, RIRE 2SI 572010, Skl e L CRmEkElo Au 28I L. I
W Y OURERIIET 2777 =7 v ) A X By ZAKIK L 72 Au #E 1§l MEMS HIBREE & > 9 %
FLTW3B[1], By 1x. AT () TREINB[2,3],

By = \[4kTh/9.8m (g/VHz), (1)
TZTs kae Tv by m IFENZNANLY < R (138107 2VK) . HORREK). Il (FE(Ns/m),
DEE(kg) TH 2, ()& Y By IZHEDEE m &I bIHRITFS 5, ZHLE T By DI bR
FAEDERERNE 72\, Sl Fo4 IEHREN TR % JIE SO A — A3 A4 XITEH L, % DD By
DEFNC O TS L 72, AT, By DR — Y A DR A HET L, £ OBt o224 M2 Mk
TB720IC, =478 g L-YURHD 720D 1.0pg/NHz LU T D By # HiEL LT, Au # 1§ MEMS
M#E Y v 3 Zaxat, SfEL 72D Tl d %,

(b - B%ETH] X 11455 CRfFE L 72 Au $E 1 il MEMS JIT8E & v L SROREE 2R3
L. W, Lo Lg. dpl3ZNZNEEDHER(m), HEORE(m), F— vy F(m). F—r% 4 X(m), &l
—SHRIDYIHIF v » Z(m) TH 5, K= W4 RIAEZTIN 572012, B A—7CReE WL 7-
N EHEIE L 72 b =T V2 AW T2[4], AT VI TORQ)TREIND,

b =16nu-10.4(L,/dy) %% L*/d3 (Ns/m),L, = /L%l — 12 (m), )

T 2T, dow ny p \ZFEMG—HHEREESE M), = v F v 7R — B ZEARRE(1.85 X 10°Ns/m) TH %,
2 ICHEDIE X % 30um —E & LTH(),Q)IC L % By & b DF— AP 4 RRIFEDFHERER 2RI,
10pm & 40um DF— L ZHELL, Byl 10%FEEDORKE X ZR L, b 13 80%FEE/NE L, m.ELTW»
%, 40um DF—NALDT A7 M GEOEX/F—AHA X)) IiEHT 5L, 1 X 0/hE L, FEiE
RETETIE T X W/NI NI EXREFE L L, 40pum DF— I 7oL RIGHELTn5 ¥ 25, i
FEREZWGET 572012, 40um OF—1LD Au i 1§l MEMS JITEE -+ v 3 %3G - 5EL 72,

(5] LDV (Laser Doppler Vibrometry)i:i< X 2HRERAIE DFHINC X . 5A(E L 7z F—3 4 X 40um
DO#EZET % Au #E 18l MEMS JIEE L v HICEWTT77=T v/ 4 X Byit., HECTH S
1.0ugNHz LAUTF @ 300ngNHz #3515 & & 23bho 7z,

[F ] Audil 1l MEMS NERE € v S DFEDF— VP[4 XL DT 57 =T ) 4 X By DERIC
DWTHEE L7z, F—H A X208 40um D Au $iE 18l MEMS JIEE 4~ H13 MEMS 7'8 & 2 DA
FVEFELDODOVA 71 g LVOBHDARER T NA AL E X B, LIzD3o T, h—AH A4 XL
7T =T v ) AR By & OBIREEIB L 7235%GHE MEMS 7’0k ZICHTH B 2 L 2R LT,

[E68E] A<9213 IST CREST (IPMICR21C5) DB %% F 7= % DTH 5,

[ZZTR] (11K Masu, eral, ECS Trans., vol. 97, pp. 91-108, 2020. [2]N. Yazdi, et al., Journal of systems., vol9, no4, pp.544-550, 2000. [3] B. E.

Boser, et al.,, IEEE J. Solid-State Circuits, vol. 31,1n0. 3, pp. 366-375, 1996. [4] K. Shibata, et al., I[EEE Sensors. J., vol.22,10.15, pp.544-550, 2022.

E 1.0 —e- B, (2.0x2.0mm?) 10

(a) Au perforated proof-mass (p)

Z - x1.5mm? —

Etching hall | spri i > \ S roosomall E

N Spring S = -& b(1.5x1.5mm?) 2

s ":EJ | L C o s 2

{, [T sz £ bovs | g

s Hihih“ E: w R o %

b S— i o 0 a N

~/ Substrate (Si) o 04! — = 10+
Fixed Electrode . ™ ' R LA Z [um] . '
Fig. 1. (a)Schematic diagram of MEMS accelerometer Fig. 2. Hole size dependence of the Brownian noise

with perforated proof-mass. (b)Conceptual Bx and damping coefficient b for a MEMS

diagram of proof mass with etching hall. accelerometer with constant proof-mass size.
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SRV I 7T ZBVWE3BETYVIEREIEEE > YD
REEKTERICDOVWTODRE
Investigation of Factors that Degrade the Sensitivity of three-axes Piezo-resistive Accelerometer
in Minimal-Fab Process

STRIVD 7 TS ¢, EE R ATAZERR 2, (#k)Hundred Semiconductors?
QuNGR ESRR T, BERE B, HR BEZ BA BAC, a8 F, R w23
MINIMAL?Y, AIST?, and Hundred?,
Hiroshige Kogayu!, Ryuhei Sekifuji, Hiroyuki Tanaka?, Fumito Imura?, Takashi Yajima?, and Shiro Hara® %3
E-mail: hiroshige-kogayu@minimalfab.com

[EE - B MEMS 7 A AZAO LMD &M, Fx NEALIZI=~ /L7 7 712 L WD I END,
WHIMDEEE OB EILIT MEMS T 3AADBFEHHED TE7[1]-[4], FLCTlE, Ry a7 mtRIcks
TR =y F o T H IR =~ L7 7 7 THRIR SN2 [5]D T, B IR E S 2B L T& -
[61-[9], ZHHORIEITINT, SHINEEE L VClik, x BT AL y @5 EIE 90 B RERSE 7= FRod T
KTHDHI, x Hil/y §ili 7 16 TR DRRE DN FHNRNEVIFREN S -T2, ZIUK LT = EF LD/
—VDAVINRINEHEE L, WEET TR0 TEIZ, T CTA RN T ERNE LML T 57280, /% —

YDAV mEREORBRRAE BT DI R AT, Fio, I P ER
BTz TULTTIR O IMIREHZ L DI LR A7 L% W K0
A CLAMIZREAG TE D HIEE R LT, AFe TIlEZE ORIENE soifg |
LREIR FERIC U CEBRE o T R B 5, BOXEA e
[YERY, SEM ] 3MEL 7= mt A ISR K51 BOX WL 5""5“’1"1‘ ﬁb E T,
IR Vi

H%%f}(]\‘y/\oL:LT'?::/\ﬁﬁﬁ)E)@I‘)?:\/ﬁko == 1. P
IANEREDED T F U T EATIRNVRET KT D e P
720 HED/IRE— AL PN ELHE PR
|l sV 5% 710/ B - W S - X: =4 DR AN VAL /=05 77/602 QRS
Do TR EIR F2R<EIK EE 2 AT 2
(R T IDNCEH A B XN T D LI F— %
FHUCGRIERAT o7, Bimig x HANZ+10um 7
HLIHIZRL TS (BITEMER OSVEL) , HEE)
AT Z DWW TR BT R T IO ITIR BN AL — T — : :
ZHWTHEL, gt gee Ui iR & L
YOI L PR RICRIELC 3 sininid g IR RN
YUY EEEL Ty Ty TR0, BIEIRT i
> 7V JAPEL 150Hz DIEFLEE A ST L T8 TN 2 OF : 8l
EELC, A v mAa—T 0 FRT #REZ I CL THIRD | 2L R -
IR EE 2O HMEIC KT 3 wihndE o x DA TEG
FaK Oy FIEOH ) EENDIRE 2R, e I i
[;ﬁg%&%g] 7GC%%®/Q§_:/XV%&EKE 5. AVEWHRE ot X TEG 3. BB osE
DEURZTT, Ty NIRLBEOBFHAL 1 m]EL Tey)=0,0), 10,0, N ld
(0,+5). (0,+10)D 4 FEIHDLDTHHHS, AL X4, 5ITRT 7= NIZ ~d
8 EFLE L7~ AL Bl 7 a2 TEG ORIET —F & HHELL T, MEMS
F T DT NNOALE TOAL B EMIEL ClaHEZ B> 72 AL & TH
By AL BN KELIRDITHE - TRSE MK T4 D[ THY, ZOHAE DK
FEIZALV & 1 pm 5729 0.0055mV/(VOIK FL, F-E' =V HioESIX
25 um CTHHIENHALH 25 pm TREIXIFIE B nLro72tE b
B, 2P UREDIES XTI, ZORXLBEOMIC, KA 2 ATIIROE
X(=SOl JBDOEX) Darva— )L ECi 172> TEY ., 7=/ NEND

SOl EESIESHSEH 1 DO R THS AHEMERH 5, i
<BEIER> K6 .BELZiMiEy F T v

X2 IR

BLA 7 7 MK

Rl

PANES

(1] s, 7277 y=0y, [R=< 77T OREEEDT (AT nk 0.18 P
2, IS FI#IEE, 83(5), 380 (2014), 016 5 e 2l

[2] 72T TeY=0y, RE AT T EBIBT S AT A AREFG, o1 | o © VHIAIF
IV =77 /mY—, Vol.23. No.12 (2014). — °

[3]Y. X. Liu et al., Jon. J. Appl. Phys. 57, 06HD03-1-6, 2018. g012

[4] Tuan Anh Phan, fti, %578 [RlS#5E KT T2 6p-C21-13(2017). S 01 o e

(5] MHR=s, fih, 55 79 [RGB A RFKR AR 2 21p-233-7(2018).  Eo.o8 °

(6] /ISR, A1, 57 68 [ PR A R AT 2 19p-224-5(2021).  # o

(7] /ISR, fi, 45 69 [BISM 2 ALk 24a-E102-6(2022). B  ~0.0055ks 01305

(8] /INBEIRK, ft, %5 83 [ISH ARk AT 20p-A406-13(2022). 0.04 y =R

(9] /INolsdikAk, fil, 55 70 RIS~ F FRRENGE S 15p-B410-2(2023). 0.02

HEE . T ORCRIT, ESIFSEB 8 IE NGB = 1L — - FERE BT A B s I 0 o)

5 (NEDO) D Bh a5 3 (JPNP12004) DfEFAF H 7= b DT, 0 10 15 20 25

5
BE®RRE/ B—2 XL BMEEHEum]
7. EBEONRE— X8 L EEORGR
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Visualization of strain distribution in MEMS resonators using stroboscopic

differential interference contrast microscopy

Inst. of Eng., Tokyo Univ. of Agri. & Techno. !, °Qian Liu', Mirai limori!, and Ya Zhang!
E-mail: zhangya@go.tuat.ac.jp

MEMS resonators are promising for sensing applications owing to their intrinsic high sensitivities. In
MEMS devices, piezoelectric or piezoresistive transducers are crucial for converting the mechanical
vibrations into electrical signals. Since the output signal is in proportional to the surface strain, it is highly
desirable to preciously characterize the surface strain distribution in MEMS devices. Currently, numerical
methods such as Finite Element Method are commonly used to analyze the strain distribution in MEMS
devices. However, owing to the small size of MEMS devices, experimental analysis of strain distribution
remains challenging.

In this work, we propose a novel surface strain analysis method for MEMS resonators using stroboscopic
differential interference contrast (DIC) microscopy. The stroboscopic DIC microscope visualizes the
mechanical vibrations of MEMS devices through the interference of two light beams reflected from the
sample surface with a small lateral shift [1]. With the DIC images, we can obtain the differential surface
deflection of MEMS resonators caused by the vibration motions. By further differentiating the result, we can

obtain the deflection induced strain (&) distribution of MEMS resonators, by

t d?z
&= :0 X ) (1)

We have performed the strain measurement for a GaAs doubly clamped MEMS beam resonator with a
geometry of 100(L)*x30(W)x1.2(f)um’, as shown in Fig. 1(a). The MEMS resonator is driven in its 1% bending
mode, with a resonance frequency of ~695 kHz. The measured surface strain distribution is shown in Fig.
1(b), as seen, surface strain distributes not only on the MEMS beam, but also on the over etching part,
indicating that the over etching effectively extends the vibration area, which must be considered in designing
the transducers. Fig. 1(c) plots the numerical result of the MEMS beam resonator for the 1% bending mode
by using a FEM tool (COMSOL). As seen, the experimental result shows reasonable agreement with the
numerical result, demonstrating the effectiveness of the stroboscopic DIC method for analyzing the surface
strain distributions of MEMS devices.

1
0
-1

FIG 1. (a) microscope image of a fabricated MEMS beam resonator, which has a geometry of 100 x30 x
1.2 um?®. (b). Calculated strain-displacement (&). The different direction is along the beam direction. (c).

The surface strain distribution of MEMS resonators was obtained through COMSOL Multiphysics
simulations.
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