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4, EFHEOERESFEILZ FAZIX
D
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X 3 Massey et al DFEE (Vol. 1~3 KRG E &
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DIXE A A OfZEEFRICE LT, B 31K
TEOMR, 3 BENLRDIKMOEFEEL TR L T
% (Massey et al 1969, 1971), % D1, H. B. Gilbody
BN TR ESCERL - O @ 2 & o 725
4 B0, RERY br R 24 OFRICET
555 8 G H L CTuv b (Massey et al 1974, 1975),
AARDOWELFOREEIL, FRITHOK~EMT L 72
fEdems 3% Lz T8N SHVWETHDL Z &
272 205, FEANTITIEHEF 1 I BUF O 7
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TR R, EOHT 1920 FHEHIZT
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NWEMKFE R 2N b EIFCnotz, Zhbidfk
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Too mHNZ, BT -0 F O RO AMESH
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RKOFEF e, EEROBHFARLNBML TV D,
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TlE, R LR E A 72 KRB ER

XoT, 2RTT THAZBZ DEF M,
BRI E CHRREL RIT L T D O 718
WO L EEOMHTH L, N Thhk, &
E CRBECKIEN -G S, JIEBL Tho T,

Z D S EREE AR - T T 1955
O —EIFEF ) EFF H ERRESE TR, &R
7 A~ & OIS O FTREMEDN Y BT S
. LEOT T =g~ L Tn Z LR
%o Flo, BRFFICEES L —F —BRBITEFEL
TWEHIEE D% <D, ik, ~ A 7 n s
W DIEMZEIZE b > T K92k b,

4.2. WBRTFOMLM-EEXL TRLX -5
iz, LOROKMRERENSEDLEE, [z L
7 kv =7 A(Gaseous Electronics) & FEIEAL 5 57 B
WAL ER->TL %, EOHLERDLDIL, B
RGO T T O ER T B (swarm, A T F — A
CEFETIEAA =L ERDEIN DD, ARG TIFELT
KRB AN D)) OYLEC- R B R O MG & 2 3
2 lb—va O TH D,

L ZAT, HAEMIC [REIIRHDORE D
WD Xz, BIEOmER RS2 32 T
LR ORI, 247 B AR AL o FERENF ST
DFERN S 5, WFZeE TR & Bt o %% DRk)E
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ErWEHGORBE LTS
(Margenau 1947),
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ZERH 3 AT DY H & Ok
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Holstein 1954), % . fle)?D X B e =T s
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ZDH%, A DRT v x LT RLF =D
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Lol ETDAY 4 —LRXTA—=H LRV~
7RO BRI CBERT L. PR CE 2SR
mfEtE v & PRl 2 FiELS, Swansea KD W.R.
L. Thomas |Z & = TIZITHESZ S 4172 (Thomas 1969),

B ORMEST R, BT FIEBARE T2 D
EEFFOZ EMFERI 4L, A BRI
LB 60 AL HAT A2 STz, TUT (Trondheim
University of Technology) @ H. R. Skullerud 72 & O
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regime) T,
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. EEEEET —Zty bbb il Ial—
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Lu—L Y R ERE ST % (Lorentz 1895),
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— A (M) EEBNAERSIND Z LRI TVD
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(b STANGNIN'Z 1) Rab VA RO VI S Q70 [0))
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Z I T, EBEERAR R ORI O SRR EE) A
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Frex s A =7 2GR, ==2— bUgifE
OEEHFEA L LT, 19 fitfidodE C. L. M. H.
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BT DBl EM AN T — F N— 2L E T
TTEY, ZHUE- T HHEEO FCE 1k
BERE AT RVF =DM OFHENTE D400 Y
7 hUZ T AHE LTV AW 2, LxCat 2005) ,
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BEAOA T O, BRI =
X —3 AR 7R E R & B 0B E L TR E D,
7ok, WA O BIFEN IR E E/N LTI, v
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(Kitamori ez al 1978)., ‘&5 -1k DA% At <0 1) i
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A.A. Viasov IX, K5 AL CEEREE O TGz
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K& B LI=(Viasov 1945), fif k- oo H
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5.2. RE-77X2D¥Ialb—vav

Val—va ryFELFRERETVERTET
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F#%1L FORTRAN ST 7 7 A3 590k
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PRI A3 KU 7 b & PEHCCHE S5 fEigD
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Gummel 1964), BITE, Sharfetter-Gummel A &% — A
ELTASHFIHENTWD, WIKET LTI, fif
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Dutton ¥ JILA (Joint Institute for Laboratory
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T—H =R % F LT 5 (Dutton 1975),
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(2) PIC/MC EF )V

1950 AR, IRIE@BEE T T X~ & /&I, MfH
RFFT Ak Ialb—rarT5FELE LT,
Particle-in-Cell (PIC) ¥E2SBHYE SHv., FHRAESEER &
BEIEI 2 50 B O — BN E) & 4h 6 72 (B 21X,
Birdsall 1991) , Particle-in-Cell/Monte Carlo (PIC-
MCO)EIL, ik & T AL+ O " ARE LN AR
TERWENIZ ZBHIZ, PIC IEIC MC B4 #IA
TRV 2 b— g U8k E LT, P Burger
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ZOHAHOFT MC ¥ alb—rar&#{7To7TC,
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DARZEH Lz, ZDOH 1906 FITEHEMED
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ROEFEE—~ 2013 1921 LI T
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B 7151238 T Born-Oppenheimer #T{EL23 72 &
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ZDEHIT < DILIED AT 1930 4
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DIFEINT T X~ DRt % B &EWICRIET 5728
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DOWFZEFTR' & —, M7 ENEF ST -
Teo RIRDOEREEIRHRES S 1983 FITITT T X~ -
ERada~tdmsitTinol,
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~1970 FFRDOEE T Z kD TH D,
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12

Gaseous Electronics Conference (GEC)723 %8 /& L |
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& Z AN, 1959 4D Brown DEETIX “Basic
Data in Plasma Physics” (Wiley) 23R E L 72> Tk
. =D Y. Chandrasekhar @ “Plasma Physics”
(Chicago Univ. Press, 1960), Drummond @ “Plasma
Physics” (McGraw Hill, 1961), Thomson @ “An
Introduction to Plasma Physics” (Pergamon, 1962) &
WO KON, 7T A=W OALFRDHT I
b L, BATT I X~D4 % i L CTRPIC
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FIC IR olo b D E LTE, Bl -0 77 X<
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RCOB@ME7T ey =2 N (@I 4 b 1961 4
\Z “Institute of Plasma Physics” & e S 4L TN 5,
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LIE RBERNZ DFEIETSE L L2 b DI3,1963
2K [E D Plasma Physics Study Group (chair: S. C.
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AR1VIORT, ZhEaise, RBUIZDVRRD
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1 HR~FE 2RO AT TR X, 22T



7% 1. Outline of a Course in Plasma Physics

. Introduction

. Atomic Scattering and Kinetic Theory (1)

. Elementary Processes (3)

. Motion of Particles (3)

. Macroscopic Equations (5)

. Transport Coefficients (3)

. Creation of an Ionized Gas (Plasma) (4)

. The MHD Approximation (3)

. Plasma Instabilities (2)

10. Shock Waves (2)

11. Low Conductivity Flows (2)

12. Sheaths and Oscillations (2)

13. Propagation of Electromagnetic Waves in Plasmas (3)
14. Radiation by the Free Charges of a Plasma (2)
15. Man-made Applications (2)

16. Natural Applications (2)
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X, FE2NHHE3, FHAMMRA L&A TH

S ANPOWNEEILL THB &0,

6.1. 777 X< K&, ENhhEHLLDER
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7o, HEE(1971 ), BREREBIT DA KITE-T-
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WA 77 X~ ORI b D 7,
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{8 (5 —to3mm) | B 7504 (H
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STEDLNT, WO b JILA TEHBLEAY +
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Z DR A2 PDP O®F VY v ZIZiEM LT,
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DM Z T CTE b dH D, HKOH
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KB DM &I, AT 4 — LFEHOR LY v
fidT A Fe e ST & 7o, BUGSRDFRS o — HREEH
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R X, A EEL L CEM AL
(Chang et al 1982)
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D7 AL RSN TV, FRMRICE, 7%
b e RS RF BTG B S ns, Bt
BROFAT PR A ERE A RF A 5 U 1960 4
RIZRS>THBTHD, ZOEITIX, ANy ZD
B NFRITET VOBELIRE > TN D, ANy X
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DR O E A E T 7 X~ THBEWBIREE L
TIRBIED EWIH i aRE LT (Gleit et al
1962), Z®%#., [F#to J. R. Hollahan 28 X W FE L
WNERLHT L FE~DICH b B O L2 AFR L
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Discharge Coil

5 Hollahan DBA/R L7 7T X< K it
(Hollahan 1966, J. Chem. Edu. 43, A402)

B0 A A T2 D1 Signetics £1:0 S. M. Trving 5 Th
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T&E % & OFFFF % A L 72 (Heinecke et al 1973),
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(Harvichuck et al 1975), & O [F#D J. W. Coburn
& H. F. Winter 2854 42+ 7 ¥ A b GO JREL % (K
FAHIIZELEH L 7= (Coburn, Winter 1979a, 1979b),
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DOIBPELCE S, N TR A 72 & OFRREAR
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0 L BECHE O RE E THAE Sz DX 1970
AR PETH A 9 (Holland, Oja 1976), % DEEIZIL
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Off—Campus study in the U.S. for learning in plasma
diagnostics
REEFEKXRE Deng Siqi

X

The University of Minnesota, Twin Cities, is a

prestigious institution recognized for its

academic excellence, research-driven
environment, and dynamic campus life. With a
global outlook and significant contributions to

science and innovation, it serves as a major

academic hub both nationally and
internationally.
During my off-campus research stay

(3/1/2023~10/17/2023), 1 worked under the
supervision of Professor Peter Bruggeman, who
leads the Plasma Science and Engineering

Group. His group focuses on various aspects of

plasma science and technology, conducting
multidisciplinary ~ research  that  spans
engineering, thermodynamic and

electrodynamic physics, kinetic and reactive
chemistry, materials science, and computational
modeling [1][2]. The group develops novel
plasma-based technologies for applications in
environmental remediation, biomedicine, and
renewable energy by leveraging the unique

characteristics of non-equilibrium plasmas.

The laboratory is equipped with advanced

tools, including laser-induced

(LIF),

spectroscopy (OES), laser scattering, absorption

diagnostic

fluorescence optical emission

spectroscopy, and mass spectrometry. These
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tools enable detailed analysis of plasma
properties and reactive species densities. The
group's research focus includes plasma kinetics,
plasma-liquid interactions, and plasma
synthesis processes. Photo 1 shows the farewell
party held for me at the end of my visiting
research period in Professor Bruggeman’s group.
In the photo, Professor Bruggeman is seated in

the fourth position from the front on the left side,

and I am seated next to him in the fifth position.

Photo 1: group photo

Visiting purpose

The ultimate goal of my research is to develop a
gas—liquid interfacial plasma method for the
sulfonation of carbon materials under ambient
conditions using dilute sulfuric acid. These
sulfonated materials can then be applied as
solid acid catalysts for cellulose hydrolysis. A
key challenge is to understand the plasma

parameters involved in this process. Therefore,



Figure 1: real image of plasma discharge with HCI solution; took by digital camera. (upper)

with 532 nm band pass filter; (lower) without filter.

I aimed to wutilize the plasma diagnostics
available in Professor Bruggeman’s group to

investigate the plasma characteristics during

sulfonation, in order to enhance the
effectiveness of the method.

Major Results

At the start of this study, I conducted

experiments using a Class 3 Nd:YAG laser to
observe scattering by droplets formed during
plasma-liquid interaction. Four types of liquid
distinct

solutions were tested to identify

behaviors. Interestingly, when plasma was
applied to an acidic solution, droplet generation
exhibited a two-step process. As shown in
Figure 1, droplets began to form when the
discharge current reached 10 mA. However, at
15 mA, droplet formation ceased, only to resume
at 20 mA. This suggests a transition in

discharge behavior, possibly indicating a
relationship between droplet formation and

plasma characteristics.

Further plasma diagnostics were conducted
using 2D OH-LIF imaging. As shown in Figure
2, four OH transitions were selected and LIF

measurements were taken at five different
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discharge currents. The collected fluorescence
intensities, which are linearly related to the
population density of rotational states in the OH

ground state, enabled the construction of

Signal Counts
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Figure 2: (upper) 2D OH LIF signal of Q2
(6) when the current is 30 mA; (lower) Teas
of 30 mA plasma discharge.



Boltzmann plots for gas temperature estimation.

The measured gas temperatures at the plasma
center were as follows: 725 K (9 mA), 700 K (12
mA), 760 K (17 mA), 1000 K (23 mA), 960 K (30
mA).

Absorption

0.025 4

0.020 ‘

\
f\lu I\

<€ 0.015
0.0104

0.005 4 ‘ ‘
\h L " LA
0.000 S ’

T T T
306 SOB 310 312 314

Wavelengh (nm)

%102 OH density

OH density [m"

2 A5 -1 05 0 05 1 15 2
X[m] x10

Figure 3: (upper) Absorption spectrum
obtained from the positive column of the
discharge with the water cathode; (lower) OH

absolute density distribution.

Figure 3 (upper) shows the absorption spectrum
calculated in my experiment, the spectrum was

obtained by following equation:

[I+p('l) = Ip('{)
A(d) =1 - BEC TP 1
™ 1) — hA) W

In this experiment, the condition in this
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experiment is current: 23 mA; distance: 3mm.

I choose 4 transitions in this spectrum to
calculate: Q1 (4), Q1 (5), P1 (2), and R2 (3). The
OH density profile was shown in Figure 3 (right),
it obtained by LIF profile and Tgas and
The

in 23 mA plasma

calculated by following equations.
maximum OH density

discharge was 1.6%¥1022 m3.

W) = /A(;!)d/l: f [1—cxp(—h,403 nou(x, )

Ja(TCx, ¥)(4, T(x, .\‘))d.\')]d/l

Conclusion

In conclusion, this off-campus study allowed me

to gain valuable experience in plasma
diagnostics and deepen my understanding of the
plasma parameters critical to the sulfonation of
carbon materials. The advanced measurement
techniques and collaborative environment at
the University of Minnesota provided essential
insights and technical skills that will support
the continued development of my research on

plasma carbon treatment.

BE R
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WA, IRFEFRU BFIZHY SN2 tFETH
B AR, A EIRE D 2 L CHEBEM AR
HLHIENTERY, B3 E 5 L THtlgMEz
870352 ENTELD, TIVE TREE
WX DIGHNEEIZEATE ) 22T, 20O
DIANDEE LV CNTs 2l E Tl &< 72,
INFETEL OIFZEE D CNT Ot JFiEIZ 2D
TREZED TET,
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Call for Papers - DPS‘

46 International Symposium on Dry

November 13(Thu) - 14(Fri),
The Shiki Museum, Matsuyama, Ehim
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Paper Submission Deadline: July 14, 2025
Author instructions and information about DPS can be found at:

https://lwww.dry-process.org/2025/

The 46th International Symposium on Dry P
will be held at the Shiki Museum, Matsuyama,
from November 13 to 14, 2025. The Symposiul
aspects of the rapidly evolving fields of dry p

but not limited to plasma etching and depositio
diagnostics and modeling of plasmas and surfac
madifications by plasmas, for the applications in
microelectronics, power devices, sensors, envir
protection, biological systems, and medicine. Ths
provided valuable forums for in-depth discussion
professionals and students working in this exciting
more than four decades. |

Theme:  Dry processes and related technologies from fundamentals to applications |

Topics: 1. Etching Technologies

2. Manufacturing Technologies (AEC, APC, EES, FDC)

3. Surface Reaction and Damage

4. Plasma Diagnostics and Monitoring Systems

5. Computational Approaches (Modeling, Simulation, Machine Learning, Al, '
Informatics, DX) for Dry Process |

6. Plasma Generation (Equipment/Source) |

7. Deposition Technologies (CVD / PVD) |

8. Atomic Layer Processes (ALD/ALE)

9. Dry process for Green Transformation: GX (Energy saving technology, |
Alternative gas, Sustainability) |

10. Plasma Processes for New Material Devices (MRAM, Power, Organic, lll-V, b}

11. Plasma Processes for Biological and Medical application,

12. Atmospheric Pressure Plasma and Liquid Plasma

13. New Dry Process Concepts

14. Dry Processes for 3D-IC / Packaging

AS1-l Undersbandmg the mechanisms for future high-aspect-ratio etching t
AS2-Atomic layer processes (ALE/ALD/ASD) for ultimate control of surface'r:
AS3-Dry process technelogy for 3D-IC and advanced packaging

For further general information, please contact: &-mail dpszOZSenffK'aﬁn\aris.co.'
Organizing Committee Chair: Masanabu Henda (TOKYO ELECTRON MIY,
Executive Committee Chair: Masafumi Jinno (Ehime University)

Program Committee Chair: Masaru Kurihara (Hitachi, L¢d.)
Publication Committee Chair: Kazuo Takahashi (Kyotd Institute of T

URL: https:!Iwww.dry-proces;:iﬁrgl2025/
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