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Plasma Science Roadmap 2050 Abstract
(December 15, 2024)
Plasma Science Roadmap 2050 Committee,

Plasma Electronics Division, Japan Society of Applied Physics

The United Nations has outlined 17 global development goals, known as the Sustainable Development
Goals (SDGs), to achieve the prosperous and sustainable future society that humanity aspires to. In line
with these goals, the Japanese government has proposed "Society 5.0", a concept for a future society aiming
to realize both economic development and solutions to social issues through the full utilization of innovative
technologies such as artificial intelligence (Al) and the Internet of Things (IoTs). This roadmap outlines
backcasted research and development items in plasma science necessary to create the innovative and
essential technologies required for Society 5.0, which is envisioned to be realized in the 2050s. The roadmap

is detailed below.

Micro/Nano Manufacturing Technology

By the mid-2030s, we will achieve atomic-level processing precision and damage-free manufacturing.
This high-precision processing technology will then be applied to new materials (e.g., Ge, two dimensional
(2D) materials, and oxide semiconductors) and new structures (e.g., backside wiring, three dimensional
(3D) stacking, and heterojunctions) to create ultra-low-power semiconductor devices that will serve as a
foundation for Society 5.0. In addition, carbon-neutral processing technology will be realized by employing

renewable energy for plasma generation and optimizing the power consumption for plasma generation.

Film Formation and Material Synthesis Technology
Plasma-based film formation and material synthesis technologies will focus on achieving high-speed
atomic arrangement control, the pinnacle of precision. These advancements will enable a diverse array of
innovative technologies integral to Society 5.0, including:
* Large-area single-crystal diamond wafers for ultra-high-efficiency power devices, supporting carbon
neutrality.
* Quantum computing devices to enable advanced information processing.
* Functional diamond-like carbon for artificial organs, promoting well-being.

* Functional composite nanomaterials for applications spanning energy to medicine.

Resource-Saving and Low-Carbon Technologies

By the late 2030s, we aim to achieve methanation for CO> recycling and reuse of methane through
thermal decomposition. These developments will also facilitate the production of sustainable aviation fuel,
a critical component of the aviation sector in Society 5.0. High efficiency, long-life all-solid-state lithium-
ion batteries will be realized through plasma material processing around the same time. Building on these
advancements, lithium-air batteries will be introduced as a pivotal energy storage solution for Society 5.0.
For catalysts, essential to CO; recycling and battery technologies, plasma material processing will enable
the development of high-efficiency catalysts devoid of precious metals. This technology will further support
the establishment of ammonia synthesis surpassing the efficiency of the Haber Bosch process by the 2050s.
In addition, on-site, on-demand synthesis of various nitrogen compounds will be achieved using only air,

water, and renewable energy sources.



Biotechnology

The development of plasma technology for food production and healthcare is anticipated. Deepening
the understanding of plasma agriculture will revitalize cultivation and breeding practices, improve marine
and soil environments, and enable the cultivation and breeding of functional products in terrestrial
agriculture, forestry, and fisheries. This will ensure sustainability within Society 5.0, as well as in extreme
environments, such as space and deep sea. Plasma sterilization technology is being developed to maintain
food freshness, thereby addressing the issue of food waste. In the plasma cell engineering, development of
gene transfer and other techniques will lead to the creation of designer cells with engineered functions and
regenerative capabilities. Plasma medical technology, currently in the preclinical testing stage, will be
implemented in society after clinical testing and safety verification under the Pharmaceuticals and Medical
Devices Agency (PMDA). Plasma biomedical technology, which integrates clinical and preventive

technologies, will emerge as an innovative technology supporting well-being within Society 5.0.

Space and Propulsion Technology

Society 5.0, which relies on global and space-scale information networks, will necessitate
groundbreaking innovations on Earth and in space exploration. Plasma technology, already proven in
propulsion systems such as Hayabusa’s ion engines, will play a pivotal role. Thrust capabilities will advance
from the millinewton scale to the newton scale, achieving up to 100 newtons by 2050. In the latter half of
the 2030s, the deployment of all-electric satellites with plasma propulsion systems—eliminating the need
for chemical fuels—will become a reality. These satellites will form essential constellations for Society 5.0.
Subsequent innovations, including space debris removal and the development of low-cost, large-scale
material transportation, will facilitate broader access to space. These advancements will extend Society 5.0
beyond Earth, enabling its realization on space stations, the moon, and eventually Mars. This integration of
plasma technology into space exploration will ensure sustainable and efficient resource use in the expanding

frontiers of human activity.

Basic Science

In plasma science, we will deepen our understanding of plasma behavior and refine theories of its
control to develop the innovative technologies that underpin Society 5.0.

In top-down processes, such as microfabrication and biotechnology, we aim to uncover principles for
controlling the spatial and energy distribution of reactive species. This will enable the selective irradiation
of energy-controlled single active species, deposition and etching of monoatomic layers at practical reaction
rates, and precise manipulation of biomolecules.

In bottom-up processes, such as film formation and material synthesis on solid surfaces, we will achieve
self-organized growth—a critical component for practical atomic arrangement control—by advancing its
speed and minimizing defects. This will be facilitated by establishing principles to control the reaction
fields of self-assembly, supported by research into rate-limiting mechanisms and the transport of active
species derived from top-down processes.

For molecular conversion processes like methanation (a gas-phase bottom-up process), we will achieve
targeted molecular conversion by leveraging the control of spatial and energy distribution of active species.
This will enable the generation of specific excited states with high efficiency, driven by insights from top-

down process research.



To support these advancements, we will prioritize measurement and simulation technologies, as
accurate control and processing depend on precise measurements. Our goals for atomic-scale production
processes include:

* Achieving measurement precision at the limits of the uncertainty principle.

* Developing principles for disturbance-free measurement that does not affect the reaction field.

* Combining measurement with reaction control.

* Enabling instantaneous and simultaneous measurement across the entire reaction field.

* Measuring reactions of nanostructures, conducting in-situ device characterization during processes,

operando measurement, and predictive measurement integrated with simulation.

In the area of simulation, we will improve the accuracy of existing models and develop methods for
high-performance computing across multiple scales. This will involve collecting highly accurate data on
electronic and photoexcitation cross sections, reaction probabilities of previously unexplored atoms and
molecules, and elementary processes in surface reactions. In addition, we will establish accessible databases
for this critical information. To address gaps in understanding excited-state active species and active surface
reactions, we will advance data collection and establish modeling and simulation techniques for these
phenomena.

The principles of reaction control derived from these basic research efforts will be integrated into
practical production technologies. By utilizing advanced monitoring and simulation tools, we will improve
productivity and controllability through real-time feedback mechanisms. The resulting production systems
will prioritize high precision, large-scale applicability, stability, and productivity, ensuring they align with

the demands of Society 5.0.
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BREZFE: AH* = 48.4 kJ/mol, AS* = -153.9 J/k-mol

BISIRRE h-CH,* + H,0(g)
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A AL LTS 2 ARG 593 B O B B A3 15
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AHF321%, JST CREST (JPMJCR19R3) Bk
OFRMFE (24K17036, 24H00199) O Z$E%E 51T
TiThir-.
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4 51% 0.1~3 Torr OHEFEK TOIKIR T Z
A= 7 n AT K 50T SR O E 2
EHERE L T B [1-6]. EFEEIRIR 7 7 X~ O%F
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—%, He AN XY o 7TlX 1 Rz /U
A XY — R~ EEEIRELSE L. 22 TY
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image

b SiSn(6at%) target (z = 20 mm)
Ar gas 100 mTorr He gas 100 mTorr
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image

Cross-
sectional
image

X2 Si /&R SEM 5E([1].



SiSn(6at%) target (z = 20 mm)
a He gas 100 mTorr

b He gas 300 mTorr
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0.3 Torr DT 7 T A ¥ —EbEE— 27 23]
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JUA Y =%, Fidp-Sn ET7ENLT 7 A Si D=
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605 nm)IZENZENRIELTWD. 7T T7HD
0.01-C 22 EOEILAMERBROBROKNE S &
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72 <K 54 VA 7 VFEE BV IRLIZ. 2
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BEAFD T — 5%@ﬂ%@7727ﬂ%ﬂ%m®m
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HEND T, 77 AL EICB T 5
D =—ARLHEY 5% (domain knowledge) (ZF:D
<, T RASHENS T — X BB FE~OER D
WFEL TR, ZOHEHIESW =T a s T L
KTHoT,

ICDDPS 1%, #H—El=i#0s, 2018 4£ 7 A 11-13

HiZA XY xo>5—7j<%f“?ﬂ%4§één %2 EE
2, 201945 A 13 17T HIZZ TV ADT T A -
A KT S L, BlEkEE 2020 4R

HIZHARTHETETH - 725 3 EIEHEN.
B AR TCHE & 7R 0 | KL LT, TE1

pan {

online =i
D 20214 3 H 29 H-4 H 2 BIZHAE L CBH
STz, 4 laaEglE, 202344 A 17 HD
21 HIZ @ﬁﬂ%&mk%hﬁ%(omﬂ‘f%
STz, FH L, % ICDDPS OAIRE D 5
5L, %ﬁﬂ2MSﬁ_5#E%ﬁ_%@¢
%D % R CE Iz, ITHFEOF RN ORI R
X0, FT—EWET T XN, S%OT T X
~BFORBIZHLERA R 2R T L LTES
T 5 2 EIXHEEV RV, FRIZ, 2 [E ICDDPS @

-
—

R AT, %%75‘3%5{%%%& LT, Z¥DHEM
FOFEIZ LB, 90 N—VLC&/S‘; review Fii 3
vE L ?53)71[1] Gk . BE, 2O OME—

BHLRHGR L CTH Y | RS %@%E T B
@a%péji WZiE, —ir BT 5,
R[], 2 6 [a] ICDDPS 13,2025 4 8 H 4-8 H,
Santa Fe [IZB W TR SN,
BEIR
[1] R. Anirudh, et al., IEEE Tran. Plasma Sci.,
51 (7) 1750-1838 (2023
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12th International Workshop on Microplasmas (IWM-12)
KBRAIKFE BHEE 3L

202446 3 A~T7 HIZ T
12th International Workshop on Microplasmas
(IWM-12, Chair Rémi Dussart, Univ. Orléans)
MBS, T ORHIT, AL ORER)
DIERRFFEFEIAITE [ 77 XA~ 2 iz
7 v OGS ORI &SR (B~ A 7 07T <) |
OBEERNC~A 7 7T A~ & T —~<IC LTH
ff¢ S 4172 BANPIS-2003 (200342 H 7T H~8 H)
Z IWM-1 EALESIT Tkt L TV HR#ETH D
[1]. ZEDOR T —T1L, v~ A 70T T XA DAERL -
2l '=T VT SHATHS.

AEIOSMEHITH 100 A, FFEEL 75 4

FATFRT 10 1, —fkA—F 1 3841, KA X
—27 fETh o7z, AARTIE APPJ DISHDEA
ThHHN, KT APPJ XA, MHCD AW
TDOT LA, £ DBD 2 EbHY, FNHIZH
TROFELVEZE - =7V 70, FrLVWIISHIZE
T HREN S, IWM-12 @ Book of
Abstracts X HAL TATRETH 5 [2].

AAMNGIX, EBEHEZR T H DEHESRAE
& &bz, BHERAN SR CGRR), EE %4 O

Orléans, France (

ek, #55), A ERlZeA (X)), AL Ok
PR, %) BB
TE B B 2 £ o o 80T, BRI 7=

®®):/74%1777w%&v7)7w@%
H W —7 7 ZOEHL (FEHSEA & Gherardi (Univ.
Bologna) &1 % U 75, KR~ A 7 a{itEmN
T AL ORBMREHROT b r =X
DIEMT (EHSEE), BRI\~ A 7 n
7 A~ AMEIE > A7 & (Callegari, Univ.
Toulouse) ThHo7-. 77 A~ZWiabNZET

35

Mb e I ab—va U CTHKRE o0
Pockels-based Muller polarimetry (Z X % &I
REEEM XA T X7 ZADEMT (Sobota TU/e),
Al CARS Bt (GHESEE), @it
1 RNS 22l (EEJe4), APPJ aa%ﬁ/ﬁfz&?*/ N
a2 b—3a v (B BSEA), T/ R A RpEA
ERONMBREOET My Ialb—vay
(Bonaventura, Masaryk Univ) T»h 7=,

JEAIZEA L TIE, BREE, A4, KL, fil
B, 2T A2 —7p EZIRIT DT> T e, [
ZORDO—DL L T~xAruSTAvarsz2 sy
—IZ K DRI T DR EAT T2y, 77
A~EM~A 7 v 7 v —{t*% (Guillermain,
Chimie ParisTech) &\ 9 Je179 2 %L OIFELE
EHHZ Lol

IWM O [H S Z B 2 1%, Achim von Keudell
(RUB, Chair), Jose Lopez (Seton Hall Univ.,
past Chair) #&p 12 4 THER S LTV 5. 4H
T von Keudell /% past Chair & 72V, {EH AN
Chair L 72 o7z, F£7o, ZE TH o FIRFFKSgE
A (RR) O ZIRERIZHEYY, AR ERIEZHY S
HZlkEhot.

wE D TWM-13 13 2026 4F 6 H o FA)ICHEE T
BifE & 5. BT Daejeon (by Sanghoo Park
and Wonho Choe, KAIST), % 7=/ Busan (by Hae
June Lee, Pusan Nat. Univ.)) O FETHD.

BE TR
[1] SFUEFnJE : BANPIS-2003, 77 A~=xT L7 h
7 =7 252 No. 38 (2003.6) p. 20.

[2] https://hal.science/hal-04614757
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10th International Conference on Plasma Medicine (ICPM-10)/
9th International Workshop on Plasma Cancer Treatment
(IWPCT-9) # <

2HEXRE - BRISATHEHMR LU Z—

# 10 [B17' 7 A~ ERRER % (ICPM-10) 1%

%9 ET I ABARKEREY -7 v a v
(IWPCT-9) LAFT, Au_X=TH /L b=
T 202449 H 8 H (H) 2059 H 13 A (4)
(T Thilfle S e,

FIH @ H e B3R OH NI DAY
—ADBfES Nz, 2 HEOHRER S ICPM 12
B9 57 VT ) — R 4 1 & TWPCT (2B
L7V U — R 1M T, ICPM 25
I%. Steffen Emmert #(4%(University Medical
Center Rostock / Germany)!Z L % ”Star Wars in
Dermatology - Plasma medicine” . Theresa
Freeman ##% (Thomas Jefferson University /
USA)IZ X % “Cold plasma as a combinatorial
therapy to combat orthopaedic infection” .
Sander Bekeschus #(#% (Leibniz Institute for
Plasma Science and Technology Greifswald /
Germany) |Z X % ”Plasmas for Biology and

Medicine, Medicine - Now and Next”.

Robert #d%(University of Orleans / France)Z K

Eric

%”From transient and localized plasma surface
inetraction to deep tissue biological effects in
Plasma Medicine”® 7" L U — A58 31T
ize IWPCT 70 6 13872 73 & | /NEDY” Cancer
therapy using plasma-activated solutions” & &
L7727 U U =R 21T DO TV iziZuniz,
ICPM (287 5ty a & IWPCT IZBHT %
tyva I 2 o0RBITHPNT, TNELD
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HPZRE

Ty ¥ O CHRTERMAER A O NEBERNMTON
72, #E® Eun Ha Choi ##% & FA Y @ Kai
Masur Z#EIC L 2RIERIEERN 77 X~ 1LE
ZBET 2 ERERE O v v a bR T BT,
7T A IERRIRICET 2y v a R T A+
REICET 2y v a v, BRIFRICET 558%
NELOLNTEYya R EBRRITOEN TN
ZENHIZBTH T, BHADFHKRE 5 HED
FRIIIARA Y —F v v a VBRI B, 15372
Heam M T O,

AJEIC DT 0 7T A RS ' Bk S 7 F
FeE T - S 15 Plasma Medicine Awards (£ N
4 > University Medical Center Rostock ®
Steffen Emmert #d% & k[E Drexel University
@ Vandana Miller Zi%»3 % E S iz, /=, &
FHFIEE R 5 S5 Early Career Award in
Plasma Medicine £ 7 7 » A University of
Orleans ® Augusto Stancampiano o403 % E
iz,

KIEIOH 11 8] ICPM 55 10 [8] IWPCT &4
[FIBAfE S 41, 2026 4E5 4 31 H (H) 7»H 6 /1 6
A (1) £7T, BRITERERSHEYS Chf S
NHTETH D,
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77" Annual Gaseous Electronics Conference (GEC2024)

BRXF #EHZ

77th Annual Gaseous Electronics Conference
(GEC2024) 73202449 30 H () 75 10
H4R (&) ZOEVAEREDY 7+ =T WY
> T 4 = T2V T Double Tree by Hilton San
Diego Mission Valley #2485 & U TR X iz,
AV — U =T DIFABITEY LN D FRIAKR A F
VAW T T U DOFEHRR ENR AT T 4
ARZERIEEDORZLBBY DT 55D
DML THIAITHLS, BADBEVWEZH I L
Tefor 2L o CiIiERETH o 72,

K GEC % American Physical Society @ [E [
DHETHY, TITAR-FH - =TV 7 - R
T FEZERR e E ORI Z, ~ A 7 1
T L7 hr=7 A #AEFHICH ARG -
BRBLICH 72 & OIS 2 & A0, IR KR T 7 X
~HTZCONWTO#mEIT 2 I E > T D,
FRBNFELBIL AR - Fi4 B & RRETH -7,
—J7. BARNSOSMFIIHIF L g L To0d
ROTholcLHThb,

LB OLPEERY ARO T — 7 v a v FIChhE
WERO I/ n—V T L =—THEH U,
HMIHDOTU — 27 2 a v 4 1% Numerical

Simulations of Low Pressure Plasma Using

T,

Particle-in-cell Codes: Issues, Future Directions

and V&V procedures, Plasmas for sustainability .

Fundamentals of Gas Breakdown, Data-driven
Plasma Science TH V) | FENOITH T 1 =2
ZAEEN LR D—> & 3% General Atomics 0D
DIII-D tour 2MES N7z, ASFEIZIUTEUERY
2 Dy varikiwl-T —~id Modeling &

Simulation, Plasma Diagnostics, Discharge

37

Biological,
of

Plasma . Plasma — Liquid Bf # |
Medical and Agricultural Applications
Plasmas. Electric Propulsion % TH ~>7-,

B4 T’ 5 & 5 Will Allis Prize %
Professor Vincent M. Donnelly (University of
Houston) "% & L7-, 10 H 2 A (K) 2. DI
techniques in unusual places| 7% (&A% CTHE
KA BIEDD) 1Thhi,

7 [\l 78th

Conference (GEC2025) 1%, 2025 410 H 13 H

(J) 6 17 B (&) #EY 72T COEX
Convention & Exhibition Center %35 & L, 58
2t U TR T ETH 5,
Web site https://www.apsgec.org/gec2025/
AR FEER - RT T - HEFEREITERD D
GEC 2. ZL DI x DBMaMrFL7w,

[ Looking for plasma diagnostic

Annual Gaseous Electronics

FRMERY
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AEEXFE B &4

BA8 T T AvZL Y hr=J AL Fax
—a Ak —/%& 2024 9 A4 H (k) ~6H
(&) I, WEAY vy 7itad b Ekat s
2 — (REHEEAXK) TR L E Lz, AA X2 |
TN ET, (@auFMTotr 74 VBEERITS
Fr) el AR T OO [E N7 PR T AME AT DOFE T
Bt ST Y E LS, RBEOMHLE L ME
OWEINZ R L, BRI O BTN ~DZ H & 8L
1ITLE L=,

AL, 7T ALY ha=7 258 0H)
TP EFEE - s ANBANE) 2R
LT, Y7 RA~ORRERD THL 72O, —

T DO GRN P 2 HE O TN 5 B E AR 2 T

AEOZFHAL 414 (9 BEENDLDORNEIT 1

%) TLTZ,

KEFEE AN X D FRIGERE, B ZE AT
K DPGFERIEIIIN A, 7T X~ DR BIGH %
WETHEDHDO TSI A~ LY ha = A5
DECHIRIZONT, 4 A OFEATERIC K 5 8P
ZREELE LT,

FHEOR2 HEAYAZIZIE, RAZ—t vy av
s DI - ITNI <X NN SX O he ) 1 N e
FRIZEY, BHERRAZ B 3ANREESNEL
Teo Elo, ZMEBEFRLOBEZRD D120, Z8H
DETWE LT,

RR4—EZEE [BFRE]

BFE : & BE GUERD)
Bl B GRRRT)
A E (RIEKRT)

RERE [HFrEg]

<EMEE>

tEEXE =EH BAES
4 « 7T A~ OFA L HlH )
mfEsE  (HFRT)
(7T X~y F o 7O & FEEE)
RERM R L7 b g (BF) )
[7°F X~ DA )G
SEHGLSE (B AR R T)
[KREES T A~ Tt A |
HORHER (R KF)
CEFEREE>
[BIFFERE 0D 7= 8 D HE R |
HHZZE (G dER)
<FFRIFEEE>
(R ETE & 7T X~ L WF9E & OREIE L |
R (B ER)
EUBE [HFFE]
BE Al s B HEBRTY)
W R KRS (bihE KT
JINRHIE (P R T3 45 FE Y 22 A)
TERERF] (PEZERANR G AFZERT)
ka2 (BT
KRELET (RRFRT)
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2024 ££55 85 [EIGAMEFPEMUFEFIARE
PE S&INBEFHEE (English v a) #E

RAEEXRE - BRI XATHEHREV2— RlIEE

% 85 [HS B K AN = D R =)
A&72% 2024 4 9 H 16 B () Fal. &5
EHBOKE A D 4 A41 128 T English
Yy g CaBME L, EAMBRE 2 1RO A R
WL7, Y7 EHEOR T TEMTE DA T
U FOERT, ZIEIZLE 504 Th o7,

1 B HEIT, ®EYE s KFK (Kwangwoon

University ) @ Eun Ha Choi %t % (Z
“Atmospheric pressure plasma and its nitric
oxide (NO) water for agriculture and

environmental science” &9 Z A kL OUFIMA
ez B LT, METED SN TS 7T
R~ REDOBIEETH ORI OV TR W72
W7z, Choi Je/EDHF%E=E, 72 6 NI Plasma
Bioscience Research Center TiL, DO EAK
NY T IREB T, RNb b EHRz L
BRI T HHE 2B L TWD, ZOREEL
HRHLTEEY v b L~UL D KREDTK Z QLEE
T2 LT, KFEAFRE (pH) 2T MEE
a2 ko> T, BRBIMELZL LT T XA~ L
K (BEENAEET NOKEMHRLTWD) ZHE
LTW5, ZONOKEREMKIZL THHTHE
HEAER 2 O T T A IO TlE Kyunggi

(R #%iE) @ Yeon-Chon FE¥EH iz ¥ —Ti7o
TS, LEARA T, KIR, VART DRSS
TORERPIBI ST, BEORY CEF DML
T 570 8 ARG ICHRRNRPELN TN D,
iz b, SEESHN T, 20T T ALK A EE
T5ZETRROBREDRPELNTND, HER
I, BECERK., BRI ~OISHNIE ST
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WoH & LRI ENT,

2 HHRIZ. 74 VEVENRET 4 U v oK
( University of the Philippine Diliman) @
Magdaleno Jr Vasquez 7t 4 (2 “Utilizing
custom built plasma
materials processing” &\ 9 ¥ A~ L OIWEAELR;
A BV LT, 7T A BN E ORI
FM & DI TR O RGE TR 2 614 7
NI T2, Vasquez SEAEITFREED HBIZE D
HT, RREBIWRED Y 7 XAvEE L AT A
DEAFEL TW5, HETTHESNLT 7 A~HE
AERA LT, I, Mo oRERIC, 77
DORMEE T 7 AL, KEnOTRINEELE X
RY =T8T — NOHEERER 55% (RK)
Tl EEFHHA L, £, 77 A~ R
IKPEDR R Z B Te B L, 7T O KD ASILEL DY
IZHART 2500 BiZm ELTnd, fllizd, A
A= AHRDO L B —2ART) T F—F DRI,
TR E T Z & TR F U L-DATF
NT 2 RT 2 RER (v n— R BT 5 1)
~OEFEVER B X DIRMMEOUGENRR B D |
BEOMBIZREEHT 5 ETHIETH D &b
Lz, 77 ASEDOIEMIT, BEM TRo> Tz
BRx 22 F = AN— 2 & BT b RSO T %
FHRTHENTE, SBROBREIPBGIND,
TR OH . FBICK AW XA W TS
WCRRRT DY T7 . THHRIZ TR AW T2
DI #IZ, ZOHZEEY TUESOEEZERT 5,

sources for mnatural



ERZERE

2024 &£ %5 85 M FAYEEEMNEFZ2MERSE
SERBEER
KEKRE IFHRE#E &O #€F&
(Ao 2 rO—L/ — FHRICBIT23EBHMETS X< TN
T XDYE ]

A

DIRZTY

%5 85 [l B S K (2024 44
9 H 16~20 0, KEA v, #ikif) ©o2HH®D
FRIHIC BN HERRE 2 B S e, AN,
RIS TR O 0 B S A 2 B E LT,
(Ao 7 A br—2h 7 — FERIZET 2 -8 48
EFI X~ uw AOWHE] DL T IHEEE W
=72z,

TR TIIREMNC, OFEEREXL T T X<
T A0, @77 XA~ E AW LL
DREFIEDFER, OFRFET Yy F L 7Dy Ia
L—vay, @ALERE (AD /#07E (ML)
FHW -y Ialb—y gy, ITOWTEHRWETE
Wi,

FTHIOIZ, TEOFEREEL 7T XA~ T 1
T RZOWNT TV W, B R pE T
e R R L TE TR D, R TAELM S
DT —HaED 2025 F2IE 175 ZB ICHET
HRIAHRTH D, ZOT —FFEHEKIZHIET D
7o, EICURT 3 A A CIEIB A E ORI L A3
ATETEY, 7F'— FEDNFETL-UUZIESWT
ETWD, F72. THAA AEEIZONTHIERD
Planar #1756 FIinFET, Gate-all-around (GAA)
X° Complementary FET (CFET) 72 & %%tk
BHIL L TETWD, ZD &5 RRBEHENSBH 7
HEDOERIZIZ T 7 X~7 a2 2 W18
LUV OIS METH 5, #EHO T Tk CFET

e
=

JC

I FER

M@ Si/SiGe ZJE g E 251 5 SiGe JE D3
RGO ET RS ) A— FvA—F =D T H
iz SR Wil &, 5% D77 A~ T uk AT
K DR L~V ORIE OB 2 IR S ATz,

RIZ, 7T A~ & W RF LV OFE UG
DEBRIZHOWN T TFAW =72\, BEE Tk~ 7z
KT A ZADINTHEIE T 7 A— FUIZiEL
TEBY., 5H%OFEFE L~ L O THIEO =Dz
%, RESOZBBROHMNVLETH D, T2
T, A A VHRA A R—XBOHI S AT
% UHV F % =% W, ROz e
DFEREIToI], F2, HFEIIFY I 2 b—
Va rEHWTERMR L O EZIToT, 20
A CIX, R O BEE L 2R 22 AS A A
BCE-o7, mvF LI A— L REEIELLTH
W W o FRE L LT SiL SiO2, SiN 0 45 fRFE
AN AF & LT Cl+, CFtDA A& T,
FEERE VI ab—Ta UEBBUERR, A4
THNAX =T DT F T A—)L ROIRD
WHRRL —E LTz, T7bb, 77 XAvEREXIES
EERBIONVI 2 b —y g COMlm CHETE
DT ENRS NI,

3 FZHIZ, W TEVIFYIal—raildsd
Az yF 7 (ALE) [Z2oW Tt &z,
I ALE TliE, EHPRBUSHER @7 A
FET T A~ ERHWNTCRT (£2039717) 2%
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B SEREHEZITV., fl T A2 AH1T 5
L THEROHRRET D, InEfvikY L
TIRAE LU Sz 2 73 ERR T
x5, HAHA 7 ALE 13 Rm 72T 20 E L, WE
EoHERET S, BHEHIEEGETH D, ZD ALE
FOGDBRED T DI S1F I 2 b—ra V&
WCERmBEEFE L2[2], ghe v T E LT Si
ZRO, WERFLE L TClH, A4 LT Ar%
M7, ALE OWSSIEFEIZIHB W TR S CIAST
THRNAF—%FFO 2 &2 HE L, TNZUTxt
LTCRCASFZR LT —%H D ArtA 4 % HUH
L. TOXRMIREL L OIS EHMAE L, 2 §4F
Ebic1 A I bl yF & (EPC)
IF—EDE{LE R LT b DD, ClP AS = R/ ¥ —
DEWEGAEIZL Y K& EPC #1572, vI= b
—YarORPIRREE LTS L, WEBEKT
CIrAST = L F =3 @ B 13 3R il oOE g O i
JERHIINT 5 Z 8Ny hhoTz, T h, ALE 1
R OB L CERE S5 HEAAR 2RI & 1
Hpy  RENSELSNIIREE T v F o 7 3T
THT ENRINT,

BBIZ, Bal OB & LT TEIFEY I 2 b
— 3 3 2 A/ML ZFAE DR = FHFI DN T
THI W W, £, T E VI b
— Y a VIZEAT 57201, ML ZHWEFN
NGt R 24T o 72, 8 % EINBEE P (DFT)
IZ R o T A GRS 523, AEIMLIZK 59
PEET R OREEET /L (Surrogate Model) % fif
ML, BERMICIE, =2—F Ry FU—27 D
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ANEZEFFAEZ AT L, g TR
ATV WAENDRFRNIGRORT vy T
FNX =555 2 & TYMEEZ RAES 72,
THEONTWMEE & | AR E S S 6
DEMNT A= OREMETE T 52 LTy
F Lo TDIZDDET ARG I LT, Z OfE
\Zxt L C, ZBL AR T v v VR TV % i
LT, & 2 BT/ L HIT, Art A=V
—IRT DTy F T = ROT—F &5,
ML % U 72 AR 1ECORERIL, 185 STRkES 3
Ll U CERRER & BV —Ek R L, AUML %
AW EmE RO FERAMEE EIE L, 4%,
AUML #1358 L & AUML % fvi-7
T A~ BUS ORI W B 2 S HIFF
I d,

BRI, THREOVEEESE LROEE I
N2 E T LGRS OBk, ASEH OIS
Ml EFE LS I ALY =
I AGREOBREOSH 2 B BILBH L EFET,
BER
[1] K. Karahashi and S. Hamaguchi, “Ion beam
experiments for the study of plasma—surface
interactions”, J. Phys. D: Appl. Phys., Vol. 47,
2014, 224008.

[2] E. J. C. Tinacba, M. Isobe, and S. Hamaguchi,

“Surface damage formation during atomic layer

- >
— —

etching of silicon with chlorine adsorption”, J.

Vac. Sci. Technol. A, Vol. 39, 2021, 042603.
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IRRPFEH TS XD EESHRLIGARBAL
ENhEX X SERMRORKATR

EEXF

% 44 7T A< HFriasaisE X, 9 H 27 H
(4) 13:00-17:30, ALVFE KT LIRS v 2 /XA
W (55 A PR 4-67 %) 12C, xfifi & Zoom %
RAWizng 70y RIEACRfg S -, Bils
FIXFHHE 4 4 CGER 12 4 Th o 72, Zoom T
DBMFIL 21 4L ThH -T2,

REE FCTHER SN DB IE 72 77 X~
X, WEHES R (VB REIMROBRTR &
LT, MEIE, BT A, B, BERLE
DEIEZ DT DA FIRFE N TN D, FlZIE,
- ~ORERFHE] (GHALD) O7 7 A< MEGHR, JE
FOWHERHE O FIZH 535 Z LA s T
5 [T. Okumura et al, Sci Rep. 12525 (2022)],
LonL, 77 A NREEMREMY AT L TH
LS DOREEZRETELDN, ZDOATI=A A
AL 5TV, %, EHR5HKRKUE
77 A= DIHEMEZRS 5 2T 7T XA~ DM
W] TED R HIT), xRS 5
L% FHELUTHET L ENEENTND,
DL, FINR T D77 X~ OW ek
(B NX—REDDIEMREARICEDL E T
O7rER) FTbELY, Rim (FT7 X~ LK
BRI E) COGDER, S BITITRS %
DR EROGEIX, o FEIE (FI7R) £TO
AFERI IR BRSNS LB L T2 D

ZOXOBREROT, KIS TIE 1. SO
LR BT T A~ (ERIPA RN —~KE)., 2. 7
T AR AENER, 8. 7T A~ DREHE - A F
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= FE@AER

IO, KB O CIEH I N D SeEHIT—
FIc& L CIHE, am LT\,

Y NEIR R OB E I T R KRFD
NP RSN T2 A N U —~ DR E T
DANVAERE COSEMER] LEL T, ERT
BOWRLEEY , PNFRAENEFERESL TN D
A NY —<lEE RIS, Fa— N TIVRE
THHAW= 2 W2, E72, FINE R uUNK
O EPRSEAENRIEK) (28T B EFTOIY RIS
WT BN,

B CHERY fRHEE %4 (ERTo 5
) Tix, TE-FISH 54 W28 A B —~ ik
BOBRFH LT, BHOBEBRFIC, &
Y v I b oY —E W E T R
DFFRERCFAT DFE R DN TIE NP0 =,

7T A WRIRHAERICE L i, Bt
WHERFD D, FFHFEREAE & REBE AT,
FNEN 17T AR AEEREZFRH L&
BT o ZA~ORER], 177 X~ « IERHEIC
BT BKFNE T ORI & 5 B 72 NSRS AR B~
i) LV O BEHE TERL TWEEWnT,

RRET T AR - A A E LT, L
MK BAEE BENS T ~D 77 X~
FEOFEENERKAR EELT, FEricxds
7T A MROFEOE R IO T,
B OMIERE AR N T2 T,

REOBETER CTIL, Bl - Zoom MDA
VIR olz, IER7iimh BB S vz,
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17" International Symposium on Advanced Plasma Science and
its Applications for Nitrides and Nanomaterials / 18"
International Conference on Plasma-Nano Technology &

Science (ISPlasma2025 / IC- PLANTS2025)

EHIRKFE (ERAKRE, HhEHXZFE

SEOBE

%17 BT T X< B L = RO B
BE~OIEAICET 2EBEY AR T A5 18 [H
77 X~ 7 B N E B S
(ISPlasma2025/IC-PLANTS2025) 7% 2025 4
3 A 3 LT HET HEKY: FAHFY
SNACTHESNET, AL, BARDKIRY
a2 =T ¢ MR - EE L, RS
NHME—DEEEFEETHY . FIFE, BARENOHF
RETLTTERLS, BEREORT T bE~A
NHDEL ODIFRENSIMENET, ZOEET
X, WM D Z LK EEESRICBMTE D &
WIH AU y hbdH Y FRTFESH WIFIEEIC &
o THEEERBRA D il Ol L 7> THBY £
R

LSO AR T ATIE, FE1HEO3A3H
27T A= BHFHd, T4 RV R¥ p » 7l
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FWTEB 2 HE D 3 H 4 H ORI IEGRRERH -
SEGEHR EO Z OX@E e AR T 21 H Y |
D%, WEERER (2 SIFRRE) S GEEIC &
LHBEENIEEVES, ZOXHKISHEDS
A 7HOBBREE ChfES, &, HE3HED
3H S Y FIZBBaN R CHINET,
SHIZ, AElOZHETIE, BFS5HED3HTHD
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INI KSR

voa VINFERSIVET, AR TR TR
S B D WITEBRI 2R L RIBE A2 BB 2 DT
FOZoBEE ZRIACES 0,

2H1:2025 £ 3 H 3 A(H)~3 A 7 A (&)
BT RERT: BRI v %A

f£EBORO—T

DT, 42058 (77 X<RHFEIf,
A RN RE Y v 78R T B, A A
IS BT —< & LTIV EWET, 2B, B
TT TSRO b TWETA, 12 AUKEIC Y
Late News & L TS TEET,

[Plasma Science & Technologies]
Plasma Source, Modeling & Simulation, Thin
Film Deposition Process, Flexible Electronics,
Advanced Plasma Diagnostics, Plasma in
Liquid, Etching Process, Plasma for Nano &
Thermal

Aerospace/Space Applications

Green  Technologies, Plasma,

[Nitride Semiconductors]
Crystal Growth of GaN & Related Materials,
Characterization,

Devices, MBE Growth & Nitrogen Source,

Optical & Optoelectronic

Device Processing, Electron & Power Devices



[Nanomaterials]

Nanodots& Nanoparticles, 2D Nanomaterials,
Composites& Functionally Graded Materials,
Applications for Energy, Nanotubes, Nanowires
& Nanorods,

Surface

Porous Materials & Membranes,
Modification & Functionalization,

Nanomedicine & Sensing

[Bio applications]

Plasma Biology & Medicine, Plasma Agriculture,

Bio-
Devices, uTAS, Lab on a Chip, Biosensors,

Biomaterials, Biomarkers, Bioimaging,

Device Fabrication Technologies

ZHEE
ADBICBT D EREEIILLTO®EY /20 £
T, @ A R K1 Web X— IS TR OEH %

CHERL A,

7LV i#i# (Plenary talk)
Prof. Hisashi Yamamoto (Chubu University,
JAPAN)

FEia#EH (Keynote talks)
Prof. Mark J. Kushner (University of
Michigan, USA)

e Prof. Tomohiro Nishitani (Nagoya
University, JAPAN)
e Prof. Mingwei Chen (Johns Hopkins

University Baltimore, USA)
Prof. Toby Jenkins (University of Bath, UK)

F=— kY 7)1 (Tutorial)
Prof. Hiroshi Fujioka (The University of
Tokyo, JAPAN)

Dr. Kai Masur (Leibniz Institute for Plasma
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Science and Technology (INP), GERMANY)
o fhi2ff
1kl (Invited talks)
[Plasma Science & Technologies]
Dr. Yoshiyuki Teramoto (AIST, JAPAN)
Prof. Ronny Brandenburg (Leibniz Institute

o

o
for Plasma science and Technology,

Greifswald, GERMANY)

Prof. Tsuyohito Ito (The University of Tokyo,

JAPAN)

Dr. Eugen Stamate (Technical University of

Denmark, DENMARK)

Dr. Nathan Stafford (Air Liquide, U.S.A.)

Prof. Fan Beam Wu (National United

University, TATWAN)

[Wide Band Gap Semiconductors]

Prof. Jia Wang (Nagoya University, JAPAN)
Prof. Shigefusa Chichibu (Tohoku
University, JAPAN)

Prof. Hiroyuki Nishinaka (Kyoto Institute of
Technology, JAPAN)
Prof. Harada
Miyazaki, JAPAN)

Dr. Jan Kuzmik (Slovak Academy of Science,
SLOVAKIA)

Prof. Akira Kusaba (Kyushu University,
JAPAN)

Prof. Atsushi Yamaguchi
Institute of Technology, JAPAN)
Dr. Satoshi Anada (Japan Fine Ceramics
Center, JAPAN)

Prof. Shigeya Naritsuka (Meijo University,
JAPAN)

Tomoki (University of

(Kanazawa



[Bio Applications]

Prof. Hideyuki Yoshitomi (Dokkyo Medical
University Saitama  Medical Center,
JAPAN)

Prof. Kyohei Terao (Kagawa University,
JAPAN)

Prof. Hiromitsu Toyoda (Osaka
Metropolitan University, JAPAN)

[Nanomaterials]

To be announced.
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FPR CITER2EET L BbnEd, A, i
FFVWERADT, BILBE > THE TSV E
FTEOBBENELET,

HiZ:3 A 150 (b)) al (7iE)
SEE 1 (R
DIBRHEAT*, LR, IRESH, IRIER, K
ARE#k, HoBAN (V=—kIar ¥4V )z
—Tarx (KR) (TEETIER)

BEE DR L R o TR

“Modeling and simulation of coverage and film
properties in deposition process on large-scale pattern
using statistical ensemble method”, Jpn. J. Appl. Phys.
62, S11006 (2023).
SEE 2 (R

P —RR 1 AR 1
T L NEPERER 2, P&
PR 2 UM, 3 RBROR ) (22
BEOXG L 7o T

“Single-step fabrication of fibrous Si/Sn composite

NN BT B
. /NEERESL 3 (M4
T ERS)

nanowire anodes by high-pressure He plasma

sputtering for high-capacity Li-ion batteries”, Sci. Rep.
13, 14280 (2023).

FEAIE. TREO HP & ZHEsR < 7230,
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Jin-Seong Park (Hanyang University) [ Recent
Progress on Atomic Layer Deposited Oxide
Semiconductor Channel Layers for Emerging

Memory Application |
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26th International Symposium on Plasma Chemistry (ISPG26)

RLEXREXRERIFERREBER

The 26th International Symposium on Plasma
Chemistry ISPC26) 7% 2025 £ 6 H 15 H~20
HOHBRTT AV 1« IRx7ARY A University
of Minnesota, West bank of Mississippi River
(main campus) TR SN ET, EITREE,
Prof. Peter Bruggeman of
Minnesota, USA) T3, 72, vV ARTY U LI
b, 6 H14~16 HOHRRTH~v—RX 27—/}
Bifle S E 3, BFELROEEIZ L D007 mT O
EEAEFHCTEDIED, V=R =L TS
LNRWVERERZAFTE D720, R E
BTCWET, £/, FEPGEHRRFLASR
AN K7 B —OMFEEPRZEZIML THETOT,
AARNFE « BHFMEE I > TCalia=r—v
Y NaEmORINOWNF Y b7 2IEDHZ LD
TEOHEL LTREABERRITHETT,

AK=T,
Society (IPCS) M RHA L 72 D #HE STV 5D
pR~22C. Board of Directors ® A . 3— L LT
H AR B IR T2 (LINRS:), BRIR 2L
% CRRPRY CoaLHERY)), KHE O
LK) REEERETND->THET, ISPC I
Gordon Research Conference & A2 HAIZFECHA
EINTWET, 7T X bFEa il e Lo,
JRF 3P DBMEGURICED VT A —v
PEL, BB OISHMIZEE THIAS /X —L
TV DRFHET, Z D58 TITR RO FEFE
D 1OTY,

FEAGEHIIE 5T, 209 b HAEANDLEARNE
—#Hi% CEFKRP) BHEBIhTHEd, HBfE

(University

International Plasma Chemistry
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ICPIG2025: International Conference on Phenomena
in lonized Gases XXXVI Edition

EEEXRFE ELAK B—

% 36 M ERE R BL A E PR3 (XXX VIt ICPIG)
1%, 202547 H 2025 HIZ, 7 7 VA« <)Ltk
A 2R D Aix-En-Provence (23 TR S
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ICPIG 1% 1953 5 1 M3 BRME S 7= KR~
T A=« BEERUE BT BT B I b D 5 [EFE
ZHETHY, B 34 BEBERLSBEFMEOISMET
7 XA~ [EFg=# ICRP) L DA T 2019 £4EITAL
PIZBW TSN Z &b b, AOoRaoa
BEMIZII R CHDRWFERTH L L BVET,
ICPIG ® 2 = —71%, ST TIX, 77 X~
DFEEE, HEWE, WikBg, 7 X< LEIR
DOMEAEH, 77 XA=5Hll ETHY, IS E
Tl, 77 A~REUH, 77 XA~ EEBL LOE
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T A=, @i AEFRMTBT DI L O
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RRREM T T A</ ETH Y, HEOFIET,
FEr, BlEm, AR I L—Ta T, K
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v - BEERIABLG LW ) RN R a—T R R B 7R
5, 7Ty hA—LTREDOHLEZHETHHZ L
b EHETT

ICPIG2025 i, 5 1™ General invited lectures
B LY 26 14 Topical invited lectures D FFFi#
D OHER S 1, —Frmm L bIEH SN D 36
4273 Oral contributions & L T FER%EFR S LD,
AENOKIBEOBEARAY — v a VI TES
NTWET, ICPIG OFFFEFEICEH S D Z &
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ITENTAFETH DL Z L DFETH Y, ICPIG2025
TiE, FTOAENS 1 4D General invited lecture
B L OV 4 4D Topical invited lectures 73 7 i & 4L
TWET, MMZ T, ICPIG Tif#El, K4y¥iCE
WTBHE R R 258 LT E4 R AF%E3 1T Von
Engel and Franklin Prize 23% 5 &4, ZERL®
FRED AT O E TR, SROZEEIL CWI
Amsterdam and Eindhoven University of
Technology @ Ute Ebert (ZikE D £ L7z, — i
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HHE L725A T, ICPIG IZ&NT 5 Z & 139k
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Social Program & L C, vV h ALES v a v,
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https://icpig2025.sciencesconf.org/?lang=en
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18th Annual Gaseous Electronics Conference (GEC 2025)
Rl KE €F#EF (GEC2025 Executive Committee Member)
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23, 2025410 H 13 H225H 10 H 17 HO HERIZ
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GEC 1%, 7 2 U 4 (APS) @ Division
of Atomic, Molecular and Optical Physics D%
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TAER - REEZGOL T ITAS A FT 7 /1
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Executive Committee T/HEF 47z, AFF 50 14
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GEC TiX BNTMEZAT 5 FAELZTET 572
®1Z, GEC Student Award for Excellence & GEC
Student-Poster Prizes &9 BERFEIT HL TV
F9, AIEITAEEER, BEIIRAF —FRI
G0, WTNGERIFGFESLEE R 9 GEM
T4 % BT EDO GECHOHP ZEM LT FEW),
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