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Fabrication of current-injected circularly polarized light emitting devices with
near-infrared light emission based on electric-field-induced pn junctions

Yusuke, Hoshi
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In this study, current-injected light emitting devices with near-infrared
light emission was developed by using a local electric field control technique in heterostructures,
which consist of atomically thin layered materials. First, we developed a technique to form large
area molybdenum ditelluride (MoTe2), which acts as the active layer in the light emitting device, by

using several layer MoTe2 by chemical vapor deposition and single layer MoTe2 by the gold mediated

exfolilation. In addition, it has been shown that electroluminescent devices can be fabricated using
a local electric field control technique with MoTe2. This method was found to be effective for the
development of valley photonics devices using two dimensional materials.



EL 3
pn
EL
[1,2]
(TMD)
(1000-1650 nm )
EL
2H-MoTe2 Q) K K’
(2 3) 1150nm
[3] 2H-MoTe:
2H-MoTe2
2H-
MoTe2 hBN Q) @)
[4]
2H-MoTe2 hBN
PN EL
1-4 MoTe; hBN 3L MoTe.
Polydimethylsiloxane(PDMS) z
300nm SO h-BN Top /
s h-BN \\w// ’
1 5 1-BT ?
(5] N JmRN 170,
MoTe, 1. MoTex
Si
MoTe; PN MoTe,
(PL) [5.6]
PN
Si MoTe,
PN NP PP NN 2(a) 2(b)
b @ (b)
(PP Vs =-10V Vg 02F T = 10°F T =
=-3 V) |d-Vd 10
N (NN o1l ™.
Vs=10V Ve =3V) 2 NP =10
2 o0 e
,j ~F10
P -(J.lﬂN 4w
N 107
L0.2 I I | 4 107
PN (Vs =-10V Ve -2 -1 ., o 1 2
=3V) NP  (Vs=10V Vg =
=-3V) 2(a) 3L_MoTe, PN
(b) PN( ) NP(
) las-Vas



MoTe,

2(b) PN
la-Vd PN NP
028V -0.35V on/off 10
1.7 18 2 MoTe,
MoTe;
3 MoTe,
PN NP las = £0.6 pA 1.06 eV EL
EL 3@ 3(b) EL
3 MoTes PL
MoTe,
[7] EL PL
PN (@ (b)
f'? _I IXOI I _iPN _I
= T — NP
o | \‘Ag —PL |
PL )
g | ]
E
PL EL . £§
3(b) EL 09 10 11 12 13
PN 3 Photon energy (eV )
MoTe; EL 3(a) + 0.6y A EL
(PN : NP )y PL( )
PN (b) EL
3 MoTe
MoTe, EL
Si Ge
PN @ (b)
1 T T T T ] T T T _
PN NP o L e 12t ahadd
SEr @ ... 18- ‘AA A,
27 ® - = I
5[ 180 i
= - " = . -
EL -57 ® Va=-5[VI{3L Ve=10[V] 4
4@ EL m | 1B ,A .
las=-0.6uA  Vg= r® I I | [ A I I L
5V (P ) Vs = -10 ~ -10-5 0 5 10 15 B B i 6 of
15V (P—N) Vg =- Vi (V) Vg, (V)
10-2v Vs 4145=-06 p A EL €
EL MoTe, (b)
Var=-5V V=10V
Vs
PN PN
PN
EL 4(b)
Vs =10V (N ) Vor= -1~ -8V(N—P) EL
PN
MoTe, EL

PN

(8]

NP



PN

[1] Y.J. Zhang et al., Science 344, 725 (2014).

[2] W. Yang et al., Nano Lett. 16, 1560 (2016).

[3] N.R. Pradhan et a., ACS Nano 8, 5911 (2014).

[4] S. Hayashida et a., ACSAppl. Electron. Mater. 2, 2739 (2020).
[5] M. Yamamoto et al., ACS Nano 4, 3895 (2014).

[6] I.G. Lezamaet al., Nano Lett. 15, 2336 (2015).

[71J. Yang et d., ACS Nano 9, 6603 (2015).

[8] D.-H. Lien et al., Nano Lett. 15, 1356 (2015).

NP



1 1 0 1

Shuto Muranaka, Satoshi Nogamida, Kosuke O. Hara, Kentarou Sawano, Yusuke Hoshi 13

Tellurium nanosheets with structural anisotropy formed from defective MoTe2 multilayers 2023

AIP Advances 075219-1-5
DOI

10.1063/5.0155417

22 0 10
2H-MoTe2 FET

71
2024
Ar MoTe2

29
2024

MoTe2
84

2023




NaCl Mo03 MoTe2

84

2023

R. Yamamura, K. Watanabe, T. Taniguchi, Y. Hoshi

Crystal quality of MoTe2 monolayer fabricated by gold-mediated exfoliation and its electrical properties

2023 International Workshop on Dielectric Thin Films For Future Electron Devices - Science and Technology -

2023

S. Muranaka, S. Nogamida, K.O. Hara, K. Sawano, Y. Hoshi

Formation of a tellurium nanosheet with structural anisotropy by annealing defective MoTe2 multilayers

The 65th Fullerens-Nanotubes-Graphene General Symposium

2023

Y. Odagiri, K. Watanabe, T. Taniguchi, Y. Hoshi

Effect of thermal treatment on electrical properties of hBN-encapsulated MoTe2

European Materials Research Society 2022 Spring meeting

2022




C. Chiba, S. Sugawara, E. Kitayoshi, K. Watanabe, T. Taniguchi, K. Sawano, H. Fujita, Y. Hoshi

Piezoelectricity of the hBN/1L-MoS2 heterostructure membrane

2022 International Conference on Solid State Devices and Materials

2022

CVD MoTe2

84

2022

MoTe2

84

2022

Phase control in MoTe2 crystals by tellurization of thermally oxidized molybdenum thin films

41

2022




Mo03 Te MoTe2

70

2023

70

2023

Satoshi Nogamida, Shunya Hayashida, Kousuke O Hara, Kentarou Sawano, Yusuke Hoshi

Investigation of a defect-assisted-metal formed by annealing MoTe2 crystals with Ar ion implantation

European Materials Research Society 2021 Spring Meeting

2021

Yusuke Hoshi, Shunya Hayashida, Satoshi Nogamida, Kentarou Sawano, Kenji Watanabe, Takashi Taniguchi

Influences of thermal treatment on crystal quality of semiconducting MoTe2 monolayers encapsulated by hexagonal boron
nitrides

European Materials Research Society 2021 Spring Meeting

2021




Kairi Yamase, Shunya Hayashida, Kenji Watanabe, Takashi Taniguchi, Kentarou Sawano, Yusuke Hoshi

Electroluminescence from hBN-encapsulated bilayer MoTe2 by dual back-gate voltage modulation

Compound Semiconductor Week 2021

2021

Yuma Odagiri, Shunya Hayashida, Kenji Watanabe, Takashi Taniguchi, Yusuke Hoshi

Effects of hBN thickness on light outcoupling from hBN-encapsulated TMDC monolayers

2021 International Conference on Solid State Devices and Materials

2021

Kairi Yamase, Kenji Watanabe, Takashi Taniguchi, Yusuke Hoshi

Layer number dependence of electroluminescence from MoTe2 p-n junction formed by dual back-gate voltage modulation

Graphene week 2021

2021

Yusuke Hoshi, Yuma Odagiri, Shunya Hayashida, Kenji Watanabe, Takashi Taniguchi, Kentarou Sawano

Improvement of Electrical Properties in hBN-encapsulated MoTe2 Monolayers by Thermal Anneal

International symposium on novel materials and quantum technologies (ISNTT) 2021

2021




MoTe2 PN
82
2021
3 MoTe2 PN EL

69

2022

MoTe2/hBN

69

2022

(Ishikawa Ryousuke)

(50637064)

(32678)







