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KL TlE, A& MEMS &2/ Mg E DS EFIbT 2 2 &2 HiZ, MEMS &
LSI % / Vv 7 #Hik & FH4 2 Hi# MEMS 7 ot 2 5l 4 Bi% L, MEMS & CMOS LSI
EEMBL LIRS o ORIEIC L FEGE LIRERZ R D,

MEMS HAfic X W SN o idtix e v AT L ERELT 28 TH Y, B b ik
N - BEREER LR STV b, Z07-®IZiE MEMS & fial#go LSI Z€ /Y
Ty 7R L, MU SN EORICERBEC A RRICER T 5 Z L TH D, MEMS
LS &%/ Yy 7 &MY 5I2iE, MEMS & LSI 0% 7 ut ZA0EEIC L WHAIZE 2 5
WEBZIHT L EAKETHD, Tbb, LSI 2Bk L72%IC MEMS ##£/8i1{t4 554,
MEMS % J5% 9 % 48O pRISIR 2 S l4E & W > 72 MEMS 7 1% 278 LST 52 5 8 2K
T 52 ENVATHD, SHIZ, MEMS & LSI 288152 L0 b, SBREDTHIERED
MEMS (TR S L2 E 1M &, TR & O8K TR S D EEMED M 5 2 [FRF N 729 2
ERMETHD, ZOLIREFREOL L, AL TIE MEMS & CMOS LSI O£/ b a2 85 %
Briz7pd7ik & U ChlAE MEMS 7' 1 & A 242453 %, Blft MEMS 7' =& 2%, LSI i~ =
T AL EMEEETOMELE 7 e AT MEMS 2T 27 ntATHY, LSI ~FEE 52
2 MEMS & CMOS LSI ##fibTx 5, A7 rERICLY, K<HOWLRTWAHERER
MEMS t & LSI #8/Mb 72 2 & /N ERSE L SFERIC e GEEEZ R T80 %
FHTE D,

%1 ® T, Bk MEMS & LST #8813 2 5l & BEEIC DWW T L, 2 08 % Rk
THEOORE L L TEAR MEMS 7 o+ 2o A2 R LT,

W2HETE, AT AT U H L FZ T AT v YA K& MEMS O L7 5#iE R E LT
MW, LSI Bl 7 ot 2 & B2 A9 5050 7 0 204 % A0 SR8 MEMS 7 o & 25l
2L Y, MEMS #& 2 ATRECTH D Z & &R Lz, £7, LSI AR r e ATHEHATRETH D,
73> MEMS #IERICNEEE SN OEBAEEZ AT MBI E LTH I AT U BRXOX VT AT
VUM A REERL-, 2L T, LSI i7" ot A THEHRERKE Y 2 2D AT MEMS
BEFETFEEKL, MEIZELY MEMS #&E08 AR L, REENSETHZ L 2R L,

% 3 T, Flf MEMS 7' 1t 212 X W #kfE L7z MEMS OE#EMEZ B L, FEH E+5570E
HEMEEA LD &R L, MEMS & LSI 288t L= ik, LSI THWLRTW
DA 2, MEMS #i&EDOHLRR & 72 5 & @ riittEds L O, Rk KV 7 B[R L&
72 BIS B H ST A EFEEORFBLETH S, 2T, XV ITATUVBLOY VT AT
U YA FEEEZ W MEMS BREETZ2HWT, ZhbOEEMEEZRE L, &S mEix




FE N X D40 I LENMERBRIC X 0 5 L, 5000 IR OME v I LEMER b REAS TS, 3
%L+A@m$%ﬁbfwé EEMER LT, SDIT, PEESEFICEWTRESH A3 5
BRHERE L THOYOBNTWD T U a2z MEMS £miZ 150 nm ML EOE S CRfflEd 5 =
T, PaREEMEEEOND Z EER LI, ZoMER, EiEmERRE X OBERRBRE b
R T, ER R+ RMEEEEZ T2 2 L amR LT,

W4 =T, B MEMS Yot 22k 5 MEMS & LSI 0£fibafeTHh 5 = L%, MEMS
& CMOSLSI & / U v 7 #f{k Lz MEMS £ /1% v ¥ 2 EIC X W EFEL, VRS E L
EBARESR AR L, B MEMS Yot 22k, 37 L IEMEO CMOS LSI & #E

REXMEMS EHE oY 2EM8(LT 57 270 —%2M5 1L, 0.35 pm /L—/LD}EK T 7
Y CRIELTZ, BHELIZ MEMS JE/iE 31X, 7 Rr 2 - 7YX VREIEE 0.72 mm2 (24
T L 7- HEREBERR &, BRERERR OREREICIN 2, 1EE & o B L ORI a 2 F » 7 HEfE 3.23 mm?2
[CHERE L SRR D 2 FETH Y, Bift MEMS 7ot 22k 0 & o4/ Vi, BEReERSL
RETH D, RMELTZ MEMS [ENE &30 L7oRER, 72— D) 0.01%FEE O 4y fifhe
THETE D Z L 2R Lic, ZO0fFEIE, WEAEICHIET S L8 30 aF, LHEMOEE
BICHE T2 249 0.005 nm ([ZFH% T 2550 THY, MEMS & CMOS LSI #88ibd 252 LI
L #HEREXE YT, BB FIEET 5 0.01 % 7 VA — IV OREE % FEBLARETH
%o
95 HCIE, ARBFEARIE L, fmma ik,
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MEMS sensors are required to have small size and high accuracy for new advanced
applications. For that purpose, various attempts have been made to monolithically integrated
MEMS with LSI. In order to integrate, it is necessary to suppress mutual influence by
difference between each process of MEMS and LSI. Furthermore, it is necessary to
simultaneously satisfy both reliability required for MEMS such as metal fatigue resistance
and reliability required for semiconductors such as moisture resistance. In this thesis, it is
proposed that a new approach of integrating capacitive MEMS sensors with LSI. Then, it is
possible to realize a sensor which is compact, highly accurate and has sufficient reliability for
practical use.

In chapter 1, problems of technology to integrating MEMS with LSI and purpose of this
thesis were described.

In chapter 2, back-end-of-line (BEOL) MEMS processes were proposed as a new approach to
integrate MEMS and LSI. Tungsten or tungsten silicide are used as main structures of
MEMS in this processes. And it was shown that MEMS capacitors can be formed only by
these materials and low temperature processes usable in LSI BEOL. The capacitance value of
the MEMS capacitors was changed by deformed with pressurization.

In chapter 3, it was shown that the MEMS capacitors have sufficient reliability. The
characteristics of the MEMS capacitors did not change after repeating operation test of 50
million times. Furthermore, the characteristics of the MEMS capacitors formed a silicon
nitride film with a thickness of 150 nm or more on the surface did not change after the high
temperature and high humidity test and thermal shock test.

In chapter 4, a CMOS-LSI-integrated capacitive pressure-sensor was fabricated with a chip
size of 0.72 mm2 using the BEOL MEMS processes. The pressure sensor has high accuracy
comparable to a resonator-type pressure sensor.

In chapter 5, the conclusions are summarized and the possible future studies are also

indicated.
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