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Creation of novel materials & devices with universal issues clarified
Project Outline for the 3rd Phase (FY2018-2021)

e Transfer of technologies to industry: novel semiconductors
for flat-panel displays and high-k dielectrics for power electronics
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® Nitrides, Sulfides. Hydrides ° No;oxide/(onitries I

e Publication of records on the concepts, approaches, materials ® Dirac electron systems o Hydrides
design methodologies, and achievements *
e Evolution to post TIES (NEW Element Strategy)

in the four of the focused areas as shown in the right figure
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® Hydrogens as functional elements . R:;uttes‘ N
Research Results (FY2019) i — ereres momenes
€ Novel Light Emitting Semiconductors & Devices
® Low-temperature and solution processed halide perovskite ® Red and blue PeLEDs also exhibit high performance
LEDs (PeLEDs) with ETL of a-Zn-Si-O (ZSO) emitted with wide color gamut to satisfy BT2020 standards.

green light (525 nm) with high brightness (~5 X 10° cd-m~2),

power-efficiency (33 Im-W-1), and narrow band (~15 nm) Elli 3 ./& 3 . e
® Potential solution to green-gap issues of GaN-based LEDs 8 ! \w Elrion
105 ———1500 Bl B | B
F —e—75ZSO /,/' | £ g | \ g
104k 37x10% sem™ j o :’\g sl 2 j E
& +7FZSO B J # 400 o 400 450 500 550 600 650 500 00 700  goo 300 400 500 600
g 103¢ 6:6x10°7 Som™! '/ /‘/ E Wavelength (nm) Wavelength (nm) Wavelength (nm)
3 /¥ S
S ;[ 1300 =
3 102[ VA = CIE 1913
% : 0/ / g . 520 W : CsCuyly
£ qorf / [l 200 3 ® One-step solution 08 bt
E ol synthesis based on  [UAREL ;e
100k # 5 T R 06 * :83:17
g / ! © dimensionally ®) e — a0 0500l
L ol aafee® | Cscude 9
L S A controlled OD Cs3Cuyls 3 = 041 .
H ‘; o— 037 g
Voltage (V) and 1D CsCu,l; gives 2 — 517 o
. i -
L/I-V of green PeLED with a-ZSO Flexible PeLED single-layer white-light- < e
. emitting films o o o2 os 9 o
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®Database of V, electronic states in oxides

® Comprehensive calculations based on automatic high-throughput
methods developed by the end of 2nd phase of the project.

® Completely original database found nowhere else.

® Oxides having hydrogen-like Vo states can be understood from o HHAN
trends of transition states and explored with machine learning. ' = I
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TF. Oba, et al., Ceramics Japan 54 (2019). Co||ect|on‘of bar;d a||gnment;
®Novel ternary nitride semiconductor with direct E,
Carbon heaterstoe| ring 2 Direc
® Novel material of red-light emitting wurtzite CaZn,N, was discovered | 2l Egom=,4 oV
by M.1. and high-pressure synthesis in the 2nd phase of the project. M i _
® In FY2019, rock-salt MgSnN, and CaSnN, were predicted and - VW %; -
synthesized by metathesis reaction under high pressure. ' Prasare : i o
e To be applied to green light-emitting devices (E,~2.4 eV). S g IS, BN, 0 S 20 28 so as
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®Novel functional hydride (hydride conductor) i N S o
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e Exploring chemical and electrical applications. R I TR I 17
Arrhenius plots of o5 s o o0
T K. Fukui, et al., Nat. Comms. 10, 2578 (2019). ion conductivity 107K
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@ Super high-speed electronics by single-molecule FETs IR T O

@ Stable nano-gap (a few nm) electrodes were developed.
® The nano-gap was connected by a single molecule.

® Single electron FET and resonant tunneling FET were
demonstrated by the single molecule FETs.

® To be applied to super high-speed electron devices.
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18S. J. Lee, et al., Appl. Phys. Exp. 12, 125007 (2019). Single molecule FET D/G voltage mapping of conductivity



