
 Search for new semiconductors for next-generation nanoelectronics and nanophotonics
 Attention to TMDCs of 2D layered materials having only 3 atomic thickness
 Flexible solar cells, transparent displays, and low-power consumption transistors etc.

 Developing MOCVD growth of TMDCs, which is superior in uniformity and scalability
 Fabricating in-plane and/or out-of plane heterojunctions, and finally quantum dots
 Searching for novel functional properties and application to devices
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MOCVD of Transition Metal Dichalcogenides

 MOSFET and TFET of low-power consumption
 Applications to flexible solar cells and LEDs
 Novel optical devices using giant excitonic effects

We have developed a scalable MOCVD technique for growing TMDC monolayers. We can employ the
gas-phase precursors as starting materials, and supply these sources to the reaction zone in chamber
through gas-switching valves. Wide range of process conditions, such as growth temperatures,
pressures, and the kind of carrier gases, are available in this CVD technique. We have successfully
grown continuous film of monolayer MoS2 with excellent crystalline quality over a 2-inch SiO2
substrate by controlling the nucleation step.

 Establishing growth of several TMDC monolayers
 Realizing van der Waals heterostructures
 Developing doping method and device processing

 The 77th JSAP Autumn Meeting (September, 2016)
 ICMOVPE-XIX (June, 2018)
 The 79th JSAP Autumn Meeting (September, 2018)

Fig.1  SEM images of MoS2 monolayers on SiO2 substrates:
(a) continuous film and (b) growth nuclei

Fig.2  PL and polarized Raman spectra 
from MoS2 monolayer

300 400 500

500 550 600 650 700 750

Raman shift (cm−1)

19.3 cm−1 Z(XX)Z

Z(XY)Z

300 K

Wavelength (nm)

In
te

ns
ity

 (a
. u

.) A1gE1
2g

SiMoS2

MoS2 PL

Raman

Photo

Monolayer growth of transition-metal 
dichalcogenides
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 Monolayer transition-metal dichalcogenide (TMDs), such as MoS2 and WS2, have 
attracted considerable interest because of their unique properties. 

 The development of the growth technique is required for large scale synthesis of 
TMDs films with monolayer precision.

 Growth of high-quality monolayer MoSe2 film using molecular-beam epitaxy (MBE).
 Understanding of the passivation mechanism induced by the Se treatment on the 

GaAs surface.
 Detailed understanding of surface and interface processes in van der Waals epitaxy.

 A. Ohtake and Y. Sakuma, Crystal Growth & Design 17, 363 (2017).
 A. Ohtake, S. Goto, and J. Nakamura, Scientific Reports 8, 1220 (2018).

 We proposed a new structure model for the Se-
treated GaAs(111)B surface.

 Detailed growth mechanism in van der Waals 
epitaxy of MoSe2 on Se-GaAs(111)B was proposed.

 For the application in optical devices, we will 
continue the effort to grow high-quality TMD 
films in a scalable manner.

STM image of the Se-treated 
GaAs(111)B surface (a and b). (c) 
Simulated image.

STM image of monolayer 
MoSe2 grown on the Se-
treated GaAs(111)B surface.

Schematic of monolayer 
MoSe2 on the Se-treated 
GaAs(111)B substrate.

The Se/As-terminated 
model.

RHEED rocking curve 
measured from the Se-treated 
GaAs(111)B surface..
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