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B E R H T HBBER LA a7 A K (TMDs: Transition Metal Dichalcogenides) @ 1 -2 T % —fifbt
U 77 (MoSz: molybdenum disulfide) M, ZFkMLEWMEL R L, £/, BEEICE 530 Ry v 7l
RS, FIERERIC BT B S B EE (~ 380cm2Vist @ 0.65 nm) ZoRT%E, RFRMER - BAAEEAE TS 2
EMB . AR Human interface device A1 O -8k EHE L THEBZEDTND, 777 = VEOMOFERNE
WEEET HMEOBZE & [FERIC, MoS BEDHFFEIZI\N T, & O RRIEIIE FITHEIRT L R BEEA L F SR AR
F1% (CVD: Chemical Vapor Deposition) 28V BN TE 7z, Lo LS b, FIEEHE CTIEAHMPIE OREES 7o hiliE 23
U<, E. KRIEME ERE LW 20, EAMICEREEEEAWS Z L3 LYy, /-, CVDIETIE. 1F
BOTENT 7 AMEREEFERITS LT MoS il 24T 5 e, 7 7 A 7 EREFEOR T 71— LT MoS, I
EREK, Aoy FT— TR DHEEE L MAE DY, TEOERA~RET 5 Z SR FEI ThI 05, I
Z T, MoS2 BiT-izxt L CEBN =R ALXF—% 3252 bR &G, mNIFAO migration 235321 X 4
P BERESBBICHECEROIEND S, ZRODOZ END, CVDIETIHE L-step TT BN T 7 AMERRIFERMRK
e LTRSS — T 2 2 B LW EE X BRD, £ 2T, AFETIL, RFv 73 hr Ay XY
VWEIZER L, TENANT 7 AMRIERER L~ MoS: IR AR A To, AFIEX, RN S Si-LSI HAICHW B
TETEY, BORHPREREEEZE L, 7oz L oLTOREREE —RENAEETH Y . Ay 2RIk}
LTHoREEzR VX —2 52605 B0, ERNRFIETHD EWVWx 5, F£72, Human interface device
D1oE LT, KT A% (TFT: Thin Film Transistor) J&HAZMEE L. £ OIS 2452 MoS, k% 4
L, BREEOR R o, AT, LFO#@Y, &3 8 E TR L,

1 EE TR, ARIRSTOME LRI DV TRz,

2 O, AT R K OB OW TR,

H3FTTIE, TCAD VI = L—v g Y EHAWV, #E ST\ 5 MoS: MOSFET (& RRE LI B KB RS ~ 7
VURE) DYV NR=RET Y T EATD, )= VA TEMEICKE R v U TIREO BAEEERE L, Eik.
WERDT 4 AT LA AT (1 @ poly-Si, BR{bWHE(R) OBBIENF~—27I1I2L0 ., BEIEO BEMELHE
L7z, lbEZEL, KGR CTHIEL T 2EBEXREZRTE LT,

B4BETIE, ANy H U U TIEICE D Mo DRI A ATz, EDOFER, 7TENLV T 7 AR 112 MoS2
FRBEZ RGN L7z, RENC K 2R OfERHIENARECTH S Z & bl biviz, £72, ET— FAEE 10 nm
I, BRI LKL DImE T AICELT 5 Z &b ahotz, & 51T, BRIRHT O RrE I E RS
DT L= A7y bbb, EBRE - EEICAY Ry v THOENHIH ATV, 28 MoS KB\ T, 58
i/ 5~ 93 eV AR ZEALIC L A YEML S SEA L TV B EHERI S, 731 AR TEEEICANT T, B2 L&)
257 e AOBEBEEN RSN,

B 5 HETIX, THIRE T 7R A MoS: ilIEIZ G- 2 2842 EREMICER LTz, TO/RE. sub-nm A —%—o
T T RAN, MoS: FEOWHER « EXWIRHEICEEEE 525 2 LR yhoTz, Sub-nm A —F—0D T 7 xR %l
fbas¥sz icky, ExfHEOR EEX -7z,

%6 ETIL, FHREOIFAAIRIED MoS: iUIRIC 5 % 2 8% REABZ R LF—ZEEE LTHY., EE
BlCi#m L7z, THIREEAZRAT—Z28INSE52 L T, Ry 7 2 A KRS E, B8N L2 X o7,

BT ETIE, ARy H VU TEMHICER L, A8y R Ok - REILBORFEIZIBW T, Aoy Xk 1
(2% L4525 migration energy (22 Citaai 9™ 5 728, RF-power, % —7 » h-JEAREIEEE, SERE 2 2L S &,
WFRRY - BRI AT 2 LIk BT A—FZOEEILER ST,

H 8 ETIL, M KOS O F AP OV Tikam L 7=,

ARG TIE, A8y Z U U ZTIRICE D MoS lIEICER T L, F7-, 5 3 ECTRE L7 BEXRFED BAEM 2 i
L7z (BBENE : ~47 cm?Vist; ¢ U 7IRAEE : ~ 1.3 x10% cm?®), 513, MEAHKAT ISR T 28ULBIZ X 5
FEem e L L . TN R LB SN D,

i« FRSCEERIT, FISC 2000 F & E3C 300 35 % 1 HET ORI T 22, & L<ITTEL 800 #5% 1R L T 7280,
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Two-dimensional (2D) materials have attracted significant attention in view of their application in future
nanoelectronic devices. One such promising candidate is molybdenum disulfide (MoS;), which belongs to
the family of transition metal dichalcogenides (TMDs). MoS; has substantial potential such as flexibility,
transparency, band tuneability, and high mobility (~ 380 cm?V-1s) even in atomically thin regions, namely,
less than 1-nm-thick. As like other 2D materials research, the early studies of MoS; had mainly conducted
mechanical/chemical exfoliation and chemical vapor deposition (CVD) methods. However, the exfoliation
method has difficulty in the controlling the amount of impurities as well as the large-scale formation; these
are the prerequisite for the commercialization. Even by the CVD method, it seems difficult to realize the
one-step wafer-scale uniform formation of a MoS; film on amorphous insulating materials because of its
lack of kinetic energy of the in-plane migration on the substrate requires the precisely/adequately
controlled nucleation-center. In this context, the author, in this thesis, focuses on the application of radio
frequency (RF) magnetron sputtering method to form MoS;, which seems to meet the prerequisite for its
commercialization such as the controllability of the impurities, the wafer-size scalability, and the sufficient
kinetic energy of the sputtered atoms.

Multi-layered MoS; film was successfully formed on the amorphous insulating materials by the

sputtering method. It was found that the carrier density of sputter-deposited film was ~10* times smaller
than that of exfoliated one, this result can be attributed to the applying the LSI-compatible clean
technology. In addition, further enhancement of both crystallinity and electrical properties were achieved
by considering the interaction between the deposited MoS; films and the substrate surface from the
perspective of the roughness of the order of A and the surface free energy. Moreover, the consideration of
the sputtering conditions, including the surface diffusion and the transport processes of the sputtering
atoms, led to enhancing the migration energy, energy coherency, resulting in the improvement in both
crystallinity and the electrical properties. The inclusion of the considerations above enables us to realize the
carrier density of ~ 1.3 x 10 cm™ and the mobility of ~ 47 cm?V-1s?, which meet the requirements for
driving the 8k display with 120 fps, even with the as-sputtered-MoS; film.
This study succeeded to form a MoS; film by applying the sputtering method and achieved the sufficient
carrier density and mobility even with the as-sputtered film. The author believes this is the strong
indication of the massive potential of the sputter-deposited MoS; film for the realization of future human
interface devices.
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