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Abstract

In this thesis, a new planar atmospheric-pressure dielectric barrier discharge (DBD) with
and without a floating electrode is developed and characterized experimentally. Helium is
used as the major discharge gas and is driven by distorted sinusoidal voltages operating in the
range of 20-60 kHz. Parametric studies without a floating electrode are conducted considering
the variations of dielectric material, distance between dielectric materials, gas flow rate,
distance of power and ground electrodes, frequency and power output of power source. A
uniform gas discharge jet is obtained with the following operating conditions: quartz
dielectric plates, dielectric gap distance of 0.5 mm, flow rate of 30 slm, frequency of 60 kHz
and distance of power and ground electrode of 10 mm. By adding a floating electrode inside
the discharge gap, discharge current increases dramatically from 40 mA to 120 mA. In this
optimal condition a stable discharge jet is established using argon gas, which is otherwise



extinguished. By using OES measurements in the pure helium case (ca. 99.99%), we have
found that abundant N, second position (337.1nm) N2(C3Z: )—> N2(B3Hg )+ hv(337.1nm)
and NO-y(180-260 nm peak lines) NO(AZI_[+ ) > NO + hv(180—-260nm) exist in the
post-discharge region. In addition, we have also found oxygen atom (777 nm), which is useful
in applications. By adding a small quantity of oxygen (0.03%-0.07%) into the helium
discharge, the optical emissions at all wavelengths enhance as compared to the pure helium

case.
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«HRF (Radio Frequency) Powerig 4% * & 61 & > 4 i T & 1000(V) 1 ™ > § T 8 7

.7.

1

X

N

B o A0 o B B RE R 6 1500 24 0 ST T U - 2

FL o dedg F iR (SIOX) i3 30 o



1.3 ‘i’/fle'}'}éﬁ

1.3.1 % & DBD s#fgsg e 3 & ?

PR KT 2007 E e v ki DC RAERE S H FRFATFRFET R
(DBD) > # £ 4& < <t 5 32mm x 80mm hd T4 T AR FHE S HE Imme & %
40 sIm Ny #v > -] %+ 0.2%:h% 5 »if 2 F4(* 40 kHz &2 300 W & 2 ﬁ’!?’ﬂ‘]{f’?—" D i“f ITO

ML et fE A 0 B0 R eied]r LF S UV kspiktids s £ 08 3d OCP)e

pead

*m

LF A G IR P RN E a0 b 42 0.2%PF § B | ik 4 (25°)[Masahiro. et
al, 2007] -

FAARE R * RF 1356 (MHZ) L ik & > ¥ BT L (APPI)(W 1-7)7 24 R
’in C B AT FHALELR * g % (ceramic) ~ ™2 HMDSO 3 = 5g4~ (precursor) - #7 3 # &

# (Argon) & + % A& (electron densities) % 8x10°°m™ % *+ § # (Helium)«H 7x10%°m™> » 1

\“‘b
i

/V

”X‘T

" & F (Argon)+c § § (Oxygen)2 2 @ 4 » &8 (Fii A 4 WA 2 TR g §

3 (slm) > 4 i §4 % 2R (precursor)cng it & % 25 (scom) § 2+ ife i (Vortex) i = gt

N adEt oo i E 5 160 (sccm) o » i {7 E S FTIR % 4 47343 [Benedilt J. et al, 2007] -
AR SR E e $h2008F B4R R AR A L F A ek B R JE(DBD) kst i ¢ Rk st

e ol

\F‘b

’J"ﬁ

1\-3

—ﬂr

SN

=Ry

DCRmERE » 220108 Ef# &% ¥- AR* F
PPfilm » H -k & &+ 128103°"% 1 30° > @ "g?_—*ﬁ 24 ) pFenpE g & R dF 400

?ﬂﬁ@f—?}&i?i—

‘1""?
‘1""?

#2.-k 3% % [Chiang M.H. et al, 2010] Z fEA CBREEZ



Blmpawn o L E BT § TR DRI e e S4E. coli and B. subtilis i
",f c B Bk BB M A R PR ST F [Chiang M. etal, 2010] - » &7 - lghaiﬂ]{cgjx

SRS TR EF PR EF Y
132 $FATERVVELFRHELAR?

2010 # & WAABGR P F BT R > ¥ 2l DQOKH) TR =k E > TRTIES
By s T A R £ ¢ B4~ 485 3k eh Floating 7 4&(Inner electrode) £

¥ v

* (B 1-8) » 4r » & 5 Floating & &+ 1 ' X Breakdown Voltage £ 3 5 & it & >
TR E MR o A R o 328 He(F F )R R HoOy R F 29):3: Bl
R T AT & SR DT R whkend F o PRRe® G ok (] 1-7) [ Lee
H.W. et al. 2010] -
2010 & #FE ? FOF FRFHFRR Jf: » 8 * AC(10-60kHz) & i ik B B8 » T 14 §
%é?ﬁ%ﬁ’@%%ﬁ*%%ﬂagj?%?ﬁ’aﬁ%?ﬁ%@%—ﬁ@%%ﬁ%
TEHED PR SR OTRR  BFAIMELEFAY  FRE S

Self-Organized Pattern ﬁfgﬂj;‘ oM T ﬁfgﬂj;‘ A& 4 - ix- if channel e #E & > T A 1

A

Efa Sl AR S b 2 pE channel B g b 2 o TR A pF channel fiot g F A s 2 E

<o 225 L8 T "% pF channel i€ T " chi & [Feng. Y. et al, 2010] -

SRy

2010# ﬁﬁ@]é‘f—'ﬁ;{?%‘f@? 3]{’ '€ * RFISS6 MHZT BB R T g  » = 3]{’

o HZTHENTHER AR ZARE DT @3¢ B3 dielectric strip > 1 & #

= 2— ks A

fo A A2 RBDTH T AT NE F O

6

v

FI0g R £ o AT P ihA 4 48] hg

=k



TR 22 gd OESHERIFIF § kA 503%F§ & < et E0 atom (777.2 nm)/Ar

Sy

atom (750 nm) [Li. S.Z. et al, 2011] -
133 A3 P ik

B AT REIROY IR AT s fRY R AT AL R(DBD)R &

\\?{r

TABRF TR T TR RO PR IR R e FRR A

m
%

#FE G A LR TERL G R EZLRART T RE S foBRic R 5P
BR AT DT R H R F M

(a) 2377 Power 42 Ground $4& 5 F TR ahT N T e

=
i

Ire M RLDTH

2. % 2V W AR NT

i

(b) iw?ﬁw?ﬁﬁ%ﬁﬁﬁ:

LifF &F 3472540 FF Vo2 RAES])-
2. ¥#17 < <t (Powerg Grounderied ~ 4 T F iR engedg L %) o

3. +t $23 Floating % #&£7:2 3 Floating 7 1& -
4. 7 thzfl)ii ~ Poweresc & o

)o

Sy

5, kB RBRITRAEHFFTF ~F F

..7.



“% Fmo B

AF7 g i 5 DC pulse -¥ BT 2] 4 T AT % 4 (DBD - APPY )k it ()
21)» A &d A AMAEA 5 F-oMpPpEAL § DCpulse THEBE - THEAAT

TiRE FHMER R 5 20

4
1f“tﬂ
g

PIRE s

N

Fo R BRRTR VB kAR

2L R PR A 2 k2 R (OES)R BT Bk £ I o

>

21 ¥BREFIUATFHEFTHEA(DBD-APPIR &

FETHFAATFAEFER FA(DBD - APP)#r A 4 s & > >+ Townsend
discharge # h7 i ¥ *< % % (abnormal discharge) - T3 § 22303 4 T L B - F
@ % e fi T FHES Ceramic (99.5% AlOs) ~ Quartz (99.995% SiOy)..... % » # B E_5
TELA THREERT 0 AR T A DBD R R G S g kTR

AL TR B g F 0T

211 ¥ BT # DBD % & & 3t

¥R J\ DBD & &3 3+ (4r® 2.2 &2 2.3) #7710 A 3 Kk - h Power © &% Ground
TiHs P T AN T P 2 LR Power RRF T T B Eic gy Ground R R OEE
> Power 7 & i * ‘=4 H = < 5 (50 mm x 8 mm x 15 mm) > Ground % &~ &_i# * ‘=4F
H e+ % (50 mmx8mmx10mm) : & ?%&F&H\ﬁ/fjﬁﬁ ABETE R A T HRE

FEACE R A SfRRLZ %R F P B r Quartz (99.995% SiOy) & Ceramic(99.5%

8



AlLO3)en /i T E L — B 7k THRE 4% Arc * > 3 ¥ * 4B A JOR P R § W ernig hr
+(0.2~03-05-0.8¥ 15 mm) - ¥ ¢ %3+ Floating 7 1&(@ 2.4)i * 485.(1 mmx50
mmx15 mm) i 450 3t i (p=0.5 mm)*c & > jnig ¥ > — =& Power £ &7 £ b % o

¥ - #4¢ Ground R RFEHE 2 mm GREE e
212 DC & REL A

#1i¢ * e DC quasi pulsed 7 /& & & B 2 d EN Technologies Inc.(Model Genius 2, 4
B 2.5~2.6) % (74 F 5 20 kHz 3] 60 kHz » # = ﬁiﬂ A B 5 15 kV (peak to peak) 5 &
AL 2KWo RIRRAS S L B S BHET B R (R 27) 0 AR KRE

BTRHR AR

F RSk 3bd 5 (Helium) ~ & 5 (Argon)£2 3 5 (Oxygen)4s g5 d 33 B R (4o @

=

2N FHl e B4 5 5Ky & FF g e (MFC) iz 4] £ (4B 2.9) 0 ¥ #-+ § 5

# (Helium) ~ & # (Argon) 7 /2 & [/ £ F § (Oxygen) » & d ¥ F @ &5|a AT FL

F2ZERE > S HFLIRATETT NS ATF I EHFLBAL TR -
* f
214 RN
ARG AR R AT AR E 2 (R 2100 F A1 § A BB S

Fo EMR RS T RPN ST R R hE TR S - R 8o

B2 TROFAGS PR BRI F N LRI RN GF i
9



22 FHAFRE

DCpulse T imikdet 2 3 fixr— 2 g BT A2 TRk * R Apfap ikl §
A5 A FERFBRERERTRERT IR FERR T JRRIenEL £ R
PORSUE AT ERITAEAR > T R R(OES)E IR St M ek ehj £ (180-900

nm)e 3 Jf: #r1 Rotation Temperature H ¥ fm el 4o F o

221 Hpipip

i * Nikon ¥ p% 4p % (4- B 2.11, D7000)4p #% post-discharge 77 ﬁfgﬂj;“ VR B

m-ﬁ"ﬁﬁ%ﬁ'{ d ;}’p%‘\:fﬁ'— j]{’g‘f’]:l};\ s 117 ﬁ;’;": f}]{’r‘f’l%ﬂ' o
222 1-V & &R

FRLE > R EROED TR PAA T RPFH LR TG ThiFLEI LS
B AT ey TR 47 ¥ (Tektronix P6015A)(4- B 2.12 #p|i¢ * %= Rogowski coil(IPC
CM-100-MG, lon Physical Corporation Inc.) (4- B 2.12 H 2551 3 7 4 B (4rF 2.12)
Power cimcd g i % ¥ — 83 2 2R > SRRV P B- Bafg BOT F(Cyh=6.8 nF) (4

B 212)x £ R ETRE - & H-H &g £p0T B ETS Lissajous Figure(d- Rl 2.13)

St

[ Wagner H.E. etal. 2003] » * B H o v 42 & T %? -3 W E s LR
223 R&UE R

@ ORAUE R (W 21D B RIT RN T A 2 i HFHE R (TR R

10



g Rl R 4 A2 0°C 2 400°C -

2.2.4 %3 %(OES)

A% KERFRD j]{‘%;g;%%fu;){ # (4| 2.15) » = * H sk % (Pl Acton SP 2500)

M7 T ¥ (Hamamatsu R928) » fid kil 53— 1 iR i iRISF -8RI 5] ek ¥ 30

5.@w OES ¥ i % fiflizedr i {7

vy

chg 4 4 & Ed

a

THAv R I T F

e

SR T - kR R ) 0 R

s e

FRfE s B£58 35 0 7oA B e A T 2 R R E M N PR LB D B A PR L 2

(excitation) ~ 4t (ionization) ~ ¥ 3 & #v4 2 gz (dissociation) » H ¥ jeu i

7 FEE 0 4710 ¢ k54 de-excitation # relaxation =7 VK v SR Fh G B RS 0 B IERE

FENF ARG E od N E - AR S aa PR 2R st ik

Lo

2 ARk o U gt - APE i Ed BRE SR A R AR R T g g
R ER R

I

11



F2F BEREH

RS2V ER

3.1.1 Self-organized pattern discharge

AFT R AT 4T3 5 Power €42 Ground TR A F B R T 4 AT
FRAE(rR 22)8 2007 FEEY AE KR OTE HF L THYR o
Ground # & > E& AT > A & 7 Power 7 &2 Ground 7 & A 24 T jﬁfﬁqj;‘ SR 7
(4-®) 1.10) [Feng. Y. et al, 2010]> @ * 4= 3 P H 2K 3+ #-T Jf:éi * Ground F & (s B (4o
Bl 22~31) SR TRT HF S AWERTE S %0 P OF LRI ER
LR R

FoARRGEOEE (e d 31 FHRFRT RS ER - A - LS (bW 31
32)> AT J]% j3 kF % 5 Self-organized pattern discharge - i¢ = = 'Jf\»— k- kR F] o
& 7] 5 % i5 % 4 (Lorentz force) #r7 K BRAB T nB PRz A o 7 G AT
’3]% k&I gFR G s 4 (Coulomb repulsive force)[Niu. Q.Y. et al, 2007] -

B R Rk BT o b g 24t 20~ 30 ¥ 50 slm > 60 ~ 90 ~ 120 ~ 150 ~ 180 £ 200
Wo & g R B Ao P J\mChanneI e AR ’]\»ﬁ T ER J]% & A7) (4
B 3.3) AT IUFRF FHR A T ’J]{rz'v’ﬂChannel Bcg (4ol 3.4) 0 H-H xR iy

FERT FRPREIE R Y B & 2 SH(4-R 3.6) 0 £ 5 20 kHz £ 60 kHz ** 50 sim



% channel #cdz 30 slm - eni) ¢ 25 (4 @) 3.5 2 3.7) »

FoF P adf g o 0t 220 ~ 40 &2 60 kHz - S FHE S et 2 H 4 e Channel #ic €

—*

A (he®] 3.8) 0 R-H o BE Bl BFILE U BRRGIEE B B S L 2 Bk (4- B 3.9
3102 311) > m b 5L B2 ;g%@égﬁﬂ? % %% 7 40 I 2 484 [Feng.Y. et al, 2010] -

Sk FeRlE O RS TER T A G R SR T RO R RS

EMHr#d 32 FH A2 -] m?djli‘gf\ ; l*ﬁ?ﬂ‘]{’ Vs |V P MR E A o
312 % F A R H R R

A FHRFRAEI P DAL THBEERFT RS TR HRGF 2 FHLE 30

sim % # (99.99%) ~ #7 & 60 kHz » v #&3 8 /1 & 44 £ Quartz (99.995% SiO,) ¢

Ceramic(99.5% Al,03) » #R {4243 I enst o d F 3‘]%11;;“ (4-@) 3.12 22 3.13)enk R L

34

M % 60-120 W B > M 5 ﬁ??%ﬁi'”%éiﬁﬂ?ﬂﬁ&l&— A-dkomEELA

RFHEGAL T RATREISF PR R A RER PR LML R FF &

—r‘#:

(e=10)* > FE AT HFH¥ #(e=3.75) N2 FH BAXB > R4 - TRT &l 2 i 4
AXG AN RB2ZTH O TV REGFTL SR TR D g F - R R H 4
3150 # 180 W B L L 7 5 S g o A1V LB (4ol 3.14) » AT g ot

¥ 60-120 W p& Quartz (99.995% SiO,)£r Ceramic(99.5% AlOg)eni i TR B4R L 7
5oy A4 150 8 1BOW pF > TR ESEL BN o @ 1 (Ceramic) A 4 hT R T

e A B E(Quartz)edggt o d 1 Atk > FEATASET ’J\iﬂi e RS

BT ROIRSH FEL AL THE
13



3.1.3 Dielectric distance £ § 1 /n £ 82 5

o F %M ¥ 3 I oo Dielectric distance ¢ #2557 ’J]%z'v’ﬂj;“.,%? i F ki
5 % # (99.99%) ~ Quartz 1 mm ~#g 5 60 kHz > 7% 1 #5341 % Fe 2 Dielectric distance 0.2 ~
05-08% 15mm> =~ # &7 e & 60-100-~120~150 £ 180 W > § =% % 3 Dielectric
distance 0.2 mm & ;2 2 4 7 J]% % >03-~05% 08 mm ¥ ¥ 1A 4 uniform (07 ':Pf\»(izrgl

3.15-3.16 & 3.17)~A * ffgx_—*ﬂf PEB AT LFERE T Jf;{ RS ER R (F E R

P58 4 T 8 enlg > Dielectric distance 1.5 mm(4- @) 3.18)pF 7 g M H T Jf: 7

=3 5 3 ’* RO 2333 od THDERBEZHEF %S S F MY Dielectric
distance e ¥ pFH THTRR 7 < (4@ 3.19) » 7 TR TR 05 mm pFf - 4 &

(4-®) 3.20) > 7 J*‘*“mag gy i 0 AT T K en@ % ¥ ¢+ Dielectric distance 0.5 mm &
(SR S0 R

RoRFRED b flow rate g X FT RO ETH > FHRFEFLL 5 5
(99.99%) ~ Quartz 1 mm ~ Dielectric distance 0.5 mm » #X & #2417 F =g & 20 ~ 30 ~ 40 ~
50 22 60 kHz » & 3 # 7 I e flow rate 10~ 15~20 22 30slm > & & H /i » %] 5 6.668 -~
10.002 ~ 13.336 £ 20.004 (m/s) > & 7 fﬁ%%;‘ FUFREF AT AT % € g et i

£ o ie £ flow rate 10 (m/s)& 2 & 2 TR - §

&

£l

¥

R A
2 g

a

SE R LR
A Ground ¥ 4854 (4-F) 321~ 3.22 323324 & 3.25) » H R F|F 4 F L T HEK A
R 22) Fr G A BREE BPTE G A P LA TR A2

2% om 2050 & 60 kHz Al s fap v 5 — #3523 0 Jf: A (4c @] 3.21-3.24 &2 3.25) »
14



30 &2 40 kHz Pl 5 22 7 393 hF in h(4e-@ 3.22 &2 323) o d Tk REZ > ¥V U

FIRG R EAR IR RL A

Rubg

Frc s THTMA ZABER D ¥ -
i i 2050 2 60 kHz 2] i idp i1 5 — #3523 HT R A (4§ 3.21 324 82 3.25) - §
flow rate = "% pF ¢ 4% T T g A (4-B 3.26:3.29 22 3.30) » H_F] 5 F 4w (10 slm)

PR AR LS F3F § n (number density) § T ¥ > @ i@ E/n (Reduced electric field)

b R e f R TR SR S S R S TR g 2

34

$ 4R 5 30 & A0KHZ I 5 m 353 R A (4o 322 91 323) » 127 B

AR (4oF] 3.25 27 3.26) 0 £ ¥ i R FIH T A S - P SR
T - R a2 o

3.L4 4% 2w & el

?%ﬁggﬁgfﬁ/g;?gﬁ N8 1V T MR s A4 20304050
22 60 (kHz) > o ?ﬁfﬂj;““‘ BRI F — B AEAES (4B 3312 3.32) A d |-V i

BE RS T e A A RT A S A BEIRIE - FANR L4 S 204050 22 60 KHz (4
F] 3.33+3.35-3.36 2 3.37) > 30sIm 1§ # £ 7 % 60W chifin > " e B 4 5 3

03 pus  HEEFTRAET L A1 - B AE > § RS BEEET

o
fﬂm
_*3
*ﬂf
F_
beic
>
&=h

R
—
it
-4_.

%
&4
'3;
)L\
o
Eﬂ
B
A
H-)‘X‘
|
‘)‘3“
"
Eﬂ

i)
*
[
Fi

A
m

Bl K BKT S R BREFRRR) SEREERAL DR TR

Fm p ER MG PR R MT R A& § %5 displacement
15



current(E T R E A 2 fx cnit) o ¥ - AR 545 5 30 kHz (4-® 3.34) > 30 slm 04
FEFHFOOW i, HEBRap A2 g sgiur sz RSB L FEszg o g
ForRAALCARGETIA S RE T TR DE R IRAENF &R
f# 30kHz 5 ' § 3 4ot -V R LR -

RS HET 3]{‘ -V & M@ 58 22 % 7 I orig 5 20~30~40~50 ¥ 60 kHz > 30 sIm

4 § TR (4B 3.38-3.30-3.403.41+342 ¢ 343) 7 v M R Tk B2 20 kHz
$F A B30 KHZPEY 5Bl o H 4k AOKHZ EE R TG 2 A eniR s BT
%3 5 502 60kHz H 2 B § h s § + 2 efbm @ APEFT 7 4 60 kHz » .55

FAEORT T DT RO RIS 3 (boi 3.31) o

7

A

»EHT

il

>

255 T (FAVARC 'inqu;“l;/’i’ -V % M3t 0 i 2 34 60 W(breakdown

Voltage) ~ 100 W ~ 120 W ~ 150 W & 180 W 230sIm % 5 ©

A

P AT R

,z&

oot AT RL R AL (4R 316) > d TEET 0H RMU-F 3.38 - 3.39 -

340-341-342%343) sgx# Fent A HFRAET RE Y = g g o

3.1.5 Power & &% Ground % &EEdE g

e Power ¥ 1287 Ground L HEFEHET T K 0Tig DR 2410 = L Power €
&% Ground 7 1&FE3 10 ~ 15~ 20 27 25 mm > F .2 % 3 RS 5 25 mm pF R aE 2

AR A o B 344 ZfaEdpd S 60W A4 TR viEies 5T 0 4 Breakdown T

34

REFREAL 4o m B 4o TS REALE I R RO S T A TR

Il o e . R Rl
16



316 4§ §

AT F e F TR TR R S 0060 00001-
0.03-0.05-0.07-009-01-02-03-05-07-09210%0, > ¥ FH=z 30sIm % § -
Dielectric distance 0.5 mm ~ Quartz 1 mm ~ #z & 60 kHz 22 120 W - H 9 2 & & o ?’3]{711}
AT 005 AL (4] 345 £ 3.46) 0 § § F bl %e 0.03-0.07 % (9-2L scem)O; v FF T KT K %
Y 43y oA FF F 42 0.09 % (27 scem)O; 7 ]\F'“ﬁm.lﬁt O G =
3 3]{‘/,}1’{» P FFFH 42 030507092 10%0,% l\ézrﬂiﬂ’f’%p— LS

® g R

3

Rl FEH A FREFLRTEP A ATRES - ARAA5 F

@H
£

ﬁ\g

FETUTRERIT I F R LG o0 1V TRR(ER 347) 0 X L3

(‘m

i%LL&IJ,?éY%{?"jﬁ?‘IﬁLE, iéY%{?’]\;ﬁ@m ,d g]—j'/’%lﬁ,féﬁ%t)\ y

B blng §(<0.09% Q)P T g F A - Bh A EFF AN F F 0 TINEF

En

gfﬁﬁ;&":“ﬁé‘f’liﬁsz P RBRAI 2ARFE o F Arr DR BE § (< 0.09 % Oy TR

ETH BT T F 0 RREE VD kR o

3.1.7 & %\:115:*;; ) EEE S TN

T ﬂﬁvb}i?iﬁzié’xfﬁﬁ] i F 7 ke oenxt 560 ~ 100 ~ 120 ~ 150 ~ 180 £ 200 W -
# ¥ 2 _30sIm % 5 -~ Dielectric distance 0.5 mm ~ Quartz 1 mm £ #g & 60 kHz » & #-% 3
% Lissajous figure (4- ] 3.48)> ¥ 3+ 5 H 6 5 5 s B (4o B 3.49) [ Mahoney J. et al.
2010] » AP F g IR F 60 W pFseF 5 51 %0 g F 7 Fensibean g2 R D

17



L

28% > & I LG TG ehE F NG é":a‘]{rv;»];: PG g S et SN .
3.1.8 Floating % &8 5

frid N 22 88, F 7% 2 Dielectric distance 1.0 mm -~

B

w3 Floating ¢ &3 T 4

7

Quartz # & 60 kHz ¥2 30 sim % # ¥ Jf: » Floating & #& % — 47#.(1 mm x 15 mm x 50
mm) > 3>t 4ER F 4E50 B @=0.5 mm jF - #-4t Floating £ #&*c & Jnif # & Ground &
BB 2 mm iz g (4oB 2.4) 0 d T ' 5255 (48] 3.50 & 351)% g m+ ¥ 5 Floating
T § % ’3]%%“%7’7?&# % 3583 o d |-V T (R 3.52)7 g mF Floating 7 &3
BREg3 2 A LRI L 0 2 LF)5 G Floating T f&drfe "2 i1 Power T 124

Ground % & iPBESEE w0 G 3dm2 R - R g A R RL I 0 @ 2010 # § WA Y B R

..7.

.7 Floating & #&7K 3 ¢ Floating R & T 3z B A 2 < v F > Flt ¢ /A T Jf:
v e fis[Lee. W.L. et al, 2010]- — #&+- # 7 Floating ® #&*t & # ¥ % % M2 7 Floating
THREEAL T ’J]{r(?,@ 56 kV > % /i 40 mA - displacement current) » ie i€ * Floating &

BT AL EF TR(TRE6KV > T 120mA) (R 3.53) -
5]t {4 2% § % (post-discharge)z. ;g & & i8]

R R ]\/.w.}i 2 S AR ]\ £ (dr# 3.3)30slm % # ~Quartz 1 mm-~Dielectric
distance 0.5 mm ~ 60 kHz 22 120 W > ¢ * & &> ;X £p] > % - AL FH K E B Z=5 mm -
NO - y 7 Rotational Temperature J* & .5 5 7. ’3]%-;}%’.}*;[ Bibinov N.K. et al. 2001] » ¢ Lifbase

¥ #c %8 Bt Rotational Temperature % *+ 340 K (67°C) (4-®] 3.54) » % = f&5 ;% i¢ * -k

18



LR R E BRI B X $hE Z fheiif B (4o 3.55) » £r416E 2 Z=5+ 10 ¢ 15 mm >

X=0-10-20-30-40250mm > £RE% Z=5mMmEFER A 65C 2 +2 NO -y
Rotational Temperature 9 67°C £ 7% % » = P -K4UE A B RIE AT £ Emlit > Z=10
mmpEE R Ge42CE2+ Z=15mmpFE R G306 C2+t 0 2727 jft ¥ A 70°C 1

T TR A RLRT U AT AT R D A % wf R R A
3.3 kA4

k3 ik g Jp| Post — discharge ek 3 & 455 » -k § 224 < o

\\\Xr

4

v —

71L& R A 5 Post—discharge 7 e Z#heni= B K F Bl 478 4 2 2 0t Bl § i

(7 4 47 (4 4 3.4):
331 § §F TH2A ¥

AR

Sy

T 3]‘%"6?& R T RRT NPT EFR TR R ’J]{fﬂ: T e
(Post-discharge) ek 33 43 14 (4-B] 3.56 ~ 3.58 ~ 3.61 £ 3.63) » 7 % it s 30slm g F -
Dielectric distance 0.5 mm ~ Quartz 1 mm ~ #f & 60 kHz ~ 7 5 120W &2 FHz. Z=25mm »
T Rl% % > A &5 HeGroup (501 - 587 ~ 668 £ 706 nm) ~ N, Group(315.9 ~ 337.3 ~ 357.6 -
380.5 £ 391.44 nm) ~ NO-y Group(191.42 ~ 198.54 ~ 215.49 ~ 226.3 ~ 236.6 ~ 247.3 ~ 258.7 ~
267.22 #2 271.32 nm) ~ O Group(406.05 ~ 427.56 ~ 434.2 ~ 777 #2 844 nm)2£* N 111(420 nm) >
H € 3 Nz Group ~ NO-y Group £ O Group £.F1 % % # (99.99%)4# 5 @ 97 ¥4 (3 § &
k) R FIEGd £ p] Discharge ¢k 3 (4- ] 3.57-3.59+3.62 £2 3.64)> >+ Post — discharge
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K E 3 %7 NO(191.42 ¢2 198.54 nm) ~ OIl 434.2 nm ~ OH 309 nm % 17 2% 3] (4e
@] 3.60)[ Akamatsu.H., et al. 2011]#2 N, (357.6~380.5nm)3 Bz 5 + 2 H v kg gT

%289 % > #7040 Np Group ~ NO-y Group & O Group # 7 & % 3| 07 § B 54 3 0

B

ﬂ

AOEARFLN AW TR e

Post — discharge - 3# # 5 He Group ~ No Group ~ NO-y Group ~ O Group £ NIl »

4), iV %Q;;E;;L@( » T & T

3

LA %‘—;z‘f;%&ﬁﬂ;‘;ﬂlﬁﬂé‘fﬁ J& » He Group = 12 668 nm ¥

706 nm A &AE o RI WAL g AT > Ny Group 12 337.3nm 2 39144 % 3 > N

A
’
=H
7
3
W

LIRS REAL L F AR E N (A ) N, (CPY ) (4
3.58): @ Nz(Csz: )E: 8 NZ(B3Zg ) 2 5 ey FE 2 3y % N, second positive (337.1 nm)
(4= ® 3.65) > N (391.44 nm)( NZ(B3Z: )—>X2(A3Z$ ))B] &_d4 Penning ionization
(He"+ N, > He+ N, +e )£ charge transfer (He" + N, > He+ N, )~ B A 2 > ;LA f&
FRe™ ¢ &2 He B3 > NO-y Group Bl ¢ N,(AD ) NO 7 jka & 4
NO(A*Y " )» NO(A*Y ") #-w NO i 3z} 5 (180 - 260 nm) (4= 3.66)> O Group 2 777

v

nm ¥ 844 nm 5 i » H

fﬂ

s R Y s R+ o i & Penning
ionization(N," +0, > N, +O+0)a &4 O k+[ Park H.S. et al. 2010] [ Hsu Y.W. et al.
2010] -

£ |7 F §E#2. Post— Discharge =% % fr enjEdgp Z2=25~75-125 % 17.5mm >
e J]% £+ % 30slm % 3 % - Dielectric distance 0.5 mm ~ Quartz 1 mm ~ #f 5 60 kHz £2 7

F 120 W(4r®] 3.67 ~ 3.68 ~ 3.69 & 3.70) » & iPl5% % 2 & 3 He Group (501 ~ 587 ~ 668 £
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706 nm)~N, Group (315.9+337.3+357.6+380.5 £2 391.44 nm)~NO-y Group (191.42+198.54+
215.49 ~ 226.3 ~ 236.6 ~ 247.3 ~ 258.7 ~ 267.22 ¥ 271.32 nm) ~ O Group (406.05 ~ 427.56 ~

434.2~777 £ 844 nm)= N Il (420 nm)» B % " FEEdgang < 2 ’]\»iﬁni WA )

2R3 F ¥ 4 vt b2 Post — Discharge (Z = 2.5 mm)eng 8 > (2% 7 I g § L i
pure He ~ 0.03% ~ 0.07 % ~01% ~03% -~ 0.7 %% 1.0% > H<if* 5 30slm ¥ § 5 -
Dielectric distance 0.5 mm ~ Quartz 1 mm ~ #g & 60 kHz £ # % 120 W > [ 3.71~3.72~3.73

£ 374> 5 NO-y ~ Np Group » He Group £ O atom 5§ % # ‘- b R % - B > 7 R

be o BB T (0.03%) 0 § B e 2 Il & 05 1 2 g L 5§ 4 R

=y

# ¢ A 2 penning effect crocji > 2 2 Jf: PR PFHL S € B4 0 @ F R T el Ao 1R
RFRE? RS PFL RED G O & FF F A - BB RO R 393
(4o 3.45 22 3.46) 0 |-V 7 - BI(4c Bl 3.47)s ¥ i3 Mbe » — BELF F P T4 2 1 A
AR c M REFF F O BFE R AT R R P AT AR F ;ﬁ?i‘l?ﬂf&

§RAR S 4 Pl RS 0 d Bl 345346 & 3.47 7 11 LF TR 750 -

‘E\

i - F T RSV L ALR SRR BT g Yang S. et al. 2004] [ Leveille V. et

al. 2010] -
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Fri RRplRk

AT R FHEI D Power 742 Ground R &5 T AV DBD TR TR R
FoLAHAS L FRIEL D A RGFEARRE S R Y Quartz § T4 T FHM S A4
W23 2 RO RN TF A B(=10)2 o e - TRT o fRiE 2 a7 AR
TR aé#?ﬂjﬁe}\%#— £ & o gens % o @ Dielectric distance % 0.5 mm p# >
d -V IERFRF RS2 TNE RATRFRFDOTIATA -

RSV A e 58 3R 60 KHz PR T A o SR T ZILT T LA A RIFS mé‘ijﬁ

(4-@ 3.31) > @ = £ 0] £ 7 30 sIm He >+ 60-180 W # ¢ 5 3] § Herfsem A4 % 7 487

By

g R K v 7 e e Power &2 Ground sOSEZEEF LA IT Z 10mm T 0t M BT RE
TR LIRS T e F oy § i 520 (el 3.49) 0+ BRI F S

St ARG ROTRET B P2 AEF - R T Floating & ek #- Power £ Ground

TR AT 0 E M A T AR F M JEE > A 4 RE n i J\: & (40 mA
—120mA) » FI¢ A s AL 2 G HBAr TR -

Bl itplEad § TRASERSG R ® OES £ Z=5 mm 2 NO -y ¢
Rotational Temperature = 67 ‘C£-R4LE B2- B FIE B> 60-70°CAp 8 & > R A K4TE B
SRR E B P72 Z $h(10 27 15 mm)eg B 4237 40C 2+ » { N4 1 3

RERT VU R BRI T A AL o
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A1 FF & > He Group * r2 668 nm £2 706 nm 5 i & 31

e T

%

h
L9

12

W

o kIxALag AR+ o NyGroup i 337.3nm £2 39144 % i ’Nz*v??ﬁf\»t’

S A A B AP eeE N (AT ) B N,(CPY ) (4eB13.64) 0 A N(C*Y )

H3 N2(B3Zg ) 14 ey B F 3 4k N, second position (337.1 nm) (4@ 3.64) -

N; (39144 nm)( N,(B°Y " )— X2(A3Z; ) ) Bl & 4  Penning ionization
(He"+ N, > He+ N, +e" ) charge transfer (He" + N, > He+ N, )* B A 2 > ;LA &
* ¢ F A 4 N; (39144 nm) > NO-y Group R £d N,(AD )& NO F jka &2
NO(A*Y " )» NO(A*Y " ) #-w NO i 3 1} % (180 - 260 nm) (4= 3.65)- O Group 2 777

;‘{;;‘rﬁc’ 1§ A4 7 Penning ionization (N," +0O, - N, +O+0)m &

i

nm : i H§ 7

BAA O RF o ,’é?i_{i&;gljf‘;ﬁ.ﬁq}g% ,]\,;\4\3)\7,};@&]]' 3?517 » O TR e &

0.03-007% =+ 3% § ¥ N A2 I3 T Jli"*’ﬁﬁrs AR e 0 T 5 d OES & B~

[PE-EE Y

11 ¥ 3 NO-y ~ N2 Group ~ He Group £ O atom > %t ] 0.03-0.07 %3 § +

VR Y PR S I L R RO PR RS S T Y )

penning effect s»c i » @ 2 7 % PR PFHL S € R4 0 @ F R e S R %51;4 )i

PR i e

2 _\: kg B A gQrS 1 P
yEAR- 1 A &d

Sd APy BT 1 fRE B SEHT J\m?. f}fiq/; & -V S

B OES B RIAYT > 24 B RO R S8~ HREFTRICRMAGEFT

W»

\\\Xr

AR gt TR -
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42 23k

(a) A4 47 % % OES ###](Ex: Ozone ~ NO,......etc) » £ FR* # § -
() MEFRIFFL AT b SB(ARTHHE HF S F F 006

(c) Floating & &ezcie » 74 B Air 2 K3 o
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Plasma Gas

He

Power supply

DC quasi pulsed

Dielectric material

Ceramic 1(mm)

Dielectric distance 0.8 (mm)
Flow rate 20 ~ 30 ~ 50 (slm)
Frequency 20 ~ 40 ~ 60 (kHz)

Power 60 - 200 (W)

#1631 RIRIEIE =

Parameters

Varying operation conditions

Fixed operating conditions

1. Dielectric material

Ceramic 1 mm & Quartz 1 mm(60 - 180 W)

.30 sImHe
. Dielectric distance : 0.8 mm
. Frequency : 60 kHz

2. Delectric distance

0.2,0.3,0.5,0.8 and 1.5 mm (60 - 180 W)

.30 slmHe
. Dielectric material : Quartz 1Imm
. Frequency :60 kHz

WNERFP(WDN -

3. Flow rate, Frequency and Power

Flow rate :10, 15, 20 and 30 sIm
Frequency : 20, 30, 40, 50 and 60 kHz
Power : 60 -180 W

. Dielectric material : Quartz 1 mm
. Delectric distance : 0.5 mm

4. Distance of power and ground

10, 15, 20 and 25 mm (60 - 180 W)

.30 sImHe
. Dielectric material : Quartz 1mm

. Delectric distance : 0.5 mm

5. Add Oxygen

Oxygen : 0, 0.03, 0.05, 0.07, 0.09,
0.1,0.2,0.3,0.5,0.7and 1.0 %

.30 sImHe

. Dielectric material : Quartz 1Imm

. Frequency :60 kHz
4. Delectric distance : 0.5 mm
5.Distance of power and ground : 10 mm
6.Power : 120 W

1
2
1
2
3. Frequency :60 kHz
4
1
2
3

6. Power efficiency

60-180 W

1. 30 slImHe

2. Dielectric material : Quartz 1mm

3. Frequency :60 kHz

4. Delectric distance : 0.5 mm
5.Distance of power and ground : 10 mm

7. Floating electrode (A)

without floating & with floating (60 - 180 W)

1. 30 sim He and Ar

2. Dielectric material : Quartz 1mm
3. Frequency :60 kHz

4. Delectric distance : 1.0 mm
5.Distance of power and ground :
10 MM & 2 mm

# ¥ 3.2 Post-discharge % ’J]%;‘E'Jgéé RN



Parameters

Varying operation conditions

Fixed operating conditions

Temperature

Xaxis : 0, 10, 20, 30, 40 and 50 mm
Zaxis : 5 (Trot), 10 and 15 mm

1
2.
3.
4.
5.
6.

30 sImHe

Dielectric material : Quartz 1Imm
Frequency :60 kHz

Delectric distance : 0.5 mm

Distance of power and ground : 10 mm
Power : 120 W

# ¥ 3. 3 Post-discharge & ’J‘]%-;}%’.}i PR E

Parameters

Varying operation conditions

Fixed operating conditions

OES

Post-discharge & discharge

.30 slmHe

. Dielectric material : Quartz 1mm

. Frequency :60 kHz

. Delectric distance : 0.5 mm

. Distance of power and ground : 10 mm
. Power : 120 W

OES (Post - discharge)

Zaxis: 2.5 (T,y), 7.5,12.5 and 17.5 mm

30 slmHe

Dielectric material : Quartz 1mm
Frequency :60 kHz

Delectric distance : 0.5 mm

Distance of power and ground : 10 mm
Power : 120 W

OES (Post - discharge adding Oxygen)

Oxygen : 0, 0.03, 0.05, 0.07, 0.09,
0.1,0.2,0.3,0.5, 0.7 and 1.0 %

NOo R WNRIOOOMWONERDORMODNE

30 slmHe

Dielectric material : Quartz 1mm
Frequency :60 kHz

Delectric distance : 0.5 mm

Distance of power and ground : 10 mm
Power : 120 W

Z=2.5mm

Voltage (V)

%14 3.4 0ES T il

an 'l L

107! 1 10

pd (cm Torr)

10°
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cuthode

corona discharge

transferred arc drift region

(@) b

(c) (d)

M1l2 %R N T & A58 (@) T B L E(Plasma torch); (b) & sk c ¥ (Corona

discharge); (c) /i T F A4 jic*<c & (DBD); (d) # BT % # (APPJ) [Schutze et al. 1998].

High-voltage Dielectric
electrode  barrier

7

Discharge gap

High- Dielectric
Vﬁ"ég Discharge gap E}am:d
rou
generator electrode

electrode

B 1.3 AT F Ay (DBD)& T & & 48K 3 [Schutze et al. 1998].

Electrode
Plasma

777

Su bstrate

Rotation

Bll4 AR FREYRT %(DBD) % $t)[Masahiro. l.et al, 2007].



60

40 -

Contact angle [deg]

30 -

20 1 1 1 1 1
0 0.05 0.10 0.15 0.20

0, /N, [%]

BIL1.5 7 3 § " o2 &&fF & ¢ & B|[Masahiro. l.et al, 2007].

5] 0 mm

+ gas+Ar
T |

E o
+—— gas + Ar
L HelAr

W16 ¥ &L L(APPIsA « si[BenediltJ. et al, 2007].

Pawer supply
I/“\I (Quasi-pulsed)

H-¥
Oscilloscope probe
{1:1000)

Gas flow

1 PR

Rogowsk: coil/
Wolage probe
R lasi ¥ (1 )
Teflon
——uariz
- : Copper electrode =
C (6.8nF) |+ {with caoling _1:? z
water) é’ E
= &
e
L4 .

B1.7 ¥ &L 5 L (APPI-DBD)4AE & s [Chiang M.H. et al, 2010].
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Monochromator
Outer electrode (Out-1) PMT/CCD

Dielectric tube Out-2 < Optical fiber

Helium
—— &l —
injection

Inner electrode @‘ <G

Lol

_;.-'! 4kV, 20 kHz H,0, injection
@ every 30 sec.

B1.8 ¥ BT 31% & (APPJ)4z55 % s Lee H.W. et al. 2010].

15 minutes

20 minutes

Control Plasma

B1.9 7 & SET Jf:i v e i ][ Lee H.W. et al. 2010].
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lmm} sfn

o gas inlet <:‘.:BII

flowieter
23min
_;E_.-. ______ HE Sy—"

12 7mm / quartz tube

powered electrade

plasma jet
R

S /

quartz plate/
oscilloscope

stainless steel plate

] high voltage
probe

cwrent
probe

1. 10 Power£ground ¥ f& = + T A58 e R T Jf: % ¥[Feng. Y. et al, 2010].

BI1. 11 JRsg 5 R 7 e Jf: v #iz @] [Feng. Y. et al, 2010].
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Voltage Monitor
————————— Current Monitor

\ Matching|
Network
Water Out Water In
FT‘ ’1—“_| 13.56 MHz

lﬂ.l'l'lu::it I

Gas In
L= e

Water Out Water In

B1.12 T4 & 4§ FHERFE R - B[Li. S.Z etal, 2011].

-y
o

—u—0%* (777.2 nm)/Ar* (750.4 nm)
-4—0%* (844.6 nm)/Ar* (750.4 nm)
L]

P

L anl [

£ 30 \

z ™

S

= N\

- N

IE i\. \“‘-‘

[ =] n F )

g 10+ \—-L_ .\LH‘“A

B — N “ag A

i) “E-pg-m

E 0 — -

“ 90 02 04 06 08 1.0
0, Concentration (%)

BI1.13 7 5 4 ** b3t 80 777 @ B[Li. S.Z. et al, 2011],
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| Power supply

(-0 (Distored sinusoidal voltage)
&
H-V
Oscilloscope p;oll?m Experimental Facility :
| 258 (100 — | I.DC pulse power
v . Self-Design Electrode
lll. Gas Feeding System
Rogowski coil/ Experimental Instrumentation
Voltage probe . ; ..
(1-10) _ _ IV. Oscilloscope ( I-V characteristic )
Gasin Ceramic/Quartz V. Mercury thermometer
Teflon VI. OES
C (6.80F)
Power electrode DAQ
4{ I
Ground electrode Vi
y -PM'I
X/ | N
£ 4U_(_] Monochromator|
| |
L <€
v 3D table

®2.1 DCpulse-# B3] 4 T f 5 & 2 % 4. (DBD - APPJ) i 5o

Teflon ¢ Gas flow

Power electrode Ground electrode

®2.2 ¥ &R % DBD Ti&K - F
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Bl24 §ED 'jfi floating 7 %3 :* B

Display LED Regulation On/Off Modify

OP Mode Menu/Enter

B 2.5 "R BT R R w0 AL R
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Voltage (V)

Master/Slave RS—485

RS—232 Userl User?
Dip i}:itch / /

QOutput Connector Input Connector Earth (PE) Input

B 2.6 "% L ik F (S AR

power density | pulse width {2 5)

Large 3.802 ~4.06
Middle 4.15 ~ 4.58
Small 5.6~ 6.3

o
Time (us)

H,(10shmn), 60l z lage

W27 LRFRES LR
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i .

SCIENTIFIC

B 2.9 #F WL 530832 MFC
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daidu=c
dQ/dU=C,

B 2. 13 7+ & B e & 7+ 2 Bl(Lissajous figure) [ Wagner H.E. et al. 2003].

Bl 2. 14 -k 4UE K

_1‘Prm ceton
/W [nstruments

Acton SPISH0

B 2.15 kiR
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B 3. 1 Pure He discharge, Ceramic 1 (mm), Dielectric distance 0.8 (mm), 20 (kHz), 50 (sIm)

and 60 (W).

B 3. 2 Pure He discharge, Ceramic 1 (mm), Dielectric distance 0.8 (mm), 60 (kHz), 50 (sIm)

and 120 (W).

41



20 (slm), 60 (W)

30 (slm), 60 (W)

50 (sIm), 60 (W)

Bl 3.3 # k7 & Pure He discharge, Ceramic 1 (mm), Dielectric distance 0.8 (mm), 20 (kHz)

and 60 (W).

30 (slm), 90 (W)

C—— - - & &= .

30 (sIm), 120 (W)

30 (sIm), 150 (W)

B 3.4 7 F 7 3 Pure He discharge, Ceramic 1 (mm), Dielectric distance 0.8 (mm), 20 (kHz)

and 60 (W).



20 ————————————1—————————

19 Plasmagas: He —=—50sim ]
8L Gap : 0.8 (mm) —e—30slm
[ Dielectric material : Ceramic 1 (mm) [—A—20sim ]

17 Breakdown power : 60 ()
16| Frequancy : 20 (kHz)

15 |
14 |
13}

Number of channels

12 -
11
10 -

9 I 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

50 60 70 80 9 100 110 120 130 140 150 160
Input power (W)

B 3.5 7 i & > ¥ % 20 (kHz) Pure He discharge, Ceramic 1 (mm), Dielectric distance 0.8

(mm).

26 u T . T 4 T T T . T . T T T U T
- Plasmagas : He 1
24 - Gap: 0.8 (mm) -
- Dielectric material : Ceramic 1 (mm) 1
22 | Breakdown power : 60 (W) =
w | Frequancy : 40 (kHz)
Q 20f -
é L
S 18} i
S |
QL 6t -
e |
2
14 —=—50sim
i —e—30slm
121 —A-20sim
10 1 | 1 | 1 | 1 | 1 | 1 | 1 | 1 | 1
40 60 80 100 120 140 160 180 200 220

Input power (W)

B 3.6 7 & > ¥ % 40 (kHz) Pure He discharge, Ceramic 1 (mm), Dielectric distance 0.8

(mm).
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24 T T T T T T T T
2L -
% 20+ -
c
é -
C 18| -
G
g i
E 161 Plasma gas : He ]
z Gap : 0.8 (mm) -
1alL " gg s:m Dielectric material : Ceramic 1 (mm)
° 20 slm Breakdown power : 60 (w) 1
A—208M | Frequancy : 60 (kHz) .
12 1 | 1 | 1 | 1 | 1 | 1 | 1 | 1 | 1
4 60 8 100 120 140 160 180 200 220

Input power (W)

B 3.7 7 &> ¥ % 60 (kHz) Pure He discharge, Ceramic 1 (mm), Dielectric distance 0.8

(mm).

20 (kHz), 60 (W)

40 (kHz), 60 (W)

T, Ddemin & & 3 B B B DS e

60 (kHz), 60 (W)
B 3.8 7 I #g 3 Pure He discharge, Ceramic 1 (mm), Dielectric distance 0.8 (mm), 30 (sIm)

and 60 (W).
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22 T T T T T T T T T
L Plasma gas : He
20 L Gap : 0.8 (mm) /
| Dielectric material : Ceramic 1 (mm) _— —~

18 | Breakdown power : 60 (w) —

§ | Flow rate : 20 (slm)
S 16t .
<
[&)
© i i
é I —=-60(W) | |
S 12| ——90 (W) | |
< —A—120(W)| |
—v— 150 (W)
10 <180 (W) T
- —»—200 (W) 1
8 1 1 1 1 1 1 1 1 1
20 30 40 50 60

Frequency (kHz)

B 3.9 #H =& 20 (slm) Pure He discharge, Ceramic 1 (mm), Dielectric distance 0.8 (mm).

26 : : : : . . . . |
- Plasma gas : He ]
241- Gap : 0.8 (mm) i
- Dielectric material : Ceramic 1 (mm) '
22 - Breakdown power : 60 (W) i
& [ Flowrate : 30 (slm) >
c 20+ i
C
m -
G 18} ]
B |
gr —=—60(W) | 7
> I ——-90(W) | ]
= ur —A—120 (W)
i v 150 (W) T
r —<—180 (W) T
I — > 200 (W) 1
10 1 1 ] L ] | | - 1

Frequency (kHz)

B 3. 10 #H =& 30 (slm) Pure He discharge, Ceramic 1 (mm), Dielectric distance 0.8

(mm).
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28

 Plasma gas : He ' ' ]
26 I"Gap : 0.8 (mm) -
24 | Dielectric material : Ceramic 1 (mm) ]
- Breakdown power : 60 (w)»——————————% 1
X% 22I"Flow rate : 50 (slm) « .
S 0f ]
© N
S 18} ]
5 |
T 16 i
S |
Eul 4
Z L
12+ ]
0| <180 (W) ]
- —»— 200 (W)
8 | 1 | 1 | 1 | 1 |
20 30 40 50 60

Frequency (kHz)

B 3. 11 #H ==& 50 (slm) Pure He discharge, Ceramic 1 (mm), Dielectric distance 0.8

(mm).

Ceramic, Gap 0.8 mm, 60 (W) Quartz, Gap 0.8 mm, 60 (W)

Ceramic, Gap 0.8 mm, 100 (W)

Quartz, Gap 0.8 mm, 100 (W)

Ceramic, Gap 0.8 mm, 120 (W) Quartz, Gap 0.8 mm, 120 (W)

B 3.12 v @7 4T FHE 60-120W & Jf: v % B], 30 slm Pure He discharge.
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Ceramic, Gap 0.8 mm, 150 (W) Quartz, Gap 0.8 mm, 150 (W)

Ceramic, Gap 0.8 mm, 180 (W) Quartz, Gap 0.8 mm, 180 (W)

B 3.13 7 I 4 T F## 150-180W & J]% vt i @], 30 sim Pure He discharge.

75

T T T T T T T Y T u T 3 T T 180
I Gas:He

70 Flowrate: 30 (sim) _ 160
& Gap : 0.8 (Mm) /./ _
- = Frequancy : 60 (kHz) /

6.0 [
L (@]
g . 4120 §
% 55 ./ a
g | 2
S 50t 4 100 i
45
—e— Quartz Voltage | 80
r —m— Ceramic \Voltage| |
40 - —o— Quartz Current
L —o— Ceramic Current| - 60
35 " 1 " 1 " 1 " 1 " 1 1 1 " 1 "
40 60 80 100 120 140 160 180 200

Input power (W)
B3.14 w7 kAR FH IV T H2H], 30 slm Pure He discharge, Dielectric distance 0.8

mm.

a7



- =
Gap_0.3mm, 60 (W) Gap_0.3mm, 150 (W)

Gap_0.3mm, 100 (W) Gap_0.3mm, 180 (W)

Gap_0.3mm, 120 (W)

Bl 3.15 7  # &, ¥ Z_Dielectric distance 0.3 (mm), Pure He discharge, Quartz 1 (mm), 60

(kHz).

Gap 0.5mm, 60 (W) Gap 0.5mm, 150 (W)

Gap_0.5mm, 100(W)

[T ETI————

Gap_0.5mm, 180 (W)

Gap_0.5mm, 120 (W)
B 3.16 7 F # %, F 2_Dielectric distance 0.5 (mm), Pure He discharge, Quartz 1 (mm) ,
60 (kHz).
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Gap_0.8mm, 60 (W)

- —
— -

Gap_0.8mm, 180 (W)

Gap_0.8mm, 120(W)

B 3.17 7 = # %, F Z_Dielectric distance 0.8 (mm), Pure He discharge, Quartz 1 (mm) ,
60 (kHz).

-i

Gap_1.5mm, 60 (W)
Gap_1.5mm,120({W)

Gap_1.5mm, 100 (W)

Gap_1.5mm, 150 (W)
B 3.18 7 F # 5, ¥ Z_Dielectric distance 1.5 (mm), Pure He discharge, Quartz 1 (mm) ,
60 (kHz).
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10 v T T T T T T T T T v T
| —=—B60W_V Plasma gas : He 1
9| o 100 W_V Flow rate : 30 (slm) .
[ |-4-120W_V| Dielectric material : Quartz 1 (mm) ]
L —0— 150 W_V Frequancy : 60 (kHz) |
81 o— 180 W_V Breakdown power : 60 (w) y
S
o 7 - o ]
& 00— g —0 o
o
= 6L A A A A -
* PR— o
L = - L -
5 i
4 L 1 " 1 " | " 1 L 1 L 1 "
0.2 0.4 06 0.8 1.0 1.2 1.4 16

Gap size (mm)

B 3. 19 % = Dielectric distance 7. /& 't @& [], Pure He discharge, Quartz 1 (mm), 30 (sIm).

200 e T —————]
180 . " ?OW i Plasma gas : He i
| -3 130 m Flow rate : 30 (slm)
160 | oW Dielectric material : Quartz 1 (mm)
i ~ 150 Wi Frequancy : 60 (kHz) ]
140 1 o— 180 W Breakdown power : 60 (w) i
&“ -
E 120t .
‘E -
2 100 |- ;
=
o L
80 | -
60 |- -
40 | -
i 1 L 1 L 1 L 1 L 1 L 1 L
0.2 0.4 06 08 1.0 1.2 1.4 1.6

Gap size (mm)

Bl 3. 20 7 F Dielectric distance =7 /i v $iz 8], Pure He discharge, Quartz 1 (mm), 30 (sIm).
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10 slm, 20 kHz, 100 (W) 20 slm, 20 kHz, 100 (W)
15 slm, 20 kHz, 100 (W) 30 slm, 20 kHz, 100 (W)

Bl 3.21 7 k= flow rate, % Dielectric distance 0.5 (mm), Pure He discharge, Quartz 1 (mm)
20 (kHz), 100 (W).

15 slm, 30 kHz, 300 (W) 30 sim, 30 kHz, 300 (W)

20 sim, 30 kHz, 300 (W)
Bl 3.22 7 F flow rate, ¥ %_Dielectric distance 0.5 (mm), Pure He discharge, Quartz 1
(mm), 30 (kHz), 300 (W).
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10 slm, 40 kHz, 60 (W) 20 slm, 40 kHz, 60 (W)

15 sim, 40 kHz, 60 (W) 30 slm, 40 kHz,60(W)

Bl 3. 23 % I flow rate, ¥ =_Dielectric distance 0.5 (mm), Pure He discharge, Quartz 1 (mm)
40 (kHz), 60 (W).

10 slm, 50 kHz, 150 (W) 20 slm. 50 kHz, 150 (W)
15 slm, 50 kHz, 150 (W) 30 slm. 50 kHz, 150 (W)

Bl 3.24 7 F flow rate, ¥ %_Dielectric distance 0.5 (mm), Pure He discharge, Quartz 1
(mm), 50 (kHz), 150 (W).
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-

10 slm. 60 kHz, 120 (W) 20 slm. 60 kHz, 120 (W)
- -
|
15 slm. 60 kHz, 120 (W) 30 slm. 60 kHz, 120 (W)

Bl 3.25 7 F flow rate, ¥ %_Dielectric distance 0.5 (mm), Pure He discharge, Quartz 1
(mm) , 60 (kHz), 120 (W).

1 T T T ' T ' T T T \ T T T 280
10 Gas:He 4 260
o [ Dielectric : Quartz 1 (mm) 1
L Gap: 0.5 (mm) a 240
8 Frequancy : 20 (kHz) g% i
-L 1
I - 200 ~
z of * || &
% o / \J,-_ 180 =
5 4L —m— 30slm Voltage 160 5
> 4 :
~®-20sIm Voltage ] ,,, ©
3 —A— 15 slm Voltage |
5L —— 30 slm Current  { 120
—0O— 20 slm Current -
1k —/—15slm Current 7| 190
0 | 1 | 1 | 1 | 1 | 1 | 1 | 80
60 70 80 90 100 110 120
Input power (W)

B 3.26 # I flow rate =7 /B2 7 it #& ], Pure He discharge, Quartz 1 (mm), Dielectric
distance 0.5 (mm), Frequency 20 (kHz).
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rr-~rtr 1+ T1 1 * 1T T "1 "1 "1 "1 1 *1 60
12| Gas:He
- Dielectric : Quartz 1 (mm) leo
0l Gap : 0.5 (mm)
| Frequancy : 30 (kHz)
- S~ - {40
8 |-
2 | g
4
o %HZ. 130
g °r o 5
S A 2R —m—30slm Voltage |, 3
B / —— 20 sim Voltage
- & —A— 15 sim Voltage 1
5L / —— 30 slm Current | 19
—O— 20 slm Current
L —/A— 15 slm Current ]
0 | TR U I I I [T T I I T T T | o
60 80 100 120 140 160 180 200 220 240 260 280 300
Input power (W)

B 3.27 7 I flow rate enF /B 22 § ;v i [B], Pure He discharge, Quartz 1 (mm), Dielectric
distance 0.5 (mm), Frequency 30 (kHz).

8 T L T u T 2 T u T T T . T 180
@ Gas:He 4: i

7 I~ Dielectric : Quartz 1 (mm) - 160
- Gap: 0.5 (mm) 1

6 L) 4 140

- Frequancy:40 (kHz) . __—

- 120

5L
§ L & N . g
o 4+ / 4100 =
[@)) c
8 g
S 3 —m—30sIm Voltage 18 3

—@— 20 slm Voltage

—A— 15 slm Voltage - 60
- —+— 30 slm Current -
1+ —0O— 20 slm Current - 40
3 —/A~—15 slm Current -
0 1 N 1 N 1 N 1 N 1 N 1 N 1 20
60 80 100 120 140 160 180
Input power (W)

B 3.28 7 F flow rate 7 /& 22 3 Jn vt & B], Pure He discharge, Quartz 1 (mm), Dielectric
distance 0.5 (mm), Frequency 40 (kHz).
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T T T T T T T T T T T T 160
- Gas : He ._' 150
7 |- Dielectric : Quartz 1 (mm) i
L Gap : 0.5 (mm) = 110
6 | Frequancy : 50 (kHz) /‘ - 130
I /‘ J120
5l . J110
S | —~
= - 100
S o€
g ——1%5
S 3f —m—30sim Voltage 7% 3
- —@— 20 slm Voltage 4 70
2 —A— 15 slm Voltage ] g
i ——30slmCurrent 7
1+ —O— 20 slm Current -
—/x— 15 slm Current 740
0 | TR U I I I [T T I I T T T | 30
60 70 80 90 100 110 120 130 140 150 160 170 180
Input power (W)

B 3.29 7 F flow rate g /& 22 3 s vt #i 8], Pure He discharge, Quartz 1 (mm), Dielectric
distance 0.5 (mm), Frequency 50 (kHz).

r—T T T T T T T T T T T T T T T 160
8 -_ Gas: He 4 150
Dielectric : Quartz 1 (mm) 1140
7L Gap:0.5(mm) L ]
| Frequancy : 60 (kHz)  § 1130
oL /‘/ 1
L - - 120
S i 4 ~~
= ® Bt T 10 g
qu) 4l / H100 §
SEN —m—30sim Voltage | 0 3
I —@— 20 slm Voltage 80
oL —A— 15 slm Voltage ]
L —— 30 slm Current - 70
1L —O—20slm Current 60
L —/— 15 slm Current |
0 PR (TR AT NN T N TR N T S TN N S S TR NN T S|

|
60 70 80 90 100 110 120 130 140 150 160 170 180
Input power (W)

B 3.30 # F= flow rate =3 &R ¥2 7 /vt i ], Pure He discharge, Quartz 1 (mm), Dielectric
distance 0.5 (mm), Frequency 60 (kHz).
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TRTON] |

30 slm, 20 kHz, 100 (W) 30 slm, 50 kHz, 100 (W)
30 slm, 30 kHz, 100 (W) 30 slm, 60 kHz, 100 (W)

30 slm, 40 kHz, 100 (W)

Bl 3.31 % F Frequency, ¥ #_Dielectric distance 0.5 (mm), Pure He discharge, Quartz 1
(mm) , 30 (sIm), 100 (W).

P —
--

15 sIm, 20 kHz, 60 (W) 15 sim, 50 kHz, 60 (W)

15 sim, 30 kHz, 60 (W) 15 sIm, 60 kHz, 60 (W)

15 sim, 40 kHz, 60 (W)

Bl 3.32 % F Frequency, ¥ _Dielectric distance 0.5 (mm), Pure He discharge, Quartz 1
(mm), 15 (sIm), 60 (W).
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Voltage (kV)

Voltage (kV)

57

12 . . . - T 200
10 |- Plasma gas : He Flow rate : 30 (slm) 1160
sl Dielectric: Quartz1 (mm) Gap:05(mm) . \Voltage -
L Frequancy : 20 (kHz) Power:60(W) . current H 120
6 L
AL 480
L \ / —~ 40 g
ol 10 <
[
2 - - -40 g
s}
4L (@)
- -80
6
4 -120
8L
ol - -160
12 ! L L -200
-40 -20 0 20 40
Time (s)
) 3.3320kHz % # ?,Jf: -V T 2%
8 T I T I a T Y T T T I T I T I 40
~ Plasma gas : He Flow rate : 30 (slm) Vot T
6 I Dielectric : Quartz 1 (mm) Gap : 0.5 (mm) y Cor? ?ﬁ 130
- Frequancy : 30 (kHz) Power : 60 (W) et
4 - -4 20
|2~ J
2+ 410 __
of 10 é
gy 5
2tk 4-10 5
(@)
4 - -20
6| < -30
_8 | | | | | 1 | | L | | L | L _40
50 -4 30 20 -10 0 10 20 30 40 50
Time (s)
B 3.3430kHz % # ?,jft -V T 8



Voltage (kV)

Voltage (kV)

58

8 - T - T - T - 100
- Plasma gas : He Flow rate : 30 (sIm) 1s0
6 | Dielectric: Quartz 1 (mm) Gap:05(mm) - Voltage ]
- Frequancy : 40 (kHz) Power: 60 (W) - Current fg,
4+
. - 40
2L
_ .2
OF 40
oL - -20
I - -40
4
| T 1 -60
or 180
-8 ' L L -100
-20 -10 0 10 20
Time (us)
) 3.3540kHz % # E’i% -V T LR
8 - T T - T 100
L Plasma gas : He Flow rate : 30 (slm) '
6 | Dielectric : Quartz 1 (mm) Gap: 0.5 (mm) —-— Voltage | 80
L Freguancy : 50 (kHz) Power : 60 (W) —-—Current { g
4+
. - 40
2T 1
OF 40
oL - -20
s - -40
4
I - -60
or 1 80
-8 ' ' L -100
-20 -10 0 10 20
Time (us)
B 3.3650kHz % # :Z{::ch -V 7 4§

Current (mA)

Current (mA)



10 . : . : . : . 120
8 Plasma gas : He Flow rate : 30 (slm) 1100
| Dielectric: Quartz 1 (mm) Gap:05(mm) . voltage |
6 L Frequancy : 60 (kHz) Power:60(W) —._ Current | 80
g - 60
Al ]
I 4 40
2k 1o =
g i o E
o Of 1° =
| . c
g 2t 12 £
S Ja 3
4L ]
4 -60
6 I
I --80
st 1 100
10 . . . L - ! - 1120
-20 -10 0 10 20
Time (1s)
B 3.3760kHz % #% ?,Jf: -V 2 |2 H
12 T T T T T T T
Gas : He —=7 60W)
10} Dielectric : Quartz 1 (mm) p/ 1(2)8 W
Gap. 0.5(mm) —v— iSO %
) Flow rate : 15 (slm) = 180 (W)

Voltage (kV)

10 20 30 40 50 60 70
Frequency (kHz)

B 3.38 # e #f F 2755 e R v 52 @) » Pure He discharge, Quartz 1 (mm), Dielectric

distance 0.5 (mm)%2 15 (sIlm).
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"

220 - s e . 0w .
200 - Dielectric : Quartz 1 (mm) | —®—100(W) | -
wof IC:;I?)?Nr(zJiti (nl?%slm) : igg m ]
10 ' = 180(W) | ]
é 140 [ ]
§ 120 - -
3 [ )
80 | .
60 L ]
al i
o0 o w0 0 w0

Frequency (kHz)

B 3.39 # fe# F #2155 Zend it #2 @) - Pure He discharge, Quartz 1 (mm), Dielectric

distance 0.5 (mm)x2 15 (sIlm).

12 T T T T T T T T T T
Gas: He —a— 60 (W)
10 | Dielectric : Quartz 1 (mm) —e— 100 (W) 4
Gap : 0.5 (mm) —A— 120 (W)
- Flow rate : 20 (slm) —v— 150 (W)
—=— 180 (W)
81 i
S
oy
gl -
>
4 i
2 1 | 1 | 1 | 1 | 1 | 1
10 20 30 40 50 60 70
Frequency (kHz)

B 3.40 # fo#f F 2755 e R v #2 @) » Pure He discharge, Quartz 1 (mm), Dielectric

distance 0.5 (mm)x2 20 (sIlm).
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240

220 [
200 [
180 [
160 [
140 [
120 [

Current ( mA)

Gas: He —=— 60 (W) ]
Dielectric : Quartz 1 (mm) —e-100(W) | -
Gap : 0.5 (mm) —A—120W) | ]
Flow rate : 20 (slm) —v— 150 (W)

Frequency (kHz)

B 3.41 # feHF F 2255 Zend snvt #2 @) - Pure He discharge, Quartz 1 (mm), Dielectric

12

distance 0.5 (mm)x2 20 (sIlm).

Voltage (kV)

Gas : He —a— 60 (W)
Dielectric : Quartz 1 (mm) | — e 100 (W) 7
Gap : 0.5 (mm) —a— 120 (W)

Flow rate : 30 (slm) —v— 150 (W)

10

20 30 40 50 60 70
Frequency (kHz)

B 3.42 # fe#E F 2755 e R v 52 @) » Pure He discharge, Quartz 1 (mm), Dielectric

distance 0.5 (mm)%2 30 (sIlm).
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20—

20 Gas : He " 60W) | T
200 |- Dielectric : Quartz 1 (mm) | —*—100(W) |
180 [ Gap : 0.5 (mm) —a—120 (W)

. Flow rate : 30 (slm) —v— 150 (W)
160 —m— 180 (W) | -
140 |-
120
100 [
80 [

Current ( mA)

s

10

Frequency (kHz)

B 3.43 # fe#E F 2255 Zoend it #2 @) - Pure He discharge, Quartz 1 (mm), Dielectric

distance 0.5 (mm)x2 30 (sIlm).

9.0 T T T T IPl T T T HI T T 220
- asmagas : He .
| —=— 10 (mm) Voltage G |
85 [ e 15 (mm) Voltage Flow.rate : 30 (slm) _ 200
g0 L —4—20 (mm) Voltage Gap : 0.5 (mm)- 1180
| —— 20 (mm) Current  Dielectric material : Quartz 1 (mm)
7.5 | —o— 10 (mm) Current Frequancy : 60 (kHz) 4 160
- —o— 15 (mm) Current  Breakdown power : 60 (w) 1
s or " ™o
< I o / | =
o 65F /. 4120 @
2 = 100 =
s 60 (| < 100 %
> b % 1 2
55| 80
50 J 60
45 - 40
40 I 1 | 1 | 1 | 1 | 1 | 1 | 1 | 1 ] 20
40 60 80 100 120 140 160 180 200

Input power (W)

B 3.44 7 F Power % #& ¥ Ground 7 & #E#Lt & @] > Pure He discharge, Quartz 1 (mm),
Dielectric distance 0.5 (mm), frequency 60(kHz)£2 30 (sIm).
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30 slm, Pure He, 120 (W) 30simHe +0.05% 02,120(W)
= —

30simHe +0.019%0 02,120 (W) 30simHe +0.07% 02,120(W)
e

30simHe +0.03% 02,120 (W) 30simHe +0.09% 02,120(W)

B 3.45 %+ 3 5+ &)+ 2B > He discharge, Quartz 1 (mm), Dielectric distance0.5 (mm),

frequency 60(kHz), 120 (W)£2 30 (sim).

30simHe +0.1% 02,120 (W) 30simHe +0.5% 02,120 (W)

30simHe +0.2% 02,120 (W) 30simHe +0.7% 02,120 (W)
30simHe +0.3% 02,120 (W) 30simHe +1.09% 02,120(W)

B 3.46 % I+ 3 # * &+t B> He discharge, Quartz 1 (mm), Dielectric distance 0.5 (mm),
frequency 60(kHz), 120 (W)%2 30 (slm).
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70 F T T T T T T T T T T T T T T T T T T T T ] 140
69F Plasma gas : 30 simHe + O, 120
68 3 . Gap: 0.5 (mm) 1120
6.7F P Dielectric material : Quartz 1 (mm) - 110
66F \ Plasma power : 120 (w) 1100
6.5 3 —,_ Frequancy : 60 (kHz) /' 19
§ 6.45— \. 180 g
= 6.3 :— . \./. - __ 0 €
87 62 F / n —nm i €
8 - " 460 O
S b / 150 3
> 60F n 7 O
50F =™ - 40
58 F ‘D /'/ 120
s7E —=—\Voltage 1,
E - —=— Current ]
56 F 410
E ] ] ] ] ] ] ] ] ] ] ] ]

T N S )
01 00 01 02 03 04 05 06 07 08 09 10 11

Oxygen (%)

B 3.47 7+ 3 5+ 7 2B > Hedischarge, Quartz 1 (mm), Dielectric distance 0.5 (mm),

frequency 60(kHz), 120 (W)£2 30 (sim).

150 T T u T . T . T T T
L Plasma gas: He
Flow rate : 30 (slm) TP

| Gap: 0.5 (mm) : 1
- Dielectric material : Quartz 1 (mm) o
50 | Frequancy : 60 (kHz) ittt
Breakdown power : 60 (W)

100

0}

Charge (nC)

-100

-150 L 1 L 1 L 1 L 1 L 1

Voltage (kV)

] 3. 48 Lissajous Figure - He discharge, Quartz 1 (mm), Dielectric distance 0.5 (mm),
frequency 60(kHz), 60 (W)= 30 (sIlm).
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60 ——T—— 71—

55 | —m— Power Efficiency Plasmagas: He i
Flowrate : 30 (sIm)

50 - Gap : 0.5 (mm) 4
| Dielectric material : Quartz 1 (mm) |
a5 L Frequancy : 60 (kHz) |
| Breakdown power : 60 (w) ]
35 .
30

Efficiency (%)
5
T

- I/.\I
25 -
20 1 | 1 | 1 | 1 | 1 | 1 | 1 | 1 | 1
40 60 80 100 120 140 160 180 200 220
Input power (W)

B 3.49 2 B# X T ’J‘ e ar ot 5 Bl » He discharge, Quartz 1 (mm), Dielectric distance

0.5 (mm), frequency 60(kHz), 60 (W)¥? 30 (sIm).

Without floating, Gap 1.0mm, 60 (W)

Without floating, Gap 1.0mm, 100 (W)

Without floating, Gap 1.0mm, 120 (W)  With floating, Gap 1.0mm, 120 (W)
® 3.50 ' $5 Floating % #& 60-120 W T ;Ff: v #% [g], 30 sim Pure He discharge.

With floating, Gap 1.0mm, 60 (W)

With floating, Gap 1.0mm, 100 (W)
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Without floating, Gap 1.0mm, 150 (W)

With floating, Gap 1.0mm, 150 (W)

Without floating, Gap 1.0mm, 180 (W)

With floating, Gap 1.0mm, 180 (W)

®] 3.51 +*# Floating % 1& 150-180 W & Jf: v % [, 30 slm Pure He discharge.

75

200

70 |-

6.5
6.0 |-
55 -

50 |

Voltage (kV)

45|

35

Gas:

He
Flow rate : 30 (slm)
Dielectric : Quartz 1 (mm)

Gap : 1.0 (mm)

Frequancy : 60 (kHz)

./n

Z
/

- 160

|
5

1
S
Current (mA)

—m— with floating \Voltage (kV)
—o— with floating Current (mA)

—e—without floating Voltage (kV) | €0

—o— without floating Current (mA) | -

| L | L 40

100 120

Input power (W)

] 3.52 't # Floating 7 1& 150-180 W & Jf: v i B

66

140 160 180 200

, 30 slm Pure He discharge.



B 3. 53 Floating & #& 60 W & Jf: 5], 30 sIm Pure Ar discharge £ 60 kHz.

120 : . . | |

- Fow rate : 30 (slm) : i

100 L Dielectric : Quartz 1 (mm) Elxrg (340 K)
Gap : 0.5 (mm)

" Frequancy : 60 (kHz)
80 | Input power : 120 (w)
| Spectrum : NO -y

position : 5 (mm)

Intensity (a.u.)
3
I

20

. I .
245 246 247 248 249

A (um)

B 3.54 & :p] OES, NO -y :* & H Rotational Temperature 3 340 K(67°C), /AA=0.005 nm,
Integration time = 200 nm.
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100 T T T T T T T T 100
- Gas: He
9 |- Flowrate : 30 (sIm) . iomrznm 40
| Dielectric : Quartz 1 (mm) —A—15mm
% Gap : 0.5 (mm) %0
|~ Frequancy : 60 (kHz) ]
" Input power : 120 (W) NO- Y (Trot)
- 710 . = 470
[<5]
E -\
g 60 L L] L] ] Jeo
o
5 I )
F o5l &~ 150
oL ®T—e o/.\.\. 440
| A —A A A A :
30 1 1 1 1 1 1 1 1 30
0 10 20 30 40 50
X-axis (mm)

B 3.55 2 k=% 7 iﬁ%;‘;";’_ﬁ}:& % B) > He discharge, Quartz 1 (mm), Dielectric distance 0.5
(mm), frequency 60(kHz), 120 (W)£2 30 (sIm).

500 T T T T T T T T T T 1 T
Plasma gas : He
| Fowrate : 30 (sim)
400 | Dielectric : Quartz 1 (mm) 4
Gap : 0.5 (mm)
- Frequancy : 60 (kHz) NO.236.6
S ap Input power : 120 (w)
g ~ position : Post - Discharge NO247.3 ]
> NO 2263
g NO 191.42 NO 198.54
2 20} ‘ NO-v §
- : —
- NO 215.49 NO258.7
100 |- NO267.22 | i
NO271.32
160 180 200 220 240 260 280 300
Wavelength (nm)

8] 3. 56 Post— discharge 180-280 nm k3% ®] > He discharge, Quartz 1 (mm), Dielectric
distance 0.5 (mm), frequency 60(kHz), 120 (W)£# 30 (sIm).
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14000 —————————————————1————

Plasma gas : He NO236.6 NG 247
12000 = Flow rate : 30 (slm) 02473 7
- Dielectric : Quartz 1 (mm) 1
10000 - Gap : 0.5 (mm) i
—_ Frequancy : 60 (kHz) No2263 NO 258.7
czé 8000 L Inpq’g power : 120 (w) |
= position : Discharge
2 NO 267.22
g 6000} NO27132
£ NO198.54 NO 215.49
aoco L OB ]
. NO-y ot
r—-— 3
2000 |- § | -
0 1 i r Aal f | 1 | 1 | 1 ; 1
160 180 200 220 240 260 280 300

Wavelength (nm)

i 3. 57 Discharge 180-280 nm =k 3% §] - He discharge, Quartz 1 (mm), Dielectric distance

0.5 (mm), frequency 60(kHz), 120 (W)£2 30 (sIm).

250000 \ T u T L T L T L T T T u T
Plasma gas : He
Flow rate : 30 (sIm)
200000 |- Dielectric : Quartz 1 (mm) N2 357.6 i
Gap : 0.5 (mm)
Frequancy : 60 (kHz)
S 150000 |- Input power : 120 (w)  N23373 i
S position : Post - Discharge
=
o N2315.9
£ 100000 - -
N2 3805
50000 = N2* 391.44
[ § B | e A B 4/‘ 1 AA 1 /JJ A

0 L
260 280 300 320 340 360 380 400 420
Wavelength (nm)

i8] 3. 58 Post - discharge 280-400 nm -k @] > He discharge, Quartz 1 (mm), Dielectric
distance 0.5 (mm), frequency 60(kHz), 120 (W)¥ 30 (sIm).
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120000 ———4—+——F+—+1—+— 17—

Plasmagas : He
Flow rate : 30 (slm) N2" 391,44
Dielectric : Quartz 1 (mm)
Gap : 0.5 (mm)

800000 | Frequancy : 60 (kHz)

1000000

£l Input power : 120 (w)

g position : Discharge

2 600000 - OH 309 i
2

i)

C

= 400000 | -

N2 337.3 N2357.6
N2 315.9 -

Ao ) JVAR Y AN
320 340 360

0 L L
260 280 300 380 400 420

200000

Wavelength (nm)

i 3. 59 Discharge 280-400 nm =k 3% §] - He discharge, Quartz 1 (mm), Dielectric distance

0.5 (mm), frequency 60(kHz), 120 (W)£2 30 (sIm).

2000 L T U T T T T T T T T u T
1800 L Plasmagas : He
L Flow rate : 30 (sIm)
1600 [- - Dielectric : Quartz 1 (mm) -
- Gap:0.5(mm) OH 309
14001 Frequancy : 60 (kHz)
S 100 INput power : 120 (w) A
8 | position : Post - Discharge
2 1000 |
[%2)
@ L
L 800 i
= L
600 |-
a0 |- -
200 |-
0 I 1 | 1 | 1 | 1 | | | 1 | 1 | 1
300 302 304 306 308 310 312 314 316 318

Wavelength (nm)

] 3. 60 Discharge OH 309 nm sk k@ > He discharge, Quartz 1 (mm), Dielectric distance

0.5 (mm), frequency 60(kHz), 120 (W)£2 30 (sIm).
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30000

T T T T T T T T T LI T T T T
Ol 406.05
Plasma gas : He
25000 |- NIl 420 Flow rate : 30 (slm) ]
Dielectric : Quartz 1 (mm)
| Gap : 0.5 (mm)
= 20000 Ol 427.56 Frequancy : 60 (kHz)
S Input power : 120 (w)
> 15000 position : Post - Discharge |
2
g
c
= 10000 |- i
0Ol 434.2
5000 - He 501 _
He 587
0 Lu ‘J.IAAAIJJI.AI.I.I.I.I‘.I.‘I.I.I.
380 400 420 440 460 480 500 520 540 560 580 600 620 640 660 680

Wavelength (nm)

] 3. 61 Post - discharge 400-650 nm =t 2% ] - He discharge, Quartz 1 (mm), Dielectric

distance 0.5 (mm), frequency 60(kHz), 120 (W)£2 30 (sIm).

000 T T 7T T T T T T T T T T T T T T
Plasma gas : He
Flow rate : 30 (sIm)
400000 |- ON42756 Dielectric : Quartz 1 (mm) -
Gap : 0.5 (mm)
Frequancy : 60 (kHz)
S 300000 |- Input power : 120 (w)
8 position : Discharge
%‘ ol 434.2
& 200000 |- i
£
NIl 420
100000 He 587 -
04:‘:'] Hosor _
0 AAIJ\II.AI‘AJU.AIA.LulLML 1

380 400 420 440 460 480 500 520 540 560 580 600 620 640 660 680
Wavelength (nm)

i8] 3. 62 Discharge 400-650 nm st 2% ] > He discharge, Quartz 1 (mm), Dielectric distance
0.5 (mm), frequency 60(kHz), 120 (W)%# 30 (sIm).
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2500 T T T T T T T T T T
el 608 Plasma gas : He
Hel 706 Flow rate : 30 (slm)
2000 - Dielectric : Quartz 1 (mm)
Gap : 0.5 (mm)
- Frequancy : 60 (kHz)
S 1500 | Input power : 120 (w) .
% position : Post - Discharge
2 0Ol 844
2 1000 .
£
500 |- -
o7
OH728.42
0 L | L | .. | L | L | L
600 650 700 750 800 850 900
Wavelength (nm)

[ 3. 63 Post - Discharge 650-900 nm t3# & > He discharge, Quartz 1 (mm), Dielectric

distance 0.5 (mm), frequency 60(kHz), 120 (W)£2 30 (sIm).

500000 : . . . . . - . - |
Hel 706
Plasma gas : He
400000 | Flow rate : 30 (slm) i
Dielectric : Quartz 1 (mm)
Gap : 0.5 (mm)
ary Frequancy : 60 (kHz)
E 300000 - Input power : 120 (w)
> position : Discharge
2
&8 200000 |- i
£
100000 i
Hel 668 o777
‘ OH728.42
0 | A.‘ L | .] | ‘ .OI 84A4|
600 650 700 750 800 850 900
Wavelength (nm)

i8] 3. 64 Discharge 650-900 nm st 2% B] > He discharge, Quartz 1 (mm), Dielectric distance
0.5 (mm), frequency 60(kHz), 120 (W)%# 30 (sIm).
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-r-—

—————— —
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B3 65N2 % T 49 S FIT + i o A4 hesk Borse k7 kil %,
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£z .
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Ti T I+ AT, 2 +
v (£3:)] . NO+N, (£ )>No(£3 ")
NO(B*TI) e NO(4#F )5 NO+hv
! E ! =3 » NO Excited (NO-B) (260380 ymm peak lines)
(AT e ) f NO+N,(4*Y 1) > No(B[] )
[y |
;= 2 | o . ) )
T NO(B'T] ) > NO+hv
NO I T +

& 3. 66 NO%??’JI{T“‘ FIIN2 o i ende ¥ > A 4 e Rk E R E &
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T T T T T T T T T T T T T
. Plasmagas: He
Flow rate : 30 (slm) NO -y
- Dielectric : Quartz 1 (mm)! -
Gap : 0.5 (mm) | |
[ Frequancy : 60 (kHz Lo |
~ L |np3t pov?/yer: 12(0 (W)) Lot b ey |
= —— 25 (mm) | ‘
§ - | —— 7.5(mm) .
= —— 125 (mm) !
NO 198,54 NO2366
17.5 (mm) ! NO 2263 [NO247.3 |
- NO 19142 | NO2587 -
| 1 | 1 | 1 | 1 | 1 | 1 |
100 125 150 175 200 225 250 275
Wavelength (nm)

B 3.67 # k Z fhiEd Post - Discharge 180 - 280 nm = 2 [] -

300

He discharge, Quartz 1

(mm), Dielectric distance 0.5 (mm), frequency 60(kHz), 120 (W)¥2 30 (sIm).

T T T T T T T T T T T T T T T . T
Plasma gas : He
I~ Flowrate : 30 (slm) N, 2d pos. 7
Dielectric : Quartz 1 (mm)
Gap : 0.5 (mm) ¢
Frequancy : 60 (kHz)
’5 | Input power : 120 (W) ]
ik
=
g | ——25(mm) 1
£ — 7.5 (mm) A
L | ——125(mm) N2 357.6 -
— 175(mm) N23tse o N2 3805
N2' 39144 |
I R R R Lo 2L AJ JAJ A
175 200 225 250 275 300 325 350 375 400 425

Wavelength (nm)

B 3.68 7 k= Z #hiEd Post - Discharge 280 - 400 nm = 2 ] -

He discharge, Quartz 1

(mm), Dielectric distance 0.5 (mm), frequency 60(kHz), 120 (W)¥2 30 (sIm).
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1 N 1 ' | ' I ' 1 ' 1 M | ' I ' 1
| Plasma gas : He
- Flow rate : 30 (slm)
| Dielectric : Quartz 1 (mm)
- Gap : 0.5 (mm)
[ Frequancy : 60 (kHz)
L Input power : 120 (w)

)

El
S | 1
= 1905 B R .
[1]
ﬁ i 17.5 (mm) Oll 427.56 1
=T 12.5(mm) | o) 406.05 ]
7.5 (mm)
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i N Ill 420 ]
He 501
l J J Ol 434.2 He 587
1 . 1 A ] N i .J A sy L ] | N 1

200 250 300 350 400 450 500 550 600 650 700
Wavelength (nm)

B 3.69 7 F Z #hied Post - Discharge 400 - 650 nm k2% [ » He discharge, Quartz 1

(mm), Dielectric distance 0.5 (mm), frequency 60(kHz), 120 (W)¥2 30 (sIm).

T T T T T T T T T T T T T T T . T
Plasma gas : He
Flow rate : 30 (sIm)
Dielectric : Quartz 1 (mm)
Gap : 0.5 (mm) o 4 ‘
| Frequancy: 60 (kHz) ) ) i
Input poweer : 120 (w) ™" ' “ ]

El
= i
z —
% i He 1706 i
EL | —175mm) He 1668 -
L ——125(mm) 1
- | ——7.5(mm) .
——2.5(mm) orrr
B (13725 osa4 N

L1 ovinrbfoediie

450 500 550 600 650 700 750 800 850 900 950
Wavelength (nm)

B 3.70 7 = Z #hiedE Post - Discharge 650 - 900 nm sk 2% [ » He discharge, Quartz 1

(mm), Dielectric distance 0.5 (mm), frequency 60(kHz), 120 (W)¥2 30 (sIm).
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T T T T T T T T T T T
6000 |- Flow rate : 30 (slm)
Dielectric : Quartz 1 (mm) “8 %ifé Em -
Gap: 0.5 (mm) '
- —e— NO198.54 nm
5000 Frequancy : 60 (kHz) NG 215.49 nm| -
Input power : 120 () & NO267.22nm| |
3 4000 |- position : 2.5 (mm) A NO2263nm |
8 —o—NO 236.6 nm
%‘ —0—NO 247.3nm
S 3000 |- ——NO 2586 nm | |
=
2000 |- l
1000 |-
1 1 1 L 1 1 1
0.0 0.2 04 0.6 0.8 1.0
O2 Concentration (%)

B 3.71 2 =3 5+ & NO R - He discharge, Quartz 1 (mm), Dielectric distance 0.5

(mm), frequency 60(kHz), 120 (W)£2 30 (sIm).

1200000 T T T T T T T T u T
Flow rate : 30 (sIm)
Dielectric : Quartz 1 (mm)
1000000 |- Gap : 0.5 (mm) T
Frequancy : 60 (kHz)
800000 L Input power : 120 (w) A
— position : 2.5 (mm)
3 ]
S —a— N2 315.4 nm
> 000000 - —eN2337.3nm ]|
% - —4—N2357.6nm -
€ 100000 L —v—N2+391.44 |
- —0—N2380.5nm
200000 -
0 L L L L N
0.0 0.2 04 0.6 08 10
02 Concentration (%0)

B 3.72 2 3% 5+ & N2 k3R > Hedischarge, Quartz 1 (mm), Dielectric distance 0.5
(mm), frequency 60(kHz), 120 (W) 30 (sIm).
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40000 T T T T T T T T T T T
35000 | Flow rate : 30 (slm) —m— Hel668nm -
L Dielectric: Quartz1 (mm) — e Hel 706 nm
30000 | Gap : 0.5 (mm) -
L Frequancy : 60 (kHz) |
25000 | Input power : 120 (W) i
3 | position : 2.5 (mm)
<
> 20000 |- -
T L
c
& 15000 -
£ L
10000 |- -
5000 |- -
0 | | 1 | 1 | 1 | 1 | 1 |
0.0 0.2 0.4 0.6 0.8 1.0
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B 3.73 % =3 5+ & He sk 3B - He discharge, Quartz 1 (mm), Dielectric distance 0.5

(mm), frequency 60(kHz), 120 (W)£2 30 (sIm).

14000 T T T T T v T T T T T
Flow rate : 30 (slm) —a— OH728.4 nm
12000 Dielectric : Quartz 1 (mm) —e— Ol 777 nm -
Gap : 0.5 (mm) —4—-0I844.7nm
10000 |- Frequancy : 60 (kHz) 4
Input power : 120 (w)
— I position : 2.5 (mm)
S 8000 .
S
2 |
@ 6000 - 7
2 L
=
4000 [ 7
r —e
2000 | 7
0 1 L 1 L 1 L 1 L 1 L 1
0.0 0.2 04 0.6 0.8 1.0

O2 Concentration (%)

B 3.74 % =% 5+ & Oatom k3B > He discharge, Quartz 1 (mm), Dielectric distance
0.5 (mm), frequency 60(kHz), 120 (W) 30 (slm).
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