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Filament arrangement of surface wave plasma and plasma photonic crystals

MUKAIGAWA, Seiji
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In this study, we propose the filament structure of microwave discharge
plasma as a method for realizing plasma photonic crystals. The helium plasma filament generated in a
cylindrical vacuum vessel was studied, and the following results were obtained.l. Filament was
generated at atmospheric pressure on the rod electrode, and the filament length was controlled by
matching the waveguide. The length can be controlled to about 4.1-36.8 mm with an incident power of
200-400 W, and saturates at the maximum value above 400 W.2. The loss of the transmission system was
evaluated, and the power density input to the filament was evaluated. The input power density is
100~40 W/cm3 for the filament length 15-45mm, and the filament with an electron density of about 5x

10"9 cm™-3 is elongated.



Bk X C—19, F—19—1 (JLh)

1. WHEBHAR SO 5

~A a7 T AL, REE, BEROGME, BHEEMLREAE L, (kDT T X< DT X —F RO
EO G, B2 MER O E LTEZ L OMRENTThITWnWb, v~ 7 a7 7 A~vDWE%
MAIMNZISH L7 7 A~ T4 b=y ZfERT SA AN 2 1 R OPEHICIRE SN TLKR, 7
TR T b= 7R (EBITEAF~T ITI) v, 7077 A< TERTHZ LITHE
TITRARWEREIL L o TTF Y LoV T —~<bioTW5b, 74 b=y ZiEdiE. BITERD
B DWE DWW ERE OB CRAMAICEE L-#EZ L TRY ., 22T 25060
T TRE L DA MCEERIE (74 h=y IRV XYy v ) BELD LD TH D,
77xviafﬂmiékm%4ﬂ¢é<ﬁé®f v A uT T A< EBMICEE L2
X, 74 b=y 7 fiMERIFEOMHEEFFOL IR D, ZHEXT T A~ T+ b=y Jf5ifh &M
iﬂf“é(ﬁﬁnfiﬁwﬁ@ﬂ&ﬁm#tkiﬁﬁé# THENZHE - T, BRI ORI %
7% h=w IR Ry v 7 FEIRT T A~lifie I XA~ T b=y 7 #Efa(P P C) L FESR
T D) AT+ b=y IR E R L EORIX. T 7T 4 TEHENFRETH D Z &
#ﬁb% 7T A< EHENT HEIFAA v F D on-off (ko THIMAHNIZV MRV T5Z
ETHD, AFETIE, BIRORAYEEZ~A 7 uliflE T 7 A~v~vf/n7 7 XA<DHE
MRECHEBIL, Y7 A~ 74+ b= v V7 fEROEBOFHEE LTIRET 5, KAt~ ar7
R DERRIZIE, FEEANY THESCKREWLE (4 7 ol PESHWLRD, 2Ok
EORT B CALREEE I i)%ﬁ@@m“747f/Fﬁﬁ(XT/F~“”X:ﬁ@/)ﬁ/)
W, Fa—U o TR EMESCIRIE T BR PR L TWD, Ll ET 7 A~ T
DT 4T A MY L 7717$%h%#5@wﬁwﬁ®mE¢%_owT  BIREAT
I, TR EENFEREN M&_%W%ﬁzékmohﬁbhﬁ< %Kﬁﬁ%%@
é%@@ﬁﬁmﬁﬁofw&w 77xvﬁw“ BT 5 ECHBALOMEIT, N~ T L
DOEZREA %Tim%@ﬁaﬁ%mkLTE<¢6%4/vak&onéﬂ ﬁﬁi%%@
#Aé: Lf@éllzq:@ﬁiﬁu‘l‘jj% 9!51’*?3?/%@% BiFH/4— /ﬁ/EJZ@Eﬁij@FUO%b)%D
DOIART, FEENY THHEST 7 A~OBE Y U b Ofgee, REkE (w1 7 1) E
T 4T Ay MBERSE DRI BT 2N T ARIE R Th D, KRUEILE @aamﬁmi'mx
IRATEHRE X ¥ » TIETIE, 7 a—END 7 47 A2 O ZRIohY] Sl oA
NTA THEEIZ /2D L XE, T a— U U TRIRLZEMEICEVBAEL TS, RTEREO B WER Y
VDRt TFa—Ur THEICL > THEAELTEY ., MES breathing & MRS 24k 72 22/
RE—v bbb, o, ROMHENBRIICHENSERE LT, 99—V KA b rE— R EME
NHWHEESE T — FRB, Bk Y U M ATKRFAIRIESBEWART L 9225 2 EnBEICh
#ofwéoiﬁﬁ(747mﬁ)m* BV, EEy (B TSI X~vDT 4T A
 MEBLR OEN R « BEGIICIH S oo d b, AIFEIX,. 20 X 5 Riilliiae 77 X~
7%F~V7Fm®%ﬁuFUoj FEBR - RO ML S W R AR T 5, S5 DH R
T w7 e LT, MR - IR 7 EOZEER L ORAE AR IBRT H Z LT, A
BTHONTMRAZ LV ERENRLDICHESESL Z LNKRET, FHNICERZDOHLZ L &
EZD,

2. WO HM

AR CIX, BITRORAYMEEZ ~ A 7 alE S 7 A~~~ A 7 a7 XA~ A CMgET
EH L. BREHET AL R LTOT T Av T4 hmw Z R A ERT 5 1 >OHEE LT
RET D, T, TOWREZE LT, BRIREET 7 A > NOERMHAEIER (BRSNS T Z
R~ HECABACHR BRI RIETHFHAER) OFEE2EKRT 5, FEHMPOREE LT, 74 7 £
v MulE ?7i75K<70)éEEE BIL. LAFIZ DWW CEBRNCKEE L 7,

(1) MEMNEERB/NTPBGICHE L~ A 7 el ED 7 4 5 A MEEEZHSL 5

(2) BEEKRNVTHEDT 4T A2 b O OBRAE
(1)747)‘/1*1%Lﬁ/521 ~A 77T A< iAic LD . REEB L OERKED A~

VONTT 4T A NRT TR EERT D, ~A 7 al % E— REHESE 0 Ta% GEEN)
BN HBEEZERBNCEANL, ARB LI -2 T7 47 A veo< b, REWE T T X<n
AR LEZD, REWKE— ROREEZITV, T— REBSKET— NOZHEEZEET S, PPC
DOEERITIE R Y hT— 77%?4’%%%“’(5/\7% AR F—ra A EORERD,
PBGZ#RIET 5, ZHIZ BRI E 7 4 T A VOREARMHAEERAZRE L., BT T VK
®ﬁﬁ%%éoik\ﬁ%%@%¢5tb WEOET ML & MR EETT 5,
(2) 7 4 7 A v NEAKERE . ERBROEO M E O MR EBII L, 74 T A b
DIEEIEEDREEZIT O, 74 T A2 FOEEFEAIZE T, WIHOBREOERIIEETHDH D
T.ZOBMNAEEFEECMOS HATRICCDHATTITIET-. 74T AL FOKMELE .,



FRCHE T BHS 7 4 7 A NEROFIEMEOHENEE THDHDT, Y/ A~X (BSO)

kb ORI 2 R U 723 R O B SRR K

3. WO Hik

FROBIEDTZS, 74T A MR~ A 7 0 E T T X~ DA EREIZE LT,

R B AT DR E I 1L 2 feNL T %,

(1) K=

HE~A 7 allE T 7 A~ 7 47 A MRIEEEDAER EZF DT T X< FtEDHIE., (2)

WRBETIZBIT D~ 7 0illET T X~DT 47 A2 MREEEOHIE .,

WHEED~A 7 v BT 7 A~ ~DEAT RV —EEOFE, £/, FEENY THED
Eﬁﬁ%ﬁﬁ%bf\M)ﬁmf%i?%?m%%/7 BARNY TIHED A N T A I HEED
B, (5) RREERIKHESZTICBTL2~A 70Xy v THEERNYTIHED T 4T A2 M
ﬁ®ﬁ@L%)ﬁ%F£$747ﬂ%%/7*$%A)7m$®747%/F%L®ﬁﬂ(7)
BIFDH7 47 A MEE» DY —HE~
DEE— FEB OB & HERGEIEOFMEI 21T 7=, LT, e 2@ L CIHE Z & I1TRk

KEENV T A~ A 70Xy v THEBEANY THREIZ

% é—f naj—o

4. WFFERE

(1) R&RIE~A 7 v iliiE 77x7%%wt747%/%k%L®$&Ti 10GHz ¥t D E
BETSTAICED T 4T A MESED

Re OHIHE A2 A8 E UT- PPC OAESE A AUAEIC

(3) 747 A b

H

ARk AT, 22 RS & L COME éﬁ%mﬁ 2y NEREZREL, ZOEMETT 47

A MRITEZ AR LTc, AIET) &R O

77 BeREEANE L 720 W, AHET1200 - 400 WCT 4T AL FNEXEK 4.1 - 36.8 mm |

MITE, 400 - 900 W TR AKDODEITHRINTLIZENDN-T-, 74T A NENRKMEIZ

BERUEOEILTT 4 T A2 FEOHIEIZIT-
Z 1l

ELTCRIZS O AFENEZEMSE 5 & URBHEARL, %&%&&T®%%#ﬁ%¢é FEIC oy

AW RV EFEELZHMLIZE A, 74T A FROWME & HIT

ZEnbhol,

BB T D

(2) 10GHz T ED BRI OFIE 2488 L, 22iFIiR s &Lf@ﬁ%ﬁ% ICHEEMmARE L~

4 T Ay MRAEE AR AR L2, 200 - 500 hPa DHERSL,
Tlx., 7T X< EITH 45 mm THEIMEIEMENR /NS L
AT %, ZOET)OFFHN TIEZALE S O

EIRASE S 450 W, 500 W D54

300 W CIHEHDOEIME LI T T A~ E

&RV ERAEINITER M

ZEHL. RS

%ﬁ&i%é\ﬁf OW, BAERNLESND EREL 2%, ANHES 500 WL ETHRAE TR~

WZHINT D28, KEHEOHEINE & HICRIEEE K L AE I
NABEIOESIXED L7 4T A FEIZMT 5,

(3) REEBLOERRILEIZBITA~A 71
WE 77 A~ DERR E~A 7 arikR
DZFNF—HREEEIZAN, 74T AR
KT T X ~DEAT R X — af%ﬂﬁb
77 747 A FE15 - 45 mm 22 bIT% L
BNE R IT 100 - 40 W/ em3 ThO ., BT
BEERK 5X1079 em -3 —EDT 4 TF ALK
NHELTWSZENbholz,

(4) RREZEHE~ A7 12X+ v 7 DBD OELH
TliX, A N7 A THEEOBLIAIBNIEZ VDS, ﬁb
CIEFEROLN TN ST-DT, ZOHRED

T A THEE A ICCD I A FUC iéﬁ%& ﬁ
BRALBL D Tk % O THEAT L7 RE SR, 225

ESIP [W]

BT T AITHAS

500--o--- Pinc = Pref

—e— BABHP I

77 X~ EL.Jmml

—— J3RIEL,
IU,,,
506 : ' : ' '
400 500 600 700
NS TPy [W]

TIXIBABHERSDERZ

DIAEIEIT T 4 T A MRTHY, ZOBEINZL VAN TA FITRZD T ERlbhoTe, B
WEX, D7e<td 3.0 n/s THDHZ EXNbhroi,

(5) WEAEJE|ZH| Z%iXx ICCD A A TIC L DR L
T A THEEIZ R 2D B 2 LR A R 4 |

BRI X BT 21T > 72, BETIZA B
WO EE1 Yy FTHEBIL, K50 - 1004

s OFIERFE (5~10 FA 7 1) TRBUNEN D RNAMET 7 A2 FOBREL»PH 17 4 T A
v NOBEIEE RO, XY v E0.14 mm, FINEE2.7 kV TO T 4T A2 NMIFHERE2.0



L/min OFEES T Tl 62. 5 mm/s O T PN B ENT 2 EER O H BN 0 25 5B 6
lus Q/10 A 7 )v) TEBMEND 7 4T A PEREITASAESZR ST, Z2FE DB Tl 7 «
F Ay MERIFIZEN TRWZ Enxbho Tz,

(6) ICCD I AT OFNHER 72 EOIRGSLM 2B X TREFMOBRI L, 7107 A2 MNEED
RpfHIE e & 2 OGS O IME O 21T > 72, BT « 7 A > M 1 BIOKE TRIFFZIZEN
TZ U F LR EA R T, HUNEBED 5~10 YA Z7LOEETT 4 7 A v AT ASARESE
DB Z T2 LN oTz,

(7) DBD ® H Sl & DR IO BEIE 2 IR 572, A CMEIEN D 7 v —E~EB T
% & & OERMELEZFHE L7z, FUNEESH AFOHEIIC LV KEIT B S 5 7
H—HEEICZE L. Z OZALRHCIER A EE I 95 Z Lo Tz,



5 2 1 1

Taishin Sato, Katsuyuki Takahashi, Seiji Mukaigawa, Koichi Takaki 125

Influence of Gas Species on Electrical Characteristics of High-Power Pulsed Sputtering 2023

NIFS NIFS-PROC-125 28-32
DOl

Ryota Akaishi, Katuyuki Takahashi, Koichi Takaki, Seiji Mukaigawa 125

Observation of the stripe and filamentary self-organized structure of atmospheric pressure 2023

nitrogen microgap dielectric barrier discharge

NIFS NIFS-PROC-125 33-35
DOl

Zentarou Sasaki, Tsubasa Saito, Takaharu Kamada, Katsuyuki Takahashi, Koichi Takaki, Seiji 125

Mukaigawa

Filamentation of 2.45-GHz microwave discharge plasmas in sub-atmospheric pressure 2023

NIFS NIFS-PROC-125 36-38
DOl

Hisaki Kikuchi, Katsuyuki Takahashi, Seiji Mukaigawa, Koichi Takaki and Ken Yukimura 12(6)

Silicon Wafer Etching Rate Characteristics with Burst Width Using 150 kHz Band High-Power Burst 2021

Inductively Coupled Plasma

Micromachines 599
DOl

10.3390/mi 12060599




29(2)

150 kHz 2021

59-66

DOl

30 0 8

Zentarou Sasaki, Tsubasa Saito, Takaharu Kamada, Katsuyuki Takahashi, Koichi Takaki, Seiji Mukaigawa

Filamentation of 2.45-GHz microwave discharge plasmas in sub-atmospheric pressure

25th International Symposium on Plasma Chemistry  ISPC25

2023

2023

2023

2023

2023




Koichi Takaki, Naohiro Takahashi, Katsuyuki Takahash, Seiji Mukaigawa

Production of High-Density Plasma by 150 kHz Band Burst Pulse for One-Inch Etching Process

The 7th Taiwan-Japan Workshop on Plasma Life Science and Technology

2023

K. Takahashi, N. Takahashi, H. Suenaga, S. Mukaigawa, K. takaki

Observation of argon plasma driven by 150 kHz band high power burst pulse voltage

The 44th International Symposium on Dry Process (DPS2023)

2023
CVD

40

2023
EH

78

2023




78

2023

DBD

78

2023

Optimization of Pseudo spark discharge electrode geometry

2022

2022

2022

2022




Zentarou Sasaki, Tsubasa Saito, Takaharu Kamada, Katsuyuki Takahashi, Koichi Takaki, Seiji Mukaigawa

Generation of 2.45-GHz microwave plasma filament in sub-atmospheric pressure

11th International Conference on Reactive Plasmas, Gaseous Electronics Conference 2022(1CRP-11/GEC 2022/SPP-40/SPSM35)

2022

Ryota Akaishi, Ryoya Karino, Katuyuki Takahashi, Koichi Takaiki, Seiji Mukaigawa

Observation of the stripe and filamentary self-organized structure of atmospheric pressure nitrogen microgap dielectric
barrier discharge

11th International Conference on Reactive Plasmas, Gaseous Electronics Conference 2022(1CRP-11/GEC 2022/SPP-40/SPSM35)

2022

Takaharu Kamada, Masayuki Watanabe, Yoshitaka Nakamura, Seiji Mukaigawa

Characteristics of DLC films deposited by pseudo-spark discharge PE-CVD with different substrate bias voltages

11th International Conference on Reactive Plasmas, Gaseous Electronics Conference 2022(1CRP-11/GEC 2022/SPP-40/SPSM35)

2022

150 kHz Ar

77

2022




BSO

77
2022
BSO

77
2022

E-H

77
2022
2022

2023




2022

2023

PPC

2022

2023

CVD

2021

DBD

2021

2021




2021

DBD

2021

Hisaki Kikuchi, Katsuyuki Takahashi, Seiji Mukaigawa and Koichi Takaki

Burst Width Characteristics of 150 kHz Band High-Power Burst Inductively Coupled Plasma Etching

12th Asia-Pacific International Symposium on the Basics and Applications of Plasma Technology (APSPT-12)

2021

Taishin Sato, Shoki Abe, Katsuyuki Takahashi, Seiji Mukaigawa and Koichi Takaki

Influence of Gas Species on Electrical Characteristics of High-Power Pulsed Sputtering

12th Asia-Pacific International Symposium on the Basics and Applications of Plasma Technology (APSPT-12)

2021




150 kHz

36 (SPP-39)/ 31 (SPSM-34)
2022
36 (SPP-39)/ 31 (SPSM-34)
2022
DBD
36 (SPP-39)/ 31 (SPSM-34)
2022

(Takaharu Kamada)

(50435400)

(51101)







