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AL TIE, AR Z VU TETT v IR = VK LT (LT Y 77 o (MoS) A VT, ~hy 77
— h M0oS2 nMISFETs 258l L7z, £/ 7 MEHUREE n B ) —< ) —F 7EEL FEFE LT,

ZWOUERE X, BRLEAFHNS TRIIOARTHEET 7B LT <, Inm T OSTE LEs0F
Y RALERTED, BICEBEREY A L2 RIMDOIZET % “kTBIRYWE MoS2 1%, >V a2 Tk
BEIEAMET LT LU E 5 EIEAEE T 200 cm?/V-s FRE O @\ WEBBNE 2R3 72, b, sERbIcE LT\ b
T, HAA TSR OREAE TR EIRE LZBHCHRELO B E Z T IZ W I EREBTH D, M2 T,
HET19eV, ZET1l2eV &7y Ry v 2R, RS EEREZFE L TND7D, loT, V=T
FINT A ZA~DIGH RGN TW D, FET ISHIZHENT 72 MoS: FEORREIL, KiEFERIEL BB 2 FIEL
NENTWRWZ EThHhDH, ZTHET, FEEE, (PR EIE(CVD) & A4 RS EIEMOCVYD) Mg X
THBER, WTFNL T I U ERBRCRFEOHENESIND, ZHDIERIT, MoS IZx LT =2 73R
FHIEEZ L, ﬂw VTR EZ BB S, BEEEOGIEICEEL 525, £2 T, KGX T, &E
ZE T C, KREFICHE e ER R EEe A% 2 U > 7k % MoSz FRFEIEICER A LT %

BT J%@Tzv F(ALO) RN AL AT 5 Z & T, MoS: IEDMIEEE TIRIEL | 70 & AMEE &S,
F v T A — VI MISFETs DFERUZREh Lic, —F T, /—~VU—FVEifELmnar 27 MEHIBFRESE LT
Holz, /J—<U—AFBEDEKE LTIA Ny Z MoSEDOE W U T L AlOs D 5\ & 7 BT
FE(Qf). MoS2/AlLOs M D @ A EEEMEEQu)NE X biLd, Elmna 7 MEFIORRKIZIZ, 247
MAEFCH D EALT # 2 (TIN)A, MoSz & A& b LIZ W, REICZERBTFEL TNDII ENEZLND,

IO, HETIH, ThOOREERRT 5700, MEMKT =—/ & ZEHEHRETY 77 U (MoSi)a v ¥ 7 MZ
AN EN %ﬂ%ﬂji/\'(b\é ARy H MoS JEDO BN ¢ U 7 EEE OFIAIL, B yiﬁf?‘@‘é@m%ﬁﬁf&)é
U X ARIEE A FEEXPS)IC & o TA /Ry & MoSz EDFLALEL(S/Mo) 28 1.76 FRE L | HRAEECTH S 20 LV b
INENWZ EMNBHA L, ZOXKEOT R —IENIIEER TN S 0.3 eV LOEEL T2 &b, nfl
DR=NUPMELUTHERAL, $x UV THEEAHENSEDS ZENBESNS, 22T, A%y ¥ MoS: [ & iR
ZERRCIENT % = & T, BidsiE 21T 5 SR 7 = — LA A UT-, (5. E R 2 304 L 7- 5 5. 700°C.
100Pa TT =—/AFTHI & T, ANy ¥ MO DX U 7H# % 3.6 x 10 cm3 725 1.8 x 10 ecm® & TR 2
ZEER—NVIEENSHERE LTz, XPS O T =— A% OMBE Y 2.0 ISEVMEZ R L2729, FEmsE T
bz EfEimoOT 7z, MoSip 2% 7 M, %7 MMEHANZ S Mo i & it 25 2 & T, MoS: [l EE D&4:
fbzfgdE L, a7 MREiZ FIF5Z L 20T b, 700°C T 4 — IV T HA(FG)T =— V%179 Z & T,
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A ADarH 7 NPT 10° Ohm-cm2 F2E TH 5,

FOSE T, M, HEOHMIIMA T, T3 AEKFZIZ FGHAT =— /a2 H AL, koY :V(SiN)é”@JJ
BEARFEIL L L CHOWE 1 BHERFREGE 2B AT 5 2 L T Qe QuiKiEZ X - 7=, fEH & L Tl DI
25x25cm?2 OF v 7 LT —~< U —FT7EHET D MISFETs D EFRIZ KT LT, Off EFE S 107 pAlum &/ é <
MoSiz > % 7 MZ XD 1e-Vas FRE DU E LR Lz, —J T, on &\ /X <, onfoff bh7s 100 2, BEIEN
0.12 cm?/V-s & SEATWFRIZHER T/NEWZ ENFEE LT -T2, /DS W on BIEDJRIAIL, A /Xy Z MoSz D /]
EWT LA I A XNREZBND, CVDIETREIE L7 MoS2BED 7 LA ¥ AR 10 um BRETH D DI L,
ARy H MoS I3 10 nm TH 5, /W LA oA X3, Fx VT OBELER ERAT2D, LA AKX
OHERKNEETH Y, BRICBIET 2R FEEGEI RO NS, £/2, FGT =— k> T/ —~ VU —F7#)
EEFEELIE—HT, R rRAarvF 72 A@gm)DALbiERENTZ, ZAUX, FGT7T=—ZX>T, Frx
& UTHET 2R L2720 Th D, F ¥ FAFEBIE, BUTMBAHETME D bEVWREFEThHo72D)
BT OE RN ZEA & 720, gn DHILICO R o=tEZ BN D,

ARFGEIL, A/%> & MoS2 nMISFETs O F v 7 XEFRUICK T 2T mE 226 L, ZORMENED E
B Llz, RUF~—7OfER, by 77— ME&EN> /) —~ U —F7EEE H > MoS-nMISFETs X R Tl T
DOHFEBITH Y, MoS2-FET DIATHFZEIILHL L, F&HTD Si FINFET L0 b/ S\ off B &2 F52 2 & 2VHIBF L7z,
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Thesis Summary (approx.300 English Words )

In this thesis, normally-off sputtered molybdenum disulfide (MoS;) nMISFETs with a top gate configuration are
demonstrated with chip level integration process. A MoS; film, one of the transition-metal di-chalcogenide
(TMDC), exhibits high mobility of approximately 200 cm?/V-s in an extremely small thickness of 0.65 nm. The
MoS; film has flexibility and transparency, and it is expected to be applied for Internet of Things (loT) and
wearable electronics. The MoS, thin films have largely relied on the mechanical exfoliation method, chemical
vapor deposition (CVD) and Metal Organic CVD methods. However, the contamination of alkali metal or
carbon is concerned. Therefore, radiofrequency-magnetron sputtering is selected for MoS; thin and large film. A
passivation film for MoS; film as the sidewall realizes a test elementary group of MISFETSs on a chip whose area
is 2.5 x 2.5 cm?, However, high contact resistance and normally-on operation are a challenge. Hence, a MoSi;
contact is introduced and reduces the contact resistance down to 2.6 x 102 Ohm-cm?. The causes of normally-on
operation are 1) high carrier density of sputtered MoS; film due to sulfur vacancies, 2) residual photo resist and
3) high interface trap density (Qi)) between MoS; and aluminum oxide (AlO3) films and positive fixed charge
(Qr) of Al,O3 film. Sulfur powder annealing (SPA) compensates for sulfur vacancies and reduces the carrier
density down to 1.8 x 10 c¢cm?. Piranha cleaning removes the photo resist. A forming gas (F.G.) annealing
further reduces Qi and Qf, simultaneously. As a result, normally-off sputtered MoS,; nMISFETSs is achieved.
Although F.G. annealing decreases transconductance due to the increase in the effective channel length and on
current is needed to be increased by controlling the number of nucleation site during sputtering, the low off
current of 10%~107 pA/um is successfully observed and compatible with previous reports. This is the first report
showing the normally-off operation with top-gate, which would realize the integrated circuits having low energy

consumption using TMDC in the future. (323 words)
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