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The Masao Horiba Awards were established in 2003 to highlight innovative work in analytical and measurement technolo-
gies. Elucidating the composition and properties of a substance leads to a deeper understanding about the influences of
various phenomena. Knowledge of the properties of a substance forms a basis for scientific discovery that enables scien-
tific understanding, technological advancement, and industrial development. Analytical and measurement technologies
are fundamental tools of scientific and technological exploration and innovation. I hope that the Masao Horiba Awards,
named after the founder of HORIBA, Ltd., will contribute to illuminating the achievements of researchers who are work-

ing hard in the field of analytical and measurement technologies, as well as the importance of these technologies.
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Thank you for joining us at the 2023 Masao Hori Prize Award Ceremony. This year, our focus was "Analytical &
Measurement Techniques for Advancing Next-Gen Semiconductor Devices." We received numerous innovative
applications from domestic and international researchers, demonstrating their enthusiasm for overcoming semicon-
ductor development challenges. Your presence today enhances the understanding and motivation for our awardees,
contributing to ongoing research progress. We appreciate the support from all involved in making this event a success
and wish everyone continued growth and success.
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2023 Masao Horiba Awards Ceremony Program

Date: Tuesday, October 18, 2023
Venue: Symposium Hall, International Science Innovation Building, Kyoto University (Yoshida Campus)

m Commemorative Seminar (14:30-16:30)

1. Opening remarks: Masayuki Adachi, Chief of the Organizing Committee for the 2023 Masao Horiba Awards

2. Winner presentations
[Masao Horiba Awards]
Dr. Ryota Ishii

Assistant Professor, Department of Electronic Science and Engineering, Kyoto University
Research theme: “Exploring spatially and temporally resolved deep-ultraviolet spectroscopy toward understanding

and controlling optoelectronic properties of ultrawide bandgap semiconductors”

Dr. Naresh Kumar
Senior Scientist, Department of Chemistry and Applied Biosciences, ETH Zurich

Research theme: “Nanoscale Chemical Characterization of Novel Semiconductor Materials using

Tip-Enhanced Optical Spectroscopy”

Dr. Ang-Yu Lu

PhD Student, Department of Electrical Engineering and Computer Science, Massachusetts Institute of Technology
Research theme: “Unraveling the Correlation between Raman and Photoluminescence in Monolayer MoS,

through Machine Learning Models”
[Honorable Mention]

Dr. Mitsuru Takenaka

Professor, School of Engineering, Department of Electrical Engineering and Information Systems The University of Tokyo

Research theme: “Electro-photonic Integrated Deep Learning Processor using Si Photonic Integrated Circuits”

Dr. Maki Kushimoto

Associate Professor/ Lecturer, Graduate School of Engineering, Nagoya University

Research theme: “Development of a compact deep-ultraviolet laser source for precision microstructure measurement”

< Break >

3. Special presentation: Hisashi Kanazashi, Ministry of Economy, Trade and Industry, Bureau of Commerce

and Information Policy, Director of Information Industry Division

< Coffee Break >

4. Poster session: Poster presentation on award-winning research

m Award Ceremony (16:30-17:30)

1. Introduction of award-winning research

2. Presentation ceremony
Screening Committee’s comments: Prof. Takao Someya, Chairperson, Screening Committee for the 2023
Masao Horiba Awards; The University of Tokyo

Presenter: Atsushi Horiba, Award Director of the Masao Horiba Awards
3. Introduction of guests
4. Closing remarks: Atsushi Horiba, Award Director of the Masao Horiba Awards

Masao Horiba Awards
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Analysis and measurement technologies that contribute to the realization of cutting-edge semiconductor devices.

WG RE ZEHE  Winner
A BK K Dr Ryota Ishii

FENERAENFIRR ARG AR B L B
Assistant Professor, Department of Electronic Science and Engineering,
Kyoto University
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Research theme  Exploring spatially and temporally resolved deep-ultraviolet spectroscopy toward understanding
and controlling optoelectronic properties of ultrawide bandgap semiconductors

WEZEMEEE  Research summary

WA BT NA 2R EL TRY AR vy 7 (£73 BT ARV RE 0y 7o) L8 kb BHZE H A E- T
W5, BYARF vy 7 HEELIZE AT EUR, Ga,0,(BRILH VT L), BITAIN(ZETAI=T L) ITfRESND
WD TRERNVRF oy 7 (B 26 3 2 BHEDOZETHY, TNHZ AWZIRENIER T N A R0
K R ST =T NAZDEBBFE SN TS, LPLRES, PIZIERET A RITEH T DL, BUA
Ry 7Bk 2 W IRENTER T S A ZADFER F 3D TIRW DB BUR TH 5. A IFIKIL. BT AR
XXV 7 BRI PIRDB RIEAR R THIZENZD—HER A SHITITHT AR vy 72 LEED I b7 « it
WA D1 D THBEREN T HHAMTH DR EATHDZEITE ALz, ZL T, FEPO(R T - BY) FIREN K
HROBRH I R R TEIME 3 IR EANEH A A BT 2 B 9 5T LT AIND kL - Hi 5 72 I3
IZHEBRIF THREZEL . AlGaN (BALT V=T AH VY L) fiG T NAE§ SR Farh LD JE &z T o7z, T
NOHDYT AR 0y 7 B IERE S Y ML LR SR SRE 22 18] 07 i 57 S IR S D BRI B § D WF 2R 4R OBT AR
Xy 7 FEENE T T A RHFEZ REINE T DI LB N D,

X1 NURF Xy 7 AT A SNEIRGEO T RAF = A URUIE DT L&, A2 A S TORDED RN T L EF— U RIAEF DR O T R F —7,
FEEOBLRRONE & PO LR YR,

X2 RIS T SR RESVEIRD N2 N T 57/ A R BREESMEII. PRAIEFITIK, — AR T BDERD T L —A3 iV il

X3 FENRHE TAAZBANSNICENTHL T, ENLEFSLDNe% M TED %~ TR,

K RERAIOTICHANT: PREEAMEIRD K2 AL AL THEROYERTZ 5 i 4 BT b DECANT . MR REASUCEDISNTKIET DA EIE T HIL T, MEORHECHIEZ B TE S,

X5 B SRS G AOND NREGDELDTL, HH) N TE MHORHE R B BSEL§ BT H D,

X6 TR R R 5 0 MRREZR BT SR MIPNT LD 0 R RED B2 8 2 T Vs i it & B4 3 T i

KT RS AR TR EEADH A LIREOTL, il FE, RS RE DT I F -2 TER ST, FEDT R F—IRIEEZ RO,
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Ultrawide bandgap (UWBG) semiconductors have attracted much attention as next-generation semiconducting materials because
of their extremely large bandgap. Diamond, gallium oxide (Ga,0,), and aluminum nitride (AIN) are typical examples of UWBG
semiconductors, and it is expected that efficient deep-ultraviolet light-emitting devices and ultra-low-loss/high-voltage power
devices will be realized using UWBG semiconductors.

However, the luminous efficiency of deep-ultraviolet light-emitting diodes based on UWBG semiconductors is currently very
low. Dr. Ishii attributed it to the incomplete understanding of UWBG semiconductor physics, and further focused on the immatu-
rity of deep-ultraviolet spectroscopy which is one of the analysis and measurement techniques for UWBG semiconductors. Dr.
Ishii has been investigating the optoelectronic properties of UWBG semiconductors by exploring spatially and temporally
resolved deep-ultraviolet spectroscopy. These include the development of a deep-ultraviolet spectroscopic system under pertur-
bation (uniaxial stress/electric) field and a deep-ultraviolet scanning near-field optical microscope operating at the world’s
shortest wavelength, the elucidation of the exciton fine structure of AIN, and the observation of a radiative recombination defect
in aluminum-gallium-nitride (AlGaN) quantum well structures. These studies should accelerate the development of UWBG
semiconductor devices and technologies.

¥ AR - 1RSI ISERFRDAR T % The organization and the title are those when awarded Masao Horiba Awards
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Analysis and measurement technologies that contribute to the realization of cutting-edge semiconductor devices.

PR E 2B Winner
F L3 2« 7<—)V K& Dr. Naresh Kumar
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Senior Scientist, Department of Chemistry and Applied Biosciences, ETH Zurich
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Research theme  Nanoscale Chemical Characterization of Novel Semiconductor Materials using Tip-Enhanced Optical Spectroscopy

WFZEESE  Research summary

U —NVIROBIZE. “RICEBB SR LA N7 F ARG E S (OPV) 25 34 2ENH2DD =38k 41k
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X1 CRICEBSBAA AN AT AR BB EIRICHK (BT TV BT AT Vg Ui B L« TANIRED AN JikH D%, —RITER RS2 RO LG,
X2 ATFEILE ) (OPV / Organic Photovoltaic): A7HE -5k R W TR R T RN F—2E AT RNF —ITE M DN

3 MoS,: EV7 7V (Mo) &hii s (S) »OR SN BIL &1, 1Bk IE ZRih, Jeom TR H MR HIEI VS5,

¥4 WSe,: &L T RT v (W)L v (Se) oS BIL &), - EEOHE 2 Rb. OB ORIV h s,

X5 Fu 7 Nl 5y Y6k (TEOS / Tip-enhanced Optical Spectroscopy) /N4> 7 WARIZ BV TROH BAE FZRIsR$ 2L TRWZER o i he SIS A S BT 5.
X6 NAY IR A T LR — L O2K T-ORFRIRAE ITHEDITHL . WAL, R FITEBIZHI 1 DD TE T-E I AR— AN OO KL F-OHARIRAE |,

X7 FAELTu—T 7 p—RBMEE RiiOTEN ERCBI A% IR TRIZE T DI DWAMEL.

X8 AR ARM: YRR R o b Bl i B &7 kith & Il TRl E 3 372D Hiff .

%9 STEOM (Simultaneous Topographical, Electrical, and Optical Microscopy):NRIZ 74— (KMiIBAR) . BAEE M, etk % RINHZTHEG 3 5720 DL Fik.

wt

Dr. Naresh Kumar’s research focuses on the nanoscale investigation of two classes of semiconductor materials: two-dimensional (2D)
transition metal dichalcogenides (TMDs) and organic photovoltaic (OPV) devices. In the study of 2D TMDs, Dr. Kumar utilized tip-en-
hanced optical spectroscopy (TEOS) to investigate excitonic processes in single-layer (1L) MoS2 and WSe2. Through hyperspectral tip
enhanced photoluminescence imaging, he demonstrated an unprecedented spatial resolution of 20 nm in mapping exciton and trion
populations in 1L MoS2. In the case of 1L WSe2, Dr. Kumar combined TEOS with Kelvin probe force microscopy to reveal the optoelec-
tronic behavior of grain boundaries (GBs) at a resolution of 50 nm. For OPV devices, Dr. Kumar introduced a novel methodology called
simultaneous topographical, electrical, and optical microscopy (STEOM) by combining TEOS with photoconductive-AFM (PC-AFM).
This innovative approach enabled the simultaneous characterization of topography, chemical composition, and photoelectrical properties
of an operational OPV device with sub-20 nm resolution. The significance of Dr. Kumar’s research lies in the advancements made in
nanoscale characterization and understanding of novel semiconductor materials. He has expanded the capabilities of TEOS by applying
it to 2D TMDs and OPV devices, surpassing the limitations of conventional techniques. His findings provide valuable insights into
excitonic processes, heterogeneity of exciton and trion populations, optoelectronic behavior of GBs, and the structure property relation-
ships in OPV devices. Dr. Kumar’s research on the development of novel nanoanalytical technologies is expected to contribute signifi-
cantly to the development and optimization of next-generation optoelectronic devices and organic photovoltaic technologies.

Masao Horiba Awards ¥ AR - 1RSI ISERFRDAR T % The organization and the title are those when awarded
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PhD Student, Department of Electrical Engineering and Computer Science,
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Unraveling the Correlation between Raman and Photoluminescence in Monolayer MoS, through
Machine Learning Models

Research theme

WFJ2HE%E  Research summary

FBE CFa—F T AR THIIRy BV R(PL) ¥ 2T 5 R ILEBRBBEXAINATFARZ., BHLA
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X2 TV W h ORE G T IERINL . ZOWERATONE AL T D814 . BELESNDNE KL B EL TR DR T 352 LA TE S,
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¥4 BTV =y T TRVIrEE L TRONET —AD5D, WHE KO RRDNETRONIZT IV ART M ER YEL T LTZLD,

%5 DenseNet: AR =a—FNRYIT—2, W§R/382— 2 DR FH T DTeDIIE SN D, BAABLIE, BHEND RTINS E— 2 il 20 Elnz L,

%6 SHAP(Shapley additive explanation) b2 E T N D TINTH3 DD G & I T2 F k.

%7 XGBoost(gradient-boosted trees model) : Al 7 — 27 12 7 EMHEN BFEDH T ATV R A,

X8 SVM(Support Vector Machine) : b8 7 LAY Lo SRR BYRARE DX AL NSNS,

=

(9]

Two-dimensional (2D) transition metal dichalcogenides (TMDCs)with intense and tunable photoluminescence (PL) have opened
up new opportunities for optoelectronic and photonic applications such as light-emitting diodes, photodetectors, and single-pho-
ton emitters. Among the standard characterization tools for 2D materials, Raman spectroscopy stands out as a fast and non-de-
structive technique capable of probing material crystallinities and perturbations, such as doping and strain. However, due to its
highly nonlinear nature, a comprehensive understanding of the correlation between PL and Raman spectra in monolayer MoS,
remains elusive.

In this work, Dr. Lu has systematically explored the connections between PL signatures and Raman modes, providing comprehen-
sive insights into the physical mechanisms correlating PL and Raman features. This analysis further disentangles the strain and
doping contributions from the Raman spectra through machine-learning models. First, he deployed a DenseNet to predict PL
maps using spatial Raman maps. Moreover, he applyed a gradient-boosted trees model (XGBoost) with Shapley additive explana-
tion (SHAP) to evaluate the impact of individual Raman features on PL features, allowing him to link the strain and doping of
monolayer MoS,. Lastly, Dr. Lu adopted a support vector machine (SVM) to project PL features onto Raman frequencies. This
work may serve as a methodology for applying machine learning in 2D material characterizations and providing the knowledge
for tuning and synthesizing 2D semiconductors for high-yield PL.

¥ AR - 1RSI ISERF R DAAR T % The organization and the title are those when awarded Masao Horiba Awards
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Analysis and measurement technologies that contribute to the realization of cutting-edge semiconductor devices.

KB 2EH¥F Honorable Mention

Prh 98 X Dr. Mitsuru Takenaka
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Professor, School of Engineering, Department of Electrical Engineering
and Information Systems, The University of Tokyo X R B S R S ONE T
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Research theme  Electro-photonic Integrated Deep Learning Processor using Si Photonic Integrated Circuits

WFZEESE  Research summary
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Prof. Takenaka has conducted pioneering research on the application of devices that integrate heterogeneous materials such as
compound semiconductors, phase-change materials, and two-dimensional materials into silicon photonic devices for deep
learning processors.

Deep learning processors utilizing reconfigurable silicon photonic circuits (programmable photonic circuits) are expected to be
capable of performing high-speed, low-power, and low-latency summation and multiplication operations, thereby improving the
performance of artificial intelligence (AI) regardless of semiconductor miniaturization. Research on this next-generation
computing technology is being conducted worldwide. However, in practical-scale programmable photonic circuits, precise
measurement and control of optical phase within the circuit and measurement techniques that can convert optical operation
results into low-power and high-speed photodetection are of utmost importance.

Prof. Takenaka has been challenging the precise measurement and control of optical phase and intensity within photonic circuits
by integrating compound semiconductors and phase-change materials into silicon photonic circuits. He is also engaged in
research to achieve a new programmable photonic circuit that allows learning acceleration through error backpropagation on the
optical circuit. These achievements are expected to greatly contribute to the early realization of deep learning processors using
silicon photonic circuits.

Masao Horiba Awards X AR - 1RSI ISERFRDAR T % The organization and the title are those when awarded
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Associate Professor/ Lecturer, Graduate School of Engineering,
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Research theme  Development of a compact deep-ultraviolet laser source for precision microstructure measurement

WEZEMEEE  Research summary
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In this study, Dr. Kushimoto has demonstrated a compact deep ultraviolet semiconductor laser that can be integrated into
high-resolution and high-precision measurement systems, supporting technological innovations in the semiconductor industry
where miniaturization is advancing. Furthermore, she has successfully achieved room temperature continuous wave lasing.
Laser light is used in non-contact and non-destructive optical analysis and measurement techniques. Laser light with shorter
wavelengths can detect finer structures, making short-wavelength laser light sources increasingly important. Semiconductor
lasers have been widely used as compact, high-efficiency, and low-cost light sources in inspection systems. However, there have
been many challenges in realizing semiconductor lasers that emit deep ultraviolet light.

Therefore, Dr. Kushimoto succeeded in realizing a deep ultraviolet semiconductor laser through the reduction of defect density
in AlGaN using single-crystal AIN substrates and the use of a conductivity control technique different from conventional
methods, involving pulse current injection. Furthermore, she constructed a measurement system for comprehensive evaluation
and revealed that the deterioration of device performance is primarily caused by defect formation. Dr. Kushimoto proposed a
method to suppress the concentration of shear stress through shape control of the laser crystal. As a result, she achieved a room
temperature continuous wave lasing that operates at one-tenth of the initial power. This achievement greatly contributes to the
practical application of deep ultraviolet semiconductor laser light sources.
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Special Lecture Recent Policy Trends Regarding Semiconductor and Digital Industry Strategy
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In our country, the need for a semiconductor and digital industry strategy is growing. When we look at the global situation,
changes in the security environment due to Russia's invasion of Ukraine, soaring energy prices, supply chain disruptions,
and more are occurring. Economic security risks are looming on the horizon, and digital technology has become a case in
point, demonstrating its direct relevance not only to business and people's daily lives but also to national survival. In
response to climate change, countries that set decarbonization goals are fiercely competing for investment while balancing
emission reduction and economic growth, a strategy known as GX. Furthermore, our country, along with others, is facing a
serious shortage of manpower due to an aging population. Digital technology is indispensable for addressing these challeng-
es as well. With this backdrop, it is believed that the era in which the utilization of digital technology remains a source of
competitiveness will continue. The evolution of technologies like semiconductors and information processing is also signifi-
cantly expanding. This presents an opportunity for our country's entire industry to achieve true digital transformation (DX)
and is an excellent opportunity for enhancing the competitiveness of manufacturing industries. Our ministry revised the
"Semiconductor and Digital Industry Strategy" compiled two years ago in June of this year. We aim to expand domestic
investments, accelerate innovation, and improve income levels. We want to capture changes in global trends and implement
appropriate policies at the right time in line with the direction our country aspires to.
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Joined the Ministry of International Trade and Industry in 1998. Served as a visiting researcher at Stanford University and
obtained an MBA from EDHEC Business School in France. From 2009, held various positions, including the Industrial
Revitalization Division in the Economic and Industrial Policy Bureau and Policy Planning Committee in the Minister's
Secretariat. From 2014, held positions as a planning officer at the Cabinet Secretariat's Comprehensive Office for the
Revitalization of Japan's Economy, Deputy Director of JETRO Los Angeles Office, Chief of the Industrial Creation Division
in the Economic and Industrial Policy Bureau, and Counselor in the Minister's Secretariat (responsible for information
industry and digital economic security). In July 2022, assumed the current position.
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Deputy Director, Device Technology Research Institute

National Institute of Advanced Industrial Science and Technology
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