2014 2015

Development of exciton laser with two-dimensional layered atomically thin films
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This research aims to develop high-efficiency laser diode with two-dimensional
layered atomically thin films. We intended to utilize emission from excitons bound to fixed charge at
film/insulator interface in order to realize high-efficiency light emission. Molybdenum disulfide, which
is the representative of two-dimensional layered transition metal dichalcogenides, was utilized in this
work. For the interface diagnostics, the electrical characterization was performed with fabricated
transistors. We observed strong light emission in photoluminescence measurements; however, we were not
able to clarify fixed charge at the interface. This is because our electrical characterization could not
distinguish the fixed charge at the interface with charged impurity in the material. For accomplishing
the objective of this work, the charged impurity in the material should be reduced in the future

projects.



(MX2)
(M) (X = S,Se,Te) MOSFET
MoS>

MoS: 1.1leV
GaN
40
MoS:
(2) MOSFET
SiO2/Si MoS:>
Ar
MOSFET
(S.Tongay et .
al., Scientific Reports 3, 2657(2013)) Ni/Au
high-k ALD
TaN
SF6
RIE
MOSFET

MoS: MOSFET

(3) MoS:2
MoS:>
MoS>
MoS>
MoS:2
MOSFET Q)
high-k MoS:
1)
285nm
SiO2 PL
ALD high-k
high-k
high-k Al,O3 HfO:
Al203:N  HfO2N 4 High-k
MoS; MOSFET

high-k (2) MOSFET



MOSFET
high-k

MOSFET

3 26 .cm?/Vs

®)

MoS>

O

(b
Vet wax = 17.4 cm?/Vs
T=300K

S
T

Effective Mobility (cm? Vs)

Effective Mobility (cm? Vs)

o

uei

(4)

(®)

MoS:

(6)

Peir. max = 2.8 cm/Vs
T=300K

10" 107 10'
Ng(em™)

(@ (b)

(1)

MoS: MOSFET

MoS;

MOSFET

N. Ninomiya, T. Mori, N. Uchida, E.
Watanabe, D. Tsuya, S. Moriyama, M. Tanaka,
and A. Ando, “ Fabrication of
high-k/metal-gate MoS,  field-effect
transistor by device isolation process
utilizing Ar plasma etching,” Japanese
Journal of Applied Physics 54, 046502
(2015)

DOI: 10.7567/JJAP_54.046502

T. Mori, N. Ninomiya, T. Kubo, N. Uchida,
E. Watanabe, D. Tsuya, S. Moriyama, M.
Tanaka, and A. Ando, " Characterization
of Effective Mobility and its Degradation
Mechanism in MoS, MOSFETs,” IEEE
Transactions on Nanotechnology 15 (2016)
DOI: 10.1109/TNANO.2016.2570280

N. Ninomiya, T. Mori, N. Uchida, E.
Watanabe, D. Tsuya, S. Moriyama, M. Tanaka,
and A. Ando, “ Investigation of Electrical
Characteristics on Top-gate MoS, MOSFETs
with high-k Al,0; dielectric,” 27th
International Microprocesses and
Nanotechnology Conference, 2014/11/04-07,
Fukuoka, Japan

) , “ HfO, MoS, FET
;) 2015 62

2015/03/11-14,

T. Mori, N. Ninomiya, T. Kubo, N. Uchida,
E. Watanabe, D. Tsuya, S. Moriyama, M.
Tanaka, and A. Ando, “ Characterization of
the effective mobility by split C-V
technique in MoS,  MOSFETs  with
high-k/metal gate,” 2015 IEEE
International Conference on
Nanotechnology, 2015/07/27-30, Rome,
Italy



, “ High-k/Metal

MoS2 MOSFET i
2015/06/19, ,
MOSFET  ,” 76
, 2015/09/13-16,
. MosS, K
167 , 2016/06/19,
", 2016 i
2016/11/29, ,
MOSFET f
, 2016
@

MORI, Takahiro

@
NINOMIYA, Naruki



