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ABSTRACT

Microplasma is one of the plasma systems and is defined as at least one of the
dimensions of microplasma geometry is reduced to sub-millimeter length scale.
Microplasmas have attracted a tremendous of interest because of their low energy
consumption, high reactivity, small physical size, operation under room temperature, and
working without vacuum equipment. The portable microplasma generation device (MGD)
in this work is dielectric-barrier-discharge type microplasma, which is widely used in
analytical chemistry, such as mass spectrometry, sample digestion, emission spectroscopy.
However, owing to the challenges that molecular emission spectrums in air plasma are
dominated by the emission of nitrogen, and the high reactivity of oxygen in air plasma
would react with volatile organic vapors (VOCs), there is a lack of research team

proposing techniques for VOCs detection using air plasma by optical emission spectrum.

In this work, by controlling the behavior of plasma properly, the signal of VOCs has
been detected when air is used as the carrier gas, and the limit of detection (LOD) has
been pushed down to 100 ppm level from 10000 ppm-level. Moreover, we propose the
tendency and relationship between characteristic emission of CN and power, and then
investigate the behavior of MGD under continuous multicycle discharge and the influence

caused by varying floating electrode patterns.

We use ethanol as VOCs analyte to test the applicability for practical application. By
the stepwise changes of concentrations, the sensing system in this work shows its
reversibility and stability. Besides, the calibration graph which ranges from 200 to 3000
ppm with a regression coefficient equal to 0.999 is achieved. The final target of the gas
sensor is to monitor unknown VOCs moment-to-moment, therefore, we use the
homemade module to replace the power amplifier, which shrinks the volume significantly,

and the ethanol vapor of 3000 ppm in air plasma could be detected.

In the future, apart from the focus on lowering the LOD of VOC:s, the influence from
the content of water vapor in the air and the addition of interfering species in the sensing

environment are worth trying pathways to match the needs in real applications.

Key words: microplasma, molecular emission spectrum, volatile organic compound, air

environment.
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TR AR R R - FRSS LIRS T AR R kS

R g A T ROES S RS e I AT A s T R B A B

SE SRR
1 2 #L 4R % 3t(pin-to-surface plasma system)

2. kBaRE #(solutlon plasma)

KBRS
B FI FE A T FATHRGRE P h 58P > 1
AARITTEAG LA F e §ERTRE KRB RE AL TR TR RS
o Bz Vo kR AR AP E TR LM FTRIT B g &F
P ET R I RABRRT TR Do F OB B ER S HA S A E S
- S

7

AEACR 2.6 9T 0 B TARYE E ACRIBRN TR BT RE KRR

Y

3. #&3T R W& T (miniature inductively coupled plasma, ICP)
SEFWA B THEFRT I RO UGN EAL DY B0t

REME LA
SR AR <~ $F 4(12-20 Lmin™) ~ ﬁ*} » 3 F(kW)eE £+ » Hopwood
BBE R

rﬁ@?%<
4 9@ 0 (<50em’)? #o) # F 2 R(0.5-20 W) e 7 R
SAKRICP A7 #03 BE T A#H

;l\» ’ 'QFEE‘] 2.7
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4. TEFWEKT #(capacitively coupled microplasma, CCMP)

TEME TR - AT (1356 MHD) L RIS E - ¥ - Hies > A4
Fel S RE DR FARNA W2 Lo BEAL b THERFF O THIBAT R

¥R L i WAe 2 5 pdpd 8% (RIE) » Yoshiki & « 20z B o
% 600cm’ ~ M FF RA-5W)eh7 5 484 MR R AR 280 TR &S e

’F? ?_, P ?F‘?ié& °

5, AR FRTKET #(dielectric barrier discharge)? 21-24

¥R I ’ﬁ%%@’z%;‘affu&&# Ltz - A TR TR
‘E’:‘,\:”‘\A ﬁz&‘];}'&‘m%" ) I—L 7]" |ﬂ“?ﬁ‘ﬂ“ ’f Jhi? };@;’H’ﬁ gfﬁ#&}l]i ;\“0
TP RLAmy %*mm]ﬁé_iw\ ’ gtt—s‘;aiz.4.1z&:i ke o

6. ¢ ZHERTKT *(microhollow cathode discharge)

PTG TR (G- TR MR F Y B
E gt PUECH Mok dhat i o Bl » EURF R TRA A IR P OTERE P
4e§l 2.9 #rF o

7. &R #"? »(microplasma jet)

FEESE RS SRS I ERE FNCE EREE Ve B EIEE 2T
TSGR R F R F R T AT R G R
W n 2627 yoE] 2,10 #F o
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RF generator
13.56 MHz
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Top ———
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— Gas inlet
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& ooy Gpoh o dE — 2 20
B 2.8 mﬁ%ﬂ@-d:ﬂ&mjﬁ/ p )
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layer [ayer

o

7

1300 um
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2 ARl (3) A S A ROET RRE TR BRI 4 g
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4. Fowm R
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= 37 le

e 7 FaEaBkEd S TR RGP RAARE M AET R

RED SR L ARMTRLIEF ERE 2 RF e G

5. sdriv g

5]% A AR R RS o R AT L B DT KRR R B Aop
Tetg & TR HRE 2L R D g F o § R R S i £
BEGR RS i gcoc ke ko T R BB R RS S LI 24 B Fe ks
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?%ﬂﬂy%ﬁaaéﬁ%+’ﬂw“ R ek 32
EERE AR AFTHTF ol p ARFEI F G # Abpd hE 3 1 ki

ﬁ%ﬁ&ﬁﬁﬁ?ﬂ%@%’%@%ﬁﬁ%%%?uﬁ%ﬂﬁ%%?aﬁé?%
kK Fl|ARRF A F j&:#’rmgb Fe oo & B R R 5 3%k Sk ¥ (atomic
emission spectrum, AES) 2 2 & 3 3z 3k % 2 (molecular emission spectrum, MES) » 4
B 2.11 #951 » d kPl R 23 0 g B2 5 %ﬁﬁ ATk R TH T FERF

FRRFELT S FILAFTHRTE ?ﬁv‘?#imm]\%ﬁﬂ—% 2o — o

ek kRGN T R A

Wi

& & ¥ (line spectrum) #2 3 & & 2 (band
spectrum) » ¥ B+ Glde B F M A AR R 0 EHAERR 3 5 AdRE B
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NGRS 0 4 fjfu{ﬁ#%;ﬁ DA KR PR o A E G 4R s
RREAP AL DR > RS > o BRG] KBRS LSS
e L X3 Ak “f,fﬁg’ﬁﬁ’xlﬁﬁgéﬁ Fea A s 4oB] 2120 =T F A PE2
B G asrs PR BA T R A R TR ARk Tk g (V7
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231 F LG HMGRIEEZ RIZ

TFLEPFEEAFE udmkr > fHRERALIERZ EFRESR
AR PEAR BB AR e 7 I REE-FTRBE ?5%‘? R EN P F &
FHRE ¥ B A 4ot 1T 4§ WehT BT R §F 40 K 19 (gas
chromatography, GC)~ & = ¥ ## #& ‘= ¢} 4% 5k ¥ (Fourier-transform infrared spectrometer,
FTIR)% » @iehg R PIEWHA R~ 2 fwﬁ ¥ S AR REE D F AL

Wl R Eg TR R4 o MRRIEELDERY

W2 E R FHERPETT RE L WG E I e RAIRF LY S 0 A
F R 5] B oo de it B Rl 4 hE R 45 ¢ R1E *Y(limit of detection, LOD) ~
Tl F-ERP-FIARAMZE GRS ASREFT LM FHERTZERTE

FHAZEFREREREL: LR pHFhA M4 210 -

(s

1. k33 it g B % (photo-ionization detectors, PIDs)*6->

KFLF LR E R AR 2.130 %ﬁ—ﬂ BB EFGLY SR hRAE)FRFR
AF o @ kI g Y A 10eV T o AR ERG B A 2 2
BB

F F (PFEi 13.6 V)~ § & (PFHEa 15.6 eV)* TR B F 0 RIS 4
=g A 4

TmEEA L5 Bl s ERHRIME RS R ERMEL

\-s-

2. LI SRE

W 214 T ERAEREZH A Apcipasnds o d THRETHERE
FIEIEIFTHRALFFE A F R 2N A 2T AR RRIT R
HiE- 433 ﬁo%ﬂ$@%ki@Jmﬁﬁ*%iiﬂﬁﬁﬁ@’§?ﬁﬁ@
Pty CRERTAPERBRLPE W EFT AT 0 2 TR K E
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5. 45?},{, 3{26263
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%
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[

TAEwAAELELE LR A RAT LG HpEa
kB T IR R LR A R A R g g - FTIR
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221 ¥ AAFMEREEE LT i 44,64
ERE WRE R Fuk s
i 5 EHEEE
g i ppb <1 min
F - FIRIBR
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FATERER
vt ppm ~2 min 4L i
PEHE - F A
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ML RA F ok
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42 ppth o A EEML
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gwﬁ‘ Zav #% = Y
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FEE - F
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Thermal msulator

(S10; aerogel)

Microheater
+ Pt resistor

Bl 2.16 R4 gpplBr L WO .
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FRTEDRY 4ok & 223 Bl @ FFEFAE R L a7 FA8 )
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R A e I A 22 0 B Y AR O RT3 F RE
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FE R D FIEEEA < (2459eV) HARRBE T B EF AR R L 3K
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FRAFARLEP PFARLIREILS S BRI B L I R GeF-2
WARIE S F A F ek R B d BRG] IS AR R e S
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il L B vﬂv‘ FAAP A RGP oM F] S KRG FERE DN é}]?%i

B ek n ) § G L HL D .

B R R G B i B A T AR Y oAy 5o
%gd R P Aok NI 0 Rk R 2 et @V SRR A e gy O
69,%“_,,@ 217> ﬂé\«?&%%% }%%i#q g—}'ﬁ;}i‘fr 4 ‘:}’Kjk’aﬁ:y}é, r}# ﬁ\g#m,;
PR ETEAG S FERPIETSHERFMERBPIEDT o

Bl 218 #7 &g B PIFIT RRFF P ELITR ES P 4 Kb o T

» R SR R T oAy i B BT B o F R R E 4o ¢ EC ~ MOS ~ PID »
NDIR > &% ®8 A -] endF Lo e F 2 i — = B &3 ¥4 : FTIR ~ GC-MS R i&

.7.

B AR A A KA ’i‘é"%’fﬁﬁf;bgﬁ“m)@/? ?ﬁif;l‘g Kl et oo
FER® 2312327 P AG - AR R LA B SR LB
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% 2.2

TR SR T T IRy
# i P , v PR R =i
it % Fa R R T O
2008 . A IPA
Mitra et al. % Air  Pulse DC cetone * 50-100 ppm N
Mi trzaogtgal 66 Air DC Acetone 17 ppm N
2003 Air Methanol 41 GC A
Duan et al.¢ Ar DC Toluene 2.6 ppb 4
) He Dichloromethane
Acetone
Hexane
v 201 t5 o N DC Methanol 12.3 ppb N
eng cetal Ether ~ Benzene
Triethylamine
. it * CL -~
2016 DBD chhllloromethane LDA
Jiangetalt AT Chloroform 0.1ppb  pep 5= 2
g ’ Bromoform % el o i &2
FEH G B
2015 Benzene
Jiang et al.” Ar DBD Toluene ~ Xylene 200 ppb N
Trimethylamine
2015 n-butylamine #* GC 4
Lietal.”? Ar DBD cyclohexylamine 1.8 pg #r
Methanol @ GO A
2014 A DBD Ethanol 0.12:028 . 'y
Han et al.7 r Formaldehyde ng 300‘°C B
Butanol %
CCls ~ CHCI3
2011 CHxCL 0.02-0.3 #* GC»
Lietal’s Ar DBD - char s cHacHu ppm £
(CH3),CHI
2011 Methanol
Wal et al.® Ar DBD Acetone 0.9 ppm N

Chloroform %

PRI N R ARy e .

24

doi:10.6342/NTU202102106



2228 FERLEF BI oo RERRIZ Y Por AR

=i . cmms swmme | GEEY L
e ¥ Fa RRENE Rl 55 By || AT
2003
Guchardi Ar CCp 02 ~ CHy 30 ppb N
et 31.76 He Ethanol
1965 ) N
McCormack Ar RF 14 fa5 ¥+ 10716 g*g7! e Q,GC *
ot al.65 He plasma 4
DMF
L 20i71 0 Ar DC n-Decanol 50 ppm N
uo ctal Formaldehyde %
Acetone
2014 Ethanol
Vander Wal et Ar DC Heptane 14 ppb N
al.s8 Nitrobenzene
Toluene
2014 Ethanol ~ o
Luo et a1.77 Ar DC Methan()l 03 A) N
Acetone
Methanol
M 201? 178 Ar DC Hexane 2.6 ppb N
eng ct al. Pentane ~ Ether
Benzene
2014 Triethyl
Wang et al.”’ Ar DC phosphate 41 ppm N
2012 Triacetone P
Fujiyama- Ar DC triperoxide 5 ppb ‘ i}&;#; !
Novak et al.%° Dinitrotoluene
Ethanol
1968 Ar Benzene 0.01~1 % GC A~
Braman DC Tol ol 9
¢ al 8! He 0] ueneﬂ pg*s o
ctal. n-octane *
Yanzgoe1t6al 82 He DBD Acetone 44 ng N
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2001 Acetone
Tin et al.%3 He DBD Ethanol 200 ppb N
’ Aniline
Dichloromethane
ML N R ARG R e R o
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i%—ﬂﬁ 7—1‘ » ﬁ,j]% ,% lé: ijé‘lkﬁ (gzgfs ﬁ’si%«_) ITPT
Benzene
2004 . 1-Heptene e le
Guchardi He CCP Toluene 126 ppm 4
et al.3 o-Xylene
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Hoskinson He RF plasma  Methane ~ CO> 1 ppm N
et al.® H>S
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Eijkel et He DC Methanol 800 ppb @
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2 2
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B 2.17 & § H¥E 7 #4 2< £ £ (a)Acetone » (b)Ethanol » (c)Heptane >
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EC ~ MOS ~ NDIR
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 ——_—
more
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FTIR

.
.
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Multiple-component sensing
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: /Wy
g 4 ]
)
2
p Y 0)Casel z3
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Floali.ngelec_uode (FE) ‘E
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‘ (o) Reference structure (Polyimide) X % ==+ Case | (above FE)
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3.1.1 ?%ﬁﬁ?%%ﬁ@%
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(2) (b)
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A@ miesle— 69
C Ground ej]ectrode Ground electrode
W32 pRATFRTELZ AE@A S~ FH TR (D)4 » F8 TER
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Voltage (V)

Voltage (V)

3000

—— Voltage Output of Module

2000

1000

-1000

-2000

-3000

T T T T T T T T T
0.000051  0.000102  0.000153  0.000204  0.000255
Time (s)

B 4.1 2R 51:", 3.8 kVpp ~ 36 kHz #sin ;& °

3000

—— Voltage Output of Amplifier

2000

1000

-1000

-2000

-3000

T T T T T T T T T
0.00182 0.00273 0.00364 0.00455 0.00546
Time (s)

Bl 42 &= Efi N 44 kVpp ~ 2kHz sin it -

48

doi:10.6342/NTU202102106



2.5

= Voltage Gain of Amplifier
2.0 1
|
]
]
1.5 1
£
8 -"
]
1.0 1 = = = -
0.5 1
OO T T T T T T T
1 10 100 1000 10000 100000
Frequency (Hz)
Bl 43 A2 FR L] Vpp #H T E S M E

49

doi:10.6342/NTU202102106



412 ¥R iER

BEFEII2ALAFML ST PRI LS MR AL FER A P
HZ MRk R E BEk iz 0 (B’»ikaﬁ“‘%o@ A e A SR
NRFMRBF SR A S e MR FRATFS AT FRRBLE 4277

Gk = P EENERIBEFFTIRLF

Ao # ¢ % e 8 MGD ¥ 1 448 kVpp ~ 2 kHz iF 2 Bb T % > feB b 3 F
% 5 ~ 1000 ppm ¢ fig ek + KT B 44 Q%J;.mylopa 'MGDA 3 R 403k3t
MGDA &2 MGDC sk ks & ~ HFHCEIPHZ AT AP EALR > Fls AE CHF
B T AROn fidp e o LA Pﬁﬁf e N B e I T RIC G E
ERHOT R RAERE AT RE QEB?‘E}}?%Q Foervi A TR SR R R > Tk
@%iﬁﬂ;f%/&ﬁ%ﬁ“?uﬁfﬁf@afg?ﬁé}f‘%%Ffﬁ%i%ii%;ﬁi)ﬁiﬁi’%%ﬁé}ijﬂﬁ%ﬁ

A

%43 > ¥ > #iF Lissajous figure £ B/ 7 4a f& MGD i £ £ BT 40 e o

MGD D &8 THad ff - AL T 8§ 358 R 0 ARG 41%  F x5
BRFBAP L FF § BACE TR g 4 > B RIE A I A R Stk iRl T 5
Mk A e ON 2k U BLI3S » fsh B PR ™ 5 3 FIRRSL Gk R @ AR B i
BEEAR A > 388.8nm ¥ 1§ F HHcE & MGD D ek ¥ A dr ] g g o

IET T hZ 46 MGD > MGDB W3 ## A B 1.5 )0 ¥ feB 519 %2 R 4o
Wk R SRR T RR R KR P AT D 0 SR 2 R R B 5 R R
¥ 5 A MGD Flif i@ * & & P e I § 0 IiE 422 P MGD 8 B € a8 i 6

i
TR sk TR LA 2 8 2 o FASURAR T 08B THRR T 1 T A

0 SRR S S Bl R 0 X5 MGDB &BAz T Y iAo
W R LA-R 45 T 0 BAR AR 44 P TP gD 2 MGD B g P
1000 ppm & f ek 3 A 383 ~ 388 nm ek i3 0 P AR BN iR 2T andh g
% T s B RS RIT DA AFE RS AR TR 250 o A g BA
A0 B KRG~ BRIHRT o gt b > MGD B 55k 38 & 500.2 nm > J1 I PR chA Sk
kg o Bk Bk iR R R R o B 45 B 4.6 17 o

50

doi:10.6342/NTU202102106



L MGD il 427 % £

,ﬁ 2 ezt 3

¥ ,ﬁ x5

Ay
NN

kg H 8 =

e R R

:F'J “L%'Q\T'Eg] 47 » MGD B 1_+_I‘5 mw. /?J ?%’

sh‘_ﬁ)r"—‘—l-—‘ ’ /ﬁ %511'4 %ﬂ# ﬂ—\ﬁi" ) “,:'l:
$940 MGDA 597§ » 115 # % 654 o £3heni %o 4 01§ p LACE

MGD ~ 4p I+ R 5L

A AT G AR F AR R B e S

51

’ﬁﬁ%ﬁﬁguﬁ
T Bkl oo

L
v

doi:10.6342/NTU202102106



Bl 4.4

Intensity

Intensity

40000 - 40000
—— MGD A Air —— MGD B Air
—— MGD A 1000ppm —— MGD B 1000ppm)
30000 30000
f
20000 - 20000
10000 4 10000 | : I\ )
S N
. Ny
/ N
0 T T T r T 0 r T T T
350 360 370 380 390 400 410 350 360 370 380 390 400 410
40000 - 25000 -
—— MGD C Air I—— MGD D Air
—— MGD C 1000ppm —— MGD D 1000ppm
20000
30000 - I
15000 -
20000 -
10000 -
10000 -
5000
0 T T T T T 0 T T T T
350 360 370 380 390 400 410 350 360 370 380 390 400 410
Wav. (nm) Wav. (nm)

B E T AER

2

3+~ B 44kVpp ~ 2kHz if

4

FHEk X

MGDA ~MGD C ~ MGD D # 4~ P 2.5 ) » MGDB # A FE & 1.5 ) -

B 4.5

40000

—m— 357 nm
—®— 375 nm
1 —A— 379 nm
—v—399 nm
30000 -
> ]
‘B
c
QL 20000
£
10000
o
~m
o — 0 >y
= SN
O T T T T
0.00 3.75 7.50 11.25 15.00 18.75
Time (s)
MGD B % 4.4 kVpp ~ 2kHz if it T Bhde 3 § T 8 (4 PF I

154) BY S BFfocke

52

B
B

doi:10.6342/NTU202102106



2.49

— ™
1S
c -/
™~
S 166 .,;-H___ﬂ_/
0
IS
[ o
(8]
w0 ./-
T3] g
@ :
-9 0_83 - o s s el ]
E - -
I'u LT
- ?“ !‘Avq_,_d i‘ ™ ‘L Al
‘ frus 1 W ol -\-.WI"J
0.00 | = e
0.0 4.5 9.0 1358 18.0

Time (sec)

B 46 MGDB & 44KkVpp - 2KHz i # 7 Bde % § T (B4 PR 154)
Bl 5 500.2nm sk IR  72E 2§ 356.9nm g ¥ E B > 40T S A

W

0.6

0.4 1

Power (W)

0.2

0.0 -

A B C D
MGD Category

Bl 47 56T iRE 4 448kVpp ~ 2kHz £ T s MGD # #- 10nF 7 %

P8 e 4 S o

53

doi:10.6342/NTU202102106



413 sk

#Eﬁizkpt&ﬁ ,Jﬁm,};:;?]u}J ﬁg*ﬂ,a ﬁ;x,)\ » B m,j_#;ﬁl iﬁg@%ﬁbim
R R MR AR JPT R T LR Y R e g 4 R R E o

W 48 2H 49 Gk FL R R ET RS RF LA FRATER - LRLH
g e cnpt g o B SRR S R TP g R kA B 48 R £ F W
49 @ * 7 F ivsfng Ay

BT EFOFLPIURF RS R 200 ppm e fREF o LB E F RFHITEP
Bypudie fRend ho gt b g F IF S N F Meng k¥ 5 CH(431 nm)-
Ca(469 ~ 516~ 563 nm) % 22 F $4r chis B B 4B B e ok B > 7 OOF L e
TR WPRR DR o

Bl 49 PRI * 3§ 105 §40n § W R 3000 ppm & fF 7 F > 63 Kje s3] eh
Hobt ok GH BT IR Ok o - AR TR R T A 4 ik Aot ]
AT o i k& 5 3000 ppm v 3 AR GE RRE R G G B gk
**ﬁﬁ@H‘Q‘a*Cm’ﬁifw~4$%ﬁﬁ£ﬂ°%a,ﬁp;%m,
LHF RS LA TR S R PO =) CNKR I P AR DF

Wt O B TH > SRR A2 T §iE - Rp

54

doi:10.6342/NTU202102106



6000

—Ar
— 200ppm
c2
4000 A
2
2
e
= CH
2000 'J
| c2 “\ c2
w bk
0 i i |
300 400 500 600
Wavelength (nm)
B 48 m& @’fs‘ffjs?‘] 1 3.8 kVpp ~ 36 kHz 1200 ppm & f% k3 (& # R H)2
B R
60000 -
— Air ‘.
|— 3000ppm
%‘ 40000 -
o
[
™ 20000 -
300 350 400
3000 -
— Air
1T— 3000ppm
> 2000 -
2
]
£ 1000
0 : . : : . : g
450 500 550 600 650 700 750 800
Wavelength (nm)
B 49 rees Fad 3.9kVpp ~ 30 kHz 693000 ppm @ iR £ (F F RE)E 3

A=

55

et

doi:10.6342/NTU202102106



414 PG P L

FFokE LN B ERCTFRAR T WP RAREY FF R
FBETT RRGETRA T wpM > Fl 2 R g A S R LH
PR R S N RR ST A SR
AEBNATBREFFEAEF TR R 39KVpp T 0 FAFHL30KHz 25
kHz > ¥ r2p" 5% 28] 4.10 5 2| 3000 ppm e f k3> )L £ 383~390 nm § P & <0
R ENIR AL BT F RF L G B R g FHEF TR 0
- BB TRET 0 A F 4 20kHz "5 3 10kHz ~ 2kHz % ] 4.10 2R
I R R BT B S oB] 40110 MEEAE S enE ML L A Rk Bz 4n
Ot A TR BT AL I 0 R B R ok ARAER B -

F oM chdE Rk AT S ] o R kY AR ko A AT R
T e R R B 412 AL RGE AT TR T
JEAE B 700 ppm /L F Rl F] 12000 ppm 0 A K Ak F e BE AR R 22k R 03 4
i le AR %Y > FE T 383~390 nm e ik g e mﬂwt FEMIE AATH
BEgfIT kARG L PR LY R EE -

ES Eplu{ﬂ, e fa A+ ?}* ek > AFT g 18 Specair HoHR
ZAREDT RS EFE > ADFEROTIER A RS HE B8R
BRI F TR LMY RS- 5% A 55 8000 ~ 3000 ~ 1000 ~ 1000 K » i
Bk @t » CNAF T 112 { BACNER AR it > B 2% 4H
413 S F CN &+ & 9 ehik B0 L3 1 0.003% > 383 nm ~ 390 nm 77 ik
R H ARG R R BT RE  FIM R R FRELS CN & ST
PR Bl L g sy 72 F § ALY SR RF AT R LA 2
EEn B g e gl o3 kT o ptob s At kb w e
387.8nm : H ¥ enfptF ko

Pl kAT e GBS g e § R RHFF I PP nE o ©
kR T ek et 55 ON A S 0 2 R iR]S S0k T IR o
TUSERNTRAGCET RS S TS AELRTERI R OTR S L
RONFEAERRFEE MGD # i 2HBARTOIT AFLERLRR

56

doi:10.6342/NTU202102106



EEEEN 3 ARERFRCCD BRI o0 2 LG BEF T PR
CHF F BT R R 405 nm o (T RHEIE L ik o L1 LR R R SkiE S
THCN FERE AT TRBE Sk PR FHREET AL 387.8 nm
R FoemEHO BRI HLF RERE EE B FEARER Ao
4.14 #557 o

PR LR T ORFTIE RN TR S R R WS R 415 9=
ARRF BB FERN G TRF L AR NTRE I L AR R §
TR BRPRHAGTAEARLE AT 165 B o d ¥ v F- B A HpR
THEBER TR G B BAOCERE R T AT RS R g SR

£ rm?m FAEGREITF G B AT T o ut vt B AISHRET LR TIERT

PrAe e B R ELdp 51 B H U DR O SO e 3 R ULt f
P A el 35 -

57

doi:10.6342/NTU202102106



39000 10 ppm (AN 30 kHz
1— 3000 ppm Nz
=
-
o
i
=
—— 0 ppm (Air) SkHz
1—— 3000 ppm
2 20000 -
]
l.:
>
=
B . N\M
0 T T T T T T T
360 370 380 390 400

Wavelength {nm)

410

B 4.10 2z BIRH ﬁ;?]ﬂ!i{’,@rﬂﬁ;3.9kVpp’ + B 5 30kHz~ T Bl 5 SkHz

13000 ppm ¢ fiE k3% er 3 5 ki o

1.0 .-\
o PN A NGV AN
= 0.5
& A
—— 0 ppm (Air)
0.0 . —‘3000pp:'n
1.0
...2_. / ‘;’/\\_
a 05 = - \
o \
0 ppm (Air)
0.0 : 1 : —3000pp{n
1.0
o
& 0.5 -
nc N
—— 0 ppm (Air)
0.0 : 1 : 300(.]ppm
330 384 388 392 396

Bl 4.11 =z~ Bog# ﬁéﬁﬂzé

Wavelength (nm)

R H % 44kVpp » #f 5 20kHz ~ 10 kHz ~ 2 kHz

7 F k327 3000 ppm & fiE % 3# Ak £ 380~396 nm ch%g it ) o

58

doi:10.6342/NTU202102106



15
—— 12000ppm
CN 387.8 nm 4000ppm
i 3000ppm
)’l —— 1500ppm
J‘,J 700ppm
1.0 4 — 0 ppm (Air)
Qo
©
o 2
05 - \t/ L
0.0

T T T T T T T
380 382 384 386 388 390 392 394 396
Wavelength (nm)

Bl 412 mc B 33kVpp » 10 kHz 12 g8 %3 (% 4 ) » ON s 4

Ratio

Ratio

Bl 4.13
CN >

P-4

/%fi%'b T]j°

—— 12000 ppm
——— 4000 ppm
—— 3000 ppm
—— 1500 ppm
—— 700 ppm
—— 0 ppm (Air)
T T T T T T T

360 370 380 390 400 410
4 —— CN 0.003%
Simulation CN 0.002%
— C\ 0.001%
—— CN 0% (Air)

Experiment

T T T T T T T T T
360 370 380 390 400 410
Wavelength (nm)

Specair i-#t7 #4532 § = J]E‘ WEEY A2 A FERF A
AEEE 7Ry i 2P %‘H@s‘v%%gﬁ:é $CN 5 £ o

doi:10.6342/NTU202102106



— Air

10
C N —— 3000ppm

Ratio

0.0 T T T T T T T T T T T T T T T
382 384 386 388 390 392 394 396

280
Wavelength (nm)

B 4.14 % & CN Fpcd £ =¥ 387.8nm 2 fifde » {8 a5 5L o

60

doi:10.6342/N'TU202102106



415 THT AR

TR AR & 3.2.1 4 % e Lissajous figure » F 2%+ @ % 10 nF & % »
FORETRISE N PHOT PSR BRADTEY P B T
3¢ 10nF 03 F » & e % B 3.7 Capacitor fuin7 3 1 ;ﬁ’;’:?j‘: A ALR B &g AL
A% 5nF~10nF~20nF » /E3niE * % £ 2 B Pl & hr fEM > K8 4.16
Efﬁﬁ%]ﬂ‘éﬁ@‘*fﬁi?‘ﬁ? FPFEEE A2 AP BT FET LRI EKLIET T HE
PERSEEEFT T

\

- 414 F RIHIDAI N T RIS > &3 FFRERPTRER St
FE T

&
» # | £ Lissajous figure e— < B enf > BiF TR # 525 5 LFHME LR
2 FenBf B AT ERIT - F AR 415 P siE i i
BB RIRATE 4170 T I‘ EE AT EENERAE S

p
Wz BFgitd 2% Ba IWNHTAERREx B MA@ 1 LR 3=

-

Brib o AR FRPILY RS BRE T AT E 414 RN PER 4 R S &
7

FEF € TR G P ok P Az Wdep > AT S BER 417 F 1A
EEARE R S I TP ok s .

2 }I%J i# * Lissajous figure :* % 4 & &3 & k BEHE SO RE o X F TS
BT At A A4S @&ﬁm“ﬂbﬁﬁﬁ gogpham g T AR

BRHEE S REA GO RSB 4180 RATFH A F R E LF AT

Nt

BRI AT AL EERR Ry R A E 4
BY @i s B ho ] power £ B €3S Bt oot a AEIRGOT R EPIEE
4ofl 4.19 #n 0 AR B MGD hE RIT FARA FRIIDTR 0 BIPN mSREA
T BLE FILINL O HER ’J\W*Imﬁﬁi’ T O I B+ power AP BT B
‘] power > f— BHPRF ORI AT FE O HPIEFRTFLEKEDLE > @S

power f& % # g d o

61

doi:10.6342/NTU202102106



2.4

3.8kVpp 5kHz
4.52kVpp 2kHz
3.72kVpp 25kHz
4.56kVpp 20kHz

2.0

1.6

Power

1.2 4

0.8

0.4 1

L | e

L=

W 416 = TR A

5 10
Capacitance (nF)

FiER e ke ML FT ERIT RS

20

<& w 5 510~ 20nF ©

0.4
©
=
2 o024
0.0
0

1 2
Power (W)

RS

B 417 £7] 3000 ppm o fF e ON SUBLSER 4 5% 1 A4 B > i F g

5 4e ON 22k 30 8

62

doi:10.6342/NTU202102106



Vai (V)

Vai (V)

5 0
——4.36k\Vpp 2kHz] [——4.32kVpp 10kH]] —— 4 44KVpp 20kHz]
ey 24 i
03 12 h l i
£ | g KR £ |
202 EE B
5 5 5
o o Loy
01 "
06
0o T T T T T 0o T T T T T 090 T T T T T
0 ] 10 150 20 ] 2] 100 150 00 0 50 100 150 m
Cyde Cycle Cyde
10 Ell 50
£36kVpp 2KHz] [ J4.32kVpp 10KHZ 14 44kVpp 20Ktz
- ] M I []
El
2
2 2 2N
5 5 5
g 3 3
2
10
10
H W H m H
0 T \H T T I_‘\ 0 y T T 0=y y u H’_l’_‘.'_‘m
015 2 025 030 03 08 08 10 11 1z 13 14 1§ 18 20 22 24 25 28
Power (W) Pawer (W) Power (W)
2 N 4
Bl 4.18 200 i % #p Power & % {335 o
e T T i o T o ‘444Vpp 20kHz Max Powel]
034w e ks 271W v 6
200 '1‘ } 200 t 200 =
’ \ F1 B \ .: 4 4
i\ \ / \ NP
1000 1/ 1000 10004
\ ’ ! F2
=y ’ < # [P 2-
s S s s L S 3
0 l | / O T Y s = 0 2
| / Y iy 0>
A ”1 /, J q> N Lp> 0>
1000 ‘ﬂ')' AN M -1000 ,.rrr } -1000
LT | ! /r P 2 2
| A 4 /l [
-2000 - -2000 = -2000
T4 36KV pp 21z Max Pover 30pp 10Kz Max Power
—va Le val L4 4
300 . Ve 3000 . i Veap . 000 . ;
00054 00055 00038 00060 200810 000805 200800 100284 000286 000288 100290
Time (sec) Time (sec) Time (sec)
3000 . . 00 . . 0 . 4
iVpp 20KFiz Min Power
0.13W L. Ly 16W = v
1 Y —Veap
2000 ﬁ‘ 2000 }ﬂ | 2000 o 5
i
b A s t2 7 ll}r
1000 \ il 000 | 004 L |
l“\ S > 3 qi b s A A
0 1\-1"\ ! | e 20 . s 50 o
( 1 ‘ ’ PO, G i .
. ! \ La ¥
1000 N R 1000 \ ) 10004 |
i / ‘-
W ! *
2000 2000 4 200
Ripp Tz Power| | 32Rpg 10Kz Vin Power
vall r E\.’al [
200 . = b L 5 o , s
007 10276 00278 00280 00013 00013 100140 000086 20008 10082 -0.00080
Time (sec) Time (sec) Time (sec)

Bl 4.19 Power {33 B g ac T ¥ 8 o

63

doi:10.6342/NTU202102106



42 pUKTREREFET BFRERLR

421 A REER PR

53
(RS

B R e AR E 30408 d BT RAERBEERS

R
-

\rmL

HRHECE S AR e -5V B r L A R 3.8kVpp ~36kHz 5 R L 4L p
WL R AL KR BAT R RF DG B4 R SLeB] 3.6 9T o 11T b4 i
h
v

’*p%ﬂl—‘l@ﬁg’ﬁ?ﬁ”‘% jj{»é_if;,_m%’gi IE‘/FJ%\;EJVE]"TF;‘JFIQD

A FRBE T p WA R SRS MGD A 4 kg 2c X Bt e §] 4.200

Y

KF RS RPN EFZFRF T RPELIE > RFPT A S S F

/" m

=k

*32%’:{{’15 > A Ff'i/f@ﬁ_%& 3.8 kVpp ~ 36 kHz #1=2 /7:1 =N /‘;. jﬁ’ﬁ;« m;4 , l:ﬂl«LL
GApiT ek A2 T o f A RKE R F R 200 ms hff A PR > T L] %%
OB AR AP 2.5 fyihig B ORIE o

@ p WA R e R R ek & 4130 BRI 2 Fa AN T REE
TSP EREAIEE > L AZKERT -'”/7%]»1 i 2T e R 3000 ppm =
e Rkl o doB] 4.21 Ao 0 U pF Ak CN FFjfcck i 0 @ Pegid: e
Foooh R s o B 422 28] 423 fy b p W R R Rl 0 B OREARA Y
HRSIMREE R ARMR OGRS T CN B s § § #E 405

4

375-399nm » MEF P MFR SR > L BRI EE AT T URIT e BEF B
W MR EER A& 3000 ppm -~ 0 ppm 2. FFeifp i 0 kkEBR AR Lk p R
RIVERR S PRIER AR e 50 R RR R e W 422 22 423750 7
he g b BAe TR R g I R R F AR R R
BRI & fn & ON FHE i gt E v ARG F R MR P B ghde iR
AP op R REC e R R SR ¢ 2 RIT] 3000 ppm e FREF e

RAA R e T 2 RS RPIEE FIE G A W ITERS AT
pnifBh o AT MH St SREs MGD v A 4 stk R F R Y GuT
B3 s o Hm H iR e & 3000 ppm T 0 AAT Y AR R R B
H I e By %ﬁa’ﬁJﬁkﬂﬁmo;ﬁﬁﬁﬁé%m FHLEW 3.5

64

doi:10.6342/NTU202102106



P BRLCRHRTOINF L7 > §REHITR HFAF o mPHNTRE
Hp g gt AR PR B o ERMAIE S e TR o B4t E TR 4.10 TR 0 UL
&émﬁﬁ@ﬁﬁﬁ2Mh’$wg§ﬁm§@%@1%’&%%§§NMD@%
R Shd B TR

&— 598 FFT A 47 By 1 en 2 iisu st > ¢ 9 214o @] 424 coigcs > ¥
ol B b R 5 B R e A o p g § AT BB e
BRApNARTEY DHFBREBE-BITEMRES A 8 5 a2 RTESHRC MHF
ZICHFMRT TR §HEHE LR ARTER LA D% o 55 g 1t
AATT A AR DT RS TR E 2 LBy g SR T P
FAD I A B e IR A5 R BER S ASREPAFT ) WTRAL X

_B-E'ﬁ’]'%;\ o

65

doi:10.6342/NTU202102106



38000 -
—— Module Air
ﬂ —— Amplifier Air
28500 —
P
‘B
[
@ 19000 A
£
9500
0 T T T T T T T T T T T
350 360 370 380 390 400 410

Wavelength (nm)

B 4.20 ﬂ@ﬁ'f’_@?} 41 4 kVpp ~ 36 kHz £ 2% + $¢%Jﬂ" 44kVpp ~2kHz 7 § %

HLP

7000 -
— Air
— 3000ppm

5600 - |

4200

Intensity

2800

1400 +

. , . , .
380 390 400 410
Wavelength (nm)

%,

B 4.21 3000 ppm 2 fg 5 2 R H-E % AL PR o

66

doi:10.6342/NTU202102106



6000 1.6
“WWMMWWMMW‘WWW
- 1.2
4000 -
=
2} o _ L R |
5 R 08
= Mrwgw Vimly
2000
- 0.4
— CN
— 405
0 | . | . | pN/405 00
0 20 40 60
Time (sec)

B 422 2 RH

w4 %3000 ppm ¢ fESUBEAE R E EAT Rl 4 o

12000 35
10000 4 ; MRS -
8000 -
= AN s PPt o1
B
< 6000
g MA“"‘"’MM"MA«\,,JV " W}AMWWW;M"W
= - 1.4
4000 + A A i AR AN AR~ A AW I A W
375nm | 0.7
2000 — 399nm
—— 375/405¢
—— 399/405
0 T T T T T T 0.0
0 20 40 60

Time (sec)

B 4.23 ZBR#EE k33000 ppm ¢ FRIRE R F L -

67

Ratio

doi:10.6342/NTU202102106



Amplitude

300

200 +

100 +

B

T T T T T T T
0 50000 100000 150000 200000
Frequency (Hz)

W 424 =R 36 KHz 3L FFT A 47 2 4 3 ] -

68

doi:10.6342/NTU202102106



F) R o R TR 3000 ppm v W R AR A R kB 0 AR
Mot B~ RACR BT AR ATEF ME R BEA HE R 8 AT
PR 0 o MR Rk Suentd RH&EF4EE T 700 ppm s LT

AR Z 6o H A BSRE  N R R AR 0 R A AN L F R T

R R AT e AF SRR B A REcIp 0 F R Y B 415 ¢ EiEoseh 448

kVpp ~2kHz (T 5 g R RE I » JLiE i @ % 25 Fyenfg A PFFRY > TP~ B 4 5%

£

R ke A

g WAL B AP RE T ol 425 2B 426 07
%o B 425()FF F & PACTRR G PR g B ACE 1353357375399 nm
BB R 4250 TR FEACE ALY R AEPR R R E 75 4
WOREAR T B AR ACE R PRI F & 10% 0 o gt b o B 4.25(b) Fixed 384 4
Bl 3.6 w82 A cn® F% > Random 284 X 4 Bl 3.6 iR B35 A 'FisiEd » B

£ & 900sccm~4000scem 2. FFREHH 1 o PIRA ALY cofgiplac 4 AT EMRERER
B RB TS B %57 & Random fFH25 R 0 A A D E E AR
# > 2732 ~ Random # ~ i& » Random & 7% B £ £ 4 £ 10% 4 p » E_U P Al
'Jﬁ%ﬁfw[%]ﬁ* IR EREEE kgL e .
%0 HEERFE FASERR BRI R ARE T B 426
5 CN 22k 255 & 0 ~ 700 ~ 2000 ~ 3000 ppm 0 5L 8 152 » F sl 1% 5
Fp s BERM2SHMOAERT Y L 10% PN o FHEET " AR B EE
BB AP H B JE R 3000 ppm =02 fEiS 0 FEFEPIE Mk R 700 ppm 02 fF E F A
w 2R L 700 ppm 058 &~ 3 IR CN kU5l A AR KT £

rfoyk g 4 o

69

doi:10.6342/NTU202102106



2. FRiEA

FRHERPDTRFETFT A LF EFREYRPERT > F REF S LU » FR 4
WEE S EPF > ¢F RTIMENR v AEF AL Bl » FRF S SE S
AAE s g w | RAsa B E o A B RIT IR z’:’ﬂﬁ?&g;@\;;ﬁqgégw P E BT
PR~ 5 2 &G Rl RE T e 90% g PFR -

AFPTEEFMREMR K47 R > FURRSCBEF  FREFLE
FRERDERP G F o A URR P FEF CRMR R LR N BT F o L RER
BPVEREN T fRERIDE MR BRIWFTFPRZER AFTHR AR LT LABERD
Il FRe 1000 ppm > F 5 purge B 44 0 B F R T R ke JeB-k i o B 427 &
I B R S 82.5 £ enP S iBAT > — B e ON T %20 5555 & ¥ 43800 =+ > B
FFMREE A5 T T A 10 DIERBL R R 5 90% 0 i T kB
A2z BRSSP T PR w B ARG A sk T g
FRHREL B F RERGL 7542 KLl » o fRehk PR 4R > CN
kgL PR w BT R GBS A ET ERA DIPEATLR A R AT
PRAOMTRAL AR AT F PR RV EARRIVE HF 47 Lk
B Bk g e ARPIBOERERFTLF RECRERNFTER X 2R

VPR PR AR 102 e p Rl e B ] R A E e A R R R MF TR §
FERORAEAL PP - REFEREER DB

3. & A7 & (sensitivity or response, SR)

=

FOREEET N ERACEHIPHE N LR SR MER S 700ppm 0 H ¥
ek % do@ 428 FEkienizd B0 gt kA o A R ok kY 50
REBEBTLCEHEF P> XFPREIRHT FEH > ¥ b3 FER
Ak g > 7 B 4.28 % 1F Specair fiHt k¥ Ak - 1k oo

)

MRS OFMERIEL DD R EHNRRA DAL SR L BRI
WSO EES T §f OT B2 B i ugvv"lfl,( W E R AT R B
RENFHERBEAANOTE S BT e BEFPFOCNRLHR THRS L
PEF A CNREEEPRAE LRSI LA FLEL T FIISRE - 247

70

doi:10.6342/NTU202102106



Bk & 0~3000 ppm e BB~ 7 B 8L > A %[5 20~ 280 ~ 700 ~ 850 ~ 1300 ~ 2000 ~
3000 ppm » feAp e g 1R R S AR ~fE A PR L2 MGD i T e Bk o
FiRBFFEASR TE TN OFEERBERMMHRB OSSR B yRox i kR
#- SR fﬁﬁ’?%&ﬁﬁ‘?‘ﬁﬁ?é\%‘? » H 2% 4§ 4.29 ‘}'"Eﬁ'?b'*?g'éﬁRz % 0.998 5 %1
ARG T G R R S B RARF RN BRI A T L REE
Too BTHFBF RBILORE o ek hE 4 3L B4 SIE S F i (consecutive
reactions)2 = > o - PR A G F S K BT o RTERRE G BIRRZFELY A
RSB o Tl o SRR DY LR AP RIN e RS 4 BB

REFRRREG AT S TeFE ROV

71

doi:10.6342/NTU202102106



(a)

(b)

40000 40000 : -
—— N, Peaks in Air Fixed Random Fixed
B < ry >
¥ oooo'...".".."“..'n !uo.
30000 - 30000
2 2
E E
g 20000 - & 20000
£ £
\\ \\ sl aallang
10000 4 1 ; \, 405| 10000+ ,‘ R e K
\ y i \f ['l 'wvvvvvvvvVvvvvvvvvv1vvvvvvvv"l‘
A WL ‘ ~.
U /‘J '\I T u/ T T 0 I‘ T T T T T T
300 325 350 375 400 00 125 250 375 500 625 750 875
Wavelength (nm) Time (s)
Bl 425 =~ BHRFER AT F EFH (D)F F kB gEE R E R
R o
7000
| ‘ . 3000ppm
5600 - ! } g
1 12000ppm / 1
> i | | o
£ 4200 ' 700ppm | ; | 700ppm
[y ! i | !
) ! | | PISENS
% Air y | i !
2800 4" T : 1
1400 } 3
—=— CN Peak
0 T T T T T T
0 25 50 75 100 125
Time (s)

B 426 2x* BEHBR P L CNBAEEe BEREFT IR -

72

doi:10.6342/NTU202102106



6000
Dynamic sensing for 1000 ppm ethanol —=—CN
1 Plasma Ethanol Ethanol
cin On On
4000 -
-l. a” /- .'IW . -
£ ] ey A Nean/ -
= Ethanol Ethanol Ethanol
Off Off Off
2000 —
0 I I ) I " ) " 1 " 1 * I ' I ' I
10 20 30 40 50 70 80 90
Time ()
Bl 4.27 i BEpds Rk s (p] 1000 ppm 2 B U ELAR TR E AT KRR
it o AR BRER O RS Islme
1.2
Specair
o 81
©
o
0.4 — Air
—— CN 0.0008%
CN 0.0013%
—— CN 0.0017%
0.0 . . : . . -
380 385 390 395 400 405 410
1.2
Experiment
o 0.8 4
™
o
04 4 Air
—— 700ppm
2000ppm
3000
0.0 T T T T T T PEM
380 385 390 395 400 405 410

Wavelength (nm)

B 428 24 ¢ o fpetict BS5p

LRl

%, oy
)
? Lz

B RHEL o

doi:10.6342/NTU202102106



1.0

R-square: 0.998|
08
06 -

= P
02 - }ﬁ
o i/'}’
0O 500 1000 1500 2000 2500 3000
Concentration (ppm)

Z
7;/\

R A

74

s—

e

# RE

2
|

7

Bl pR2 R E AR o

doi:10.6342/NTU202102106



¥5% SHBaAREY

FAEC AR A e e BB BB A BT RS A LR 0L F AR RHEH
Gt AT BERLS » ¢ 5 4 s el AR DR R 0 RN Sk e % F
ELS RS NS EE RS AR L AR R L SIS AR

%ﬁ%+%%o%a’$p;@%é@w&aﬁﬁ S BE TR bl I
Lo AHhE S FRET RIS B B sk TR RETp 10 ppm £ &

fie 3] 10° ppm ¥ & a‘%—?%ﬁr} Lissajous figure 3+ & % #7415 i T thd 4 ]\;4 Y
A e 5 AT ]‘”5 PlZF Y 7 B AT A adaie > oo pbth o AFT T
fORLAET AL KR FH TRARG 4 @I R FE TR o § Rk
SR AR S IR B U R S b R TR s &

ﬁjgi%rg#\/F z‘_\.ﬂ },%'Iw ’ ‘ﬁ}i&’f”% ‘%7\1{4; %’%ﬁ;/i—o

BRI G AFRIFFOMLILAL KR

TR ERAFSAGEAE LY N ETRTET P PR 2T LA R R 4
% 200 ~ 3000 ppm £ F AP o 2 Whopt o TT L AR SrE - eng 4
o BT Jf:é_i FEEF - P NTS18 e ARl ¥ &7 § BRHET 51551%@-3%??%
PHm G LT e R BTSRRI R A WD RAL KR S
LiE2d ok X R T LSRR R 0 R PP 3000 ppm e figE E F A
T %501 FEFE A AR A BFEEATRE L B TR KR
oo id Sl 1 ;‘EH&”UI&LSZ g e T e o

™
£
s
F_\.
[

AR EAET AR URRRDFRPEREY > § A B
D BEALREF KA HAFTRORE L AgF RS ¢ 4o
R S5V - BRILA bubbler ¥ e FH e BRE T
e g LT L Eeh o FIE R R RIRRG O 5 Y
FAoFam o d ¥ B AR TR BB TR TG BRES
LE SIS R R SR I Fihs AL RIS e T i

75

doi:10.6342/NTU202102106



76

doi:10.6342/NTU202102106



$6% %

10.

11.

12.

13.

14.

15.

16.

V. Karanassios, "Microplasmas for chemical analysis: analytical tools or research

toys?," Spectrochimica Acta Part B: Atomic Spectroscopy, 59 (7), 909-928 (2004).

S. Brandt, A. Schutz, F. D. Klute, J. Kratzer, and J. Franzke, "Dielectric barrier

discharges applied for optical spectrometry," Spectroc. Acta Pt. B-Atom. Spectr.,

123, 6-32 (2016).

Y. L. Yu, Y. T. Zhuang, and J. H. Wang, "Advances in dielectric barrier discharge-

optical emission spectrometry for the analysis of trace species," Anal. Methods, 7

(5), 1660-1666 (2015).

I. Adamovich, S. D. Baalrud, A. Bogaerts, P. J. Bruggeman, M. Cappelli, V.

Colombo, U. Czarnetzki, U. Ebert, J. G. Eden, P. Favia, D. B. Graves, S.

Hamaguchi, G. Hieftje, M. Hori, . D. Kaganovich, U. Kortshagen, M. J. Kushner,

N. J. Mason, S. Mazouftre, S. M. Thagard, H. R. Metelmann, A. Mizuno, E.

Moreau, A. B. Murphy, B. A. Niemira, G. S. Ochrlein, Z. L. Petrovic, L. C.

Pitchford, Y. K. Pu, S. Rauf, O. Sakai, S. Samukawa, S. Starikovskaia, J. Tennyson,

K. Terashima, M. M. Turner, M. C. M. van de Sanden, and A. Vardelle, "The 2017

Plasma Roadmap: Low temperature plasma science and technology," J. Phys. D-

Appl. Phys., 50 (32), 46 (2017).

N. S. J. Braithwaite, "Introduction to gas discharges," Plasma Sources Sci.

Technol., 9 (4), 517-527 (2000).

P. J. Bruggeman, F. Iza, and R. Brandenburg, "Foundations of atmospheric

pressure non-equilibrium plasmas," Plasma Sources Sci. Technol., 26 (12), 17

(2017).

D. Pappas, "Status and potential of atmospheric plasma processing of materials,"

J. Vac. Sci. Technol. A, 29 (2), 17 (2011).

M. Laroussi, "Low temperature plasma-based sterilization: Overview and state-

of-the-art," Plasma Process. Polym., 2 (5), 391-400 (2005).

S. Yonson, S. Coulombe, V. Leveille, and R. L. Leask, "Cell treatment and surface

functionalization using a miniature atmospheric pressure glow discharge plasma

torch," J. Phys. D-Appl. Phys., 39 (16), 3508-3513 (2006).

Z.Bo, Y. Yang, J. H. Chen, K. H. Yu, J. H. Yan, and K. F. Cen, "Plasma-enhanced

chemical vapor deposition synthesis of vertically oriented graphene nanosheets,"

Nanoscale, 5 (12), 5180-5204 (2013).

J. W. Coburn and H. F. Winters, "ION-ASSISTED AND ELECTRON-

ASSISTED GAS-SURFACE CHEMISTRY - IMPORTANT EFFECT IN

PLASMA-ETCHING," J. Appl. Phys., 50 (5), 3189-3196 (1979).

B. O. Aronsson, J. Lausmaa, and B. Kasemo, "Glow discharge plasma treatment

for surface cleaning and modification of metallic biomaterials," J. Biomed. Mater.

Res., 35 (1), 49-73 (1997).

K. Tachibana, "Current status of microplasma research," IEEJ Trans. Electr.

Electron. Eng., 1 (2), 145-155 (2006).

K. H. Becker, K. H. Schoenbach, and J. G. Eden, "Microplasmas and

applications," J. Phys. D-Appl. Phys., 39 (3), R55-R70 (2006).

D. Mariotti and R. M. Sankaran, "Microplasmas for nanomaterials synthesis," J.

Phys. D-Appl. Phys., 43 (32), 21 (2010).

D. Staack, B. Farouk, A. Gutsol, and A. Fridman, "Characterization of a dc

atmospheric pressure normal glow discharge," Plasma Sources Sci. Technol., 14
77

doi:10.6342/NTU202102106



17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

(4), 700-711 (2005).

C.Y. Wang and C. C. Hsu, "Characterization of plasma in aqueous solution using
bipolar pulsed power: Tailoring plasma and optical emission with implication for
detecting lead," Plasma Process. Polym., 17 (2), 10 (2020).

P. Bruggeman and C. Leys, "Non-thermal plasmas in and in contact with liquids,"
J. Phys. D-Appl. Phys., 42 (5), 28 (2009).

O. B. Minayeva and J. A. Hopwood, "Emission spectroscopy using a
microfabricated inductively coupled plasma-on-a-chip - Invited Lecture," J. Anal.
At. Spectrom., 17 (9), 1103-1107 (2002).

H. Yoshiki and Y. Horiike, "Capacitively coupled microplasma source on a chip
at atmospheric pressure," Jpn. J. Appl. Phys. Part 2 - Lett., 40 (4A), L360-1L362
(2001).

J. T. Hu, J. G. Wang, X. Y. Liu, D. W. Liu, X. P. Lu, J. J. Shi, and K. Ostrikov,
"Effect of a floating electrode on a plasma jet," Phys. Plasmas, 20 (8), 5 (2013).
D. S. Lee, K. Tachibana, H. J. Yoon, and H. J. Lee, "Enhancement of Optical
Emission by Floating Electrodes in a Planar Microdischarge Cell," Jpn. J. Appl.
Phys., 48 (5), 8 (2009).

Q. Y. Nie, C. S. Ren, D. Z. Wang, and J. L. Zhang, "Simple cold Ar plasma jet
generated with a floating electrode at atmospheric pressure,” Appl. Phys. Lett., 93
(1), 3 (2008).

G. Xu, J. Liu, C. Yao, S. Chen, F. Lin, P. Li, X. Shi, and G. J. Zhang, "Effects of
atmospheric pressure plasma jet with floating electrode on murine melanoma and
fibroblast cells," Phys. Plasmas, 24 (8), 10 (2017).

C. Meyer, D. Demecz, E. L. Gurevich, U. Marggraf, G. Jestel, and J. Franzke,
"Development of a novel dielectric barrier microhollow cathode discharge for
gaseous atomic emission spectroscopy,” J. Anal. At. Spectrom., 27 (4), 677-681
(2012).

X. Lu, M. Laroussi, and V. Puech, "On atmospheric-pressure non-equilibrium
plasma jets and plasma bullets," Plasma Sources Sci. Technol., 21 (3), 17 (2012).
N. Jiang, A. L. Ji, and Z. X. Cao, "Atmospheric pressure plasma jet: Effect of
electrode configuration, discharge behavior, and its formation mechanism," J.
Appl. Phys., 106 (1), 7 (2009).

P.R. Cabarrocas, P. Gay, and A. Hadjadj, "Experimental evidence for nanoparticle
deposition in continuous argon-silane plasmas: Effects of silicon nanoparticles on
film properties," J. Vac. Sci. Technol. A-Vac. Surf. Films, 14 (2), 655-659 (1996).
R. M. Sankaran, D. Holunga, R. C. Flagan, and K. P. Giapis, "Synthesis of blue
luminescent Si nanoparticles using atmospheric-pressure microdischarges," Nano
Letters, 5 (3), 537-541 (2005).

D. Mariotti, V. Svrcek, and D. G. Kim, "Self-organized nanostructures on
atmospheric microplasma exposed surfaces," Appl. Phys. Lett., 91 (18), 3 (2007).
G. Arnoult, T. Belmonte, and G. Henrion, "Self-organization of SiO2 nanodots
deposited by chemical vapor deposition using an atmospheric pressure remote
microplasma," Appl. Phys. Lett., 96 (10), 3 (2010).

F. Iza, G. J. Kim, S. M. Lee, J. K. Lee, J. L. Walsh, Y. T. Zhang, and M. G. Kong,
"Microplasmas: Sources, particle kinetics, and biomedical applications," Plasma
Process. Polym., 5 (4), 322-344 (2008).

M. Keidar, "Plasma for cancer treatment," Plasma Sources Sci. Technol., 24 (3),
20 (2015).

G. Isbary, J. Heinlin, T. Shimizu, J. L. Zimmermann, G. Morfill, H. U. Schmidt,

78

doi:10.6342/NTU202102106



35.

36.

37.

38.

39.

40.

41.

42.

43.
44.

45.

46.

47.

48.

49.

50.

51.

R. Monetti, B. Steffes, W. Bunk, Y. Li, T. Klaempfl, S. Karrer, M. Landthaler, and
W. Stolz, "Successful and safe use of 2 min cold atmospheric argon plasma in
chronic wounds: results of a randomized controlled trial," Br. J. Dermatol., 167
(2),404-410 (2012).

H. J. Lee, C. H. Shon, Y. S. Kim, S. Kim, G. C. Kim, and M. G. Kong,
"Degradation of adhesion molecules of G361 melanoma cells by a non-thermal
atmospheric pressure microplasma," New J. Phys., 11, 13 (2009).

K. S. Siow, L. Britcher, S. Kumar, and H. J. Griesser, "Plasma methods for the
generation of chemically reactive surfaces for biomolecule immobilization and
cell colonization - A review," Plasma Process. Polym., 3 (6-7), 392-418 (2006).
Y. J. Yang, M. Y. Tsai, W. C. Liang, H. Y. Chen, and C. C. Hsu, "Ultra-Low-Cost
and Flexible Paper-Based Microplasma Generation Devices for Maskless
Patterning of Poly(ethylene oxide)-like Films," ACS Appl. Mater. Interfaces, 6
(15), 12550-12555 (2014).

W. Li, C. B. Zheng, G. Y. Fan, L. Tang, K. L. Xu, Y. Lv, and X. D. Hou, "Dielectric
Barrier Discharge Molecular Emission Spectrometer as Multichannel GC
Detector for Halohydrocarbons," Anal. Chem., 83 (13), 5050-5055 (2011).

B. Mitra and Y. B. Gianchandani, "The detection of chemical vapors in air using
optical emission spectroscopy of pulsed microdischarges from two- and three-
electrode microstructures," IEEE Sens. J., 8 (7-8), 1445-1454 (2008).

J. M. Symonds, A. S. Galhena, F. M. Fernandez, and T. M. Orlando, "Microplasma
Discharge Ionization Source for Ambient Mass Spectrometry," Anal. Chem., 82
(2), 621-627 (2010).

J. C. T. Eijkel, H. Stoeri, and A. Manz, "A molecular emission detector on a chip
employing a direct current microplasma," Anal. Chem., 71 (14), 2600-2606
(1999).

D.B. Luo,D.C.Ma, Y. He, X. S. Li, S. Wang, and Y. X. Duan, "Needle electrode-
based microplasma formed in a cavity chamber for optical emission spectrometric
detection of volatile organic compounds through a filter paper sampling,"
Microchem J., 130, 33-39 (2017).

P. D. I. Hertel, (2001/02).

L. Spinelle, M. Gerboles, G. Kok, S. Persijn, and T. Sauerwald, "Review of
Portable and Low-Cost Sensors for the Ambient Air Monitoring of Benzene and
Other Volatile Organic Compounds," Sensors, 17 (7), 30 (2017).

B. Szulczynski and J. Gebicki, "Currently Commercially Available Chemical
Sensors Employed for Detection of Volatile Organic Compounds in Outdoor and
Indoor Air," Environments, 4 (1), 15 (2017).

"HNU Portable Analyzer Technology & Specifications. Available online:
http://www.hnu.com/pdf/Portable AnalyzerTechnology Specs514.pdf."

"CUB® Instrument User Manual V1.9. Available online:
http://www.geotechenv.com/pdf/air_quality/ion_science_cub.pdf,"

F. M. Peng, P. H. Xie, Y. G. Shi, J. D. Wang, W. Q. Liu, and H. Y. Liu,
"Photoionization detector for portable rapid GC," Chromatographia, 65 (5-6),
331-336 (2007).

"What is Photoionization Detector? Available online:
https://instrumentationtools.com/photoionization-detector/,"

G. C. Rezende, S. Le Calve, J. J. Brandner, and D. Newport, "Micro
photoionization detectors," Sens. Actuator B-Chem., 287, 86-94 (2019).

M. Mori and Y. Sadaoka, "Potentiometric VOC detection at sub-ppm levels based

79

doi:10.6342/NTU202102106


http://www.hnu.com/pdf/PortableAnalyzerTechnology_Specs514.pdf
http://www.geotechenv.com/pdf/air_quality/ion_science_cub.pdf
https://instrumentationtools.com/photoionization-detector/

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

on YSZ electrolyte and platinum electrode covered with gold," Sens. Actuator B-
Chem., 146 (1), 46-52 (2010).

"ETO-A1 Ethylene Oxide Sensor. Available online:
http://www.alphasense.com/WEB1213/wp-content/uploads/2016/06/ETO-
Al.pdf",

"Detecting and Identifying Clandestine Drug Laboratories: Sensing Technology
Assessment - Scientific Figure on ResearchGate. Available from:

https://www.researchgate.net/figure/Schematic-of-a-typical-electrochemical-gas-
sensor-17_fig7 255660220,"

G. Korotcenkov, S. Do Han, and J. R. Stetter, "Review of Electrochemical
Hydrogen Sensors," Chem. Rev., 109 (3), 1402-1433 (2009).

R. J. Katulski, J. Namiesnik, J. Stefanski, J. Sadowski, W. Wardencki, and K.
Szymanska, "MOBILE MONITORING SYSTEM FOR GASEOUS AIR
POLLUTION," Metrol. Meas. Syst., 16 (4), 677-682 (2009).

"FIS Inc. FIS GAS SENSOR SP3-AQ2 for AIR QUALITY CONTROLS (VOCs).
Available online: http://www.fisinc.co.jp/en/common/pdf/SP3SAQ201E_P.pdf,"
V. Amiri, H. Roshan, A. Mirzaei, G. Neri, and A. 1. Ayesh, "Nanostructured Metal
Oxide-Based Acetone Gas Sensors: A Review," Sensors, 20 (11), 25 (2020).

E. Pargoletti and G. Cappelletti, "Breakthroughs in the Design of Novel Carbon-
Based Metal Oxides Nanocomposites for VOCs Gas Sensing," Nanomaterials, 10
(8), 31 (2020).

D. Z. Zhang, Z. M. Yang, S. J. Yu, Q. Mi, and Q. N. Pan, "Diversiform metal
oxide-based hybrid nanostructures for gas sensing with versatile prospects,"”
Coord. Chem. Rev., 413, 26 (2020).

S. Kulinyi, D. Brandszajsz, H. Amine, M. Adam, P. Furjes, 1. Barsony, and C.
Ducso, "Olfactory detection of methane, propane, butane and hexane using
conventional transmitter norms," Sens. Actuator B-Chem., 111, 286-292 (2005).
P. Tardy, J. R. Coulon, C. Lucat, and F. Menil, "Dynamic thermal conductivity
sensor for gas detection," Sens. Actuator B-Chem., 98 (1), 63-68 (2004).

A. Allouch, S. Le Calve, and C. A. Serra, "Portable, miniature, fast and high
sensitive real-time analyzers: BTEX detection," Sens. Actuator B-Chem., 182,
446-452 (2013).

L. F. Capitan-Vallvey and A. J. Palma, "Recent developments in handheld and
portable optosensing-A review," Anal. Chim. Acta, 696 (1-2), 27-46 (2011).

X. Liu, S. T. Cheng, H. Liu, S. Hu, D. Q. Zhang, and H. S. Ning, "A Survey on
Gas Sensing Technology," Sensors, 12 (7), 9635-9665 (2012).

A.J. McCormack, S. C. Tong, and W. D. Cooke, "SENSITIVE SELECTIVE GAS
CHROMATOGRAPHY DETECTOR BASED ON EMISSION
SPECTROMETRY OF ORGANIC COMPOUNDS," Anal. Chem., 37 (12), 1470-
+(1965).

B. Mitra, B. Levey, and Y. B. Gianchandani, "Hybrid arc/glow microdischarges at
atmospheric pressure and their use in portable systems for liquid and gas sensing,"
IEEE Trans. Plasma Sci., 36 (4), 1913-1924 (2008).

Y. Duan, Y. Su, and Z. Jin, "Capillary-discharge-based portable detector for
chemical vapor monitoring," Rev. Sci. Instrum., 74 (5), 2811-2816 (2003).

R. L. Vander Wal, C. K. Gaddam, and M. J. Kulis, "An Investigation of Micro-
Hollow Cathode Glow Discharge Generated Optical Emission Spectroscopy for
Hydrocarbon Detection and Differentiation," Appl. Spectrosc., 68 (6), 649-656
(2014).

80

doi:10.6342/NTU202102106


http://www.alphasense.com/WEB1213/wp-content/uploads/2016/06/ETO-A1.pdf
http://www.alphasense.com/WEB1213/wp-content/uploads/2016/06/ETO-A1.pdf
https://www.researchgate.net/figure/Schematic-of-a-typical-electrochemical-gas-sensor-17_fig7_255660220
https://www.researchgate.net/figure/Schematic-of-a-typical-electrochemical-gas-sensor-17_fig7_255660220
http://www.fisinc.co.jp/en/common/pdf/SP3SAQ201E_P.pdf

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

R. L. V. Wal, J. H. Fujiyama-Novak, C. K. Gaddam, D. Das, A. Hariharan, and B.
Ward, "Atmospheric Microplasma Jet: Spectroscopic Database Development and
Analytical Results," Appl. Spectrosc., 65 (9), 1073-1082 (2011).

F. Y. Meng and Y. X. Duan, "Nitrogen Microplasma Generated in Chip-Based
Ingroove Glow Discharge Device for Detection of Organic Fragments by Optical
Emission Spectrometry," Anal. Chem., 87 (3), 1882-1888 (2015).

X. Jiang, Z. Hu, H. He, J. Luo, Y. Tian, and X. Hou, "A two-dimensional sensor
based on dielectric barrier discharge molecular optical emission and
chemiluminescence for discrimination analysis of volatile halohydrocarbons,"
Microchem J., 129, 16-22 (2016).

X. Jiang, C. H. Li, Z. Long, and X. D. Hou, "Selectively enhanced molecular
emission spectra of benzene, toluene and xylene with nano-MnO2 in atmospheric
ambient temperature dielectric barrier discharge," Anal. Methods, 7 (2), 400-404
(2015).

C. H. Li, X. Jiang, and X. D. Hou, "Dielectric barrier discharge molecular
emission spectrometer as gas chromatographic detector for amines," Microchem
J., 119, 108-113 (2015).

B. Han, X. Jiang, X. Hou, and C. Zheng, "Dielectric barrier discharge carbon
atomic emission spectrometer: universal GC detector for volatile carbon-
containing compounds," Anal Chem, 86 (1), 936-942 (2014).

W. Li, C. Zheng, G. Fan, L. Tang, K. Xu, Y. Lv, and X. Hou, "Dielectric barrier
discharge molecular emission spectrometer as multichannel GC detector for
halohydrocarbons," Anal Chem, 83 (13), 5050-5055 (2011).

R. Guchardi and P. C. Hauser, "A capacitively coupled microplasma in a fused
silica capillary," J. Anal. At. Spectrom., 18 (9), 1056-1059 (2003).

D. B. Luo, Y. X. Duan, Y. He, and B. Gao, "A Novel DC Microplasma Sensor
Constructed in a Cavity PDMS Chamber with Needle Electrodes for Fast
Detection of Methanol-containing Spirit," Sci Rep, 4, 9 (2014).

F. Meng, X. Li, and Y. Duan, "Chip-based ingroove microplasma with orthogonal
signal collection: new approach for carbon-containing species detection through
open air reaction for performance enhancement," Sci Rep, 4, 4803 (2014).

B. Wang, W. Cao, and Y. Duan, "Selective detection of organophosphate nerve
agents using microplasma device," Anal. Methods, 6 (6), 1848-1854 (2014).

J. H. Fyjiyama-Novak, C. K. Gaddam, D. Das, R. L. Vander Wal, and B. Ward,
"Detection of explosives by plasma optical emission spectroscopy," Sens.
Actuator B-Chem., 176, 985-993 (2013).

R. S. Braman and A. Dynako, "DIRECT CURRENT DISCHARGE SPECTRAL
EMISSION-TYPE DETECTOR," Anal. Chem., 40 (1), 95-& (1968).

T. Yang, D. X. Gao, Y. L. Yu, M. L. Chen, and J. H. Wang, "Dielectric barrier
discharge micro-plasma emission spectrometry for the detection of acetone in
exhaled breath," Talanta, 146, 603-608 (2016).

Z. Jin, Y. X. Su, and Y. X. Duan, "A low power, atmospheric pressure, pulsed
plasma source for molecular emission spectrometry," Anal. Chem., 73 (2), 360-
365 (2001).

R. Guchardi and P. C. Hauser, "Determination of organic compounds by gas
chromatography using a new capacitively coupled microplasma detector," Analyst,
129 (4), 347-351 (2004).

A. R. Hoskinson, J. Hopwood, N. W. Bostrom, J. A. Crank, and C. Harrison,
"Low-power microwave-generated helium microplasma for molecular and atomic

81

doi:10.6342/NTU202102106



86.

87.

88.

89.

90.

91.

92.

93.

94.

spectrometry," J. Anal. At. Spectrom., 26 (6), 1258-1264 (2011).

J. C. T. Eijkel, H. Stoeri, and A. Manz, "A dc microplasma on a chip employed as
an optical emission detector for gas chromatography," Anal. Chem., 72 (11), 2547-
2552 (2000).

X. Liu, Z. L. Zhu, H. L. Li, D. He, Y. T. Li, H. T. Zheng, Y. Q. Gan, Y. X. Li, N.
S. Belshaw, and S. H. Hu, "Liquid Spray Dielectric Barrier Discharge Induced
Plasma-Chemical Vapor Generation for the Determination of Lead by ICPMS,"
Anal. Chem., 89 (12), 6827-6833 (2017).

Y.J. Luo, Y. Yang, Y. Lin, Y. F. Tian, L. Wu, L. Yang, X. D. Hou, and C. B. Zheng,
"Low-Temperature and Atmospheric Pressure Sample Digestion Using Dielectric
Barrier Discharge," Anal. Chem., 90 (3), 1547-1553 (2018).

Y.H. He, Y. Lv, Y. M. Li, H. R. Tang, L. Tang, X. Wu, and X. D. Hou, "Dielectric
barrier discharge-induced chemiluminescence: Potential application as GC
detector," Anal. Chem., 79 (12), 4674-4680 (2007).

S. Hagenhoff, J. Franzke, and H. Hayen, "Determination of Peroxide Explosive
TATP and Related Compounds by Dielectric Barrier Discharge Ionization-Mass
Spectrometry (DBDI-MS)," Anal. Chem., 89 (7), 4210-4215 (2017).

U. Kogelschatz, "Dielectric-barrier discharges: Their history, discharge physics,
and industrial applications," Plasma Chem. Plasma Process., 23 (1), 1-46 (2003).
T. C. Manley, "The Electric Characteristics of the Ozonator Discharge,"
Transactions of The Electrochemical Society, 84, 83 (1943).

Z. Falkenstein and J. J. Coogan, "Microdischarge behaviour in the silent discharge
of nitrogen-oxygen and water-air mixtures," J. Phys. D-Appl. Phys., 30 (5), 817-
825 (1997).

Laux C O 2002 Radiation and nonequilibrium collisional-radiative models
Physico-Chemical Modeling of High Enthalpy and Plasma Flows (von Karman
Institute Lecture Series 2002—-07) ed D Fletcher et al (Rhode-Saint-Gen'ese,
Belgium) www.specair-radiation.net

82

doi:10.6342/NTU202102106


file:///D:/台大之旅/阿丞碩論/www.specair-radiation.net

7% i é%

71 B AR AL KB R

2%:ﬁ%ﬁ&Aﬂ%ﬁTﬁ%éﬁa’ﬁujéﬁﬁf‘lit’agv@
4
K4

PEF ERIMIL L FHEAT ArRRE T R E R

\.;:
fmp
e
(‘ﬂ}

EARET TR FT L RAFY § RGBT Al g F R
Renfuin fH AR 7 EEAEREY A3 LA RS R 2 AT R
EFUFPASBRERLENENES cRa  AFTFIREF R T ame kA

T FFET > UK R PET A T R T LA DETE I IR AR
T18E 72 B9 2N gk ¥4 LA M doBla(a)2(b) o HN (a)E
Ben7 fE ek 80— ARG Ep b ped )50 5 BN (D) a3 ek
RIECE et T RT3 3 TR AR AR 8 F T Fl5e R gt b R T
FIZLE S8 2 ek B £ 3 BRI PR RADE G B A A 2 5 7
B

7 BRIETE RS TR AP R AE S AR L
Foe- BB G dmokiin R LT & 10%7 1 258 K <308 [ 303%=0 f %
Tiork i R 10%00 k¥l > R RGEE Y - ik #g Mgt e B i
PRl 5 A AR o g b TS e Bk AR £ F o FI A PSR Bk vt P
§ Bk BB AR (L T 1200 B o R B A 2T o K- AR Rk
SR ZlEE o R FRER AT A AT R Y S PR R - iR
P EES A SRR R T 0 Ao R] 730 SRR S N e B AR T A Lk
W2 BRI A R B R UHR I R s RART 2 2 L Blo| R
bAoA SN F A AP it e £ 8 (Support Vector Machine, SVM)
PEE 0 B A RAER TR ML BRI - R RS AN R A R R
B ARFTUESEPREY B ERTE IR UHRFTREFHEI IR L
B SRR B Y ARTOE G TR L E R U RAINA RE T F]A L A
g ALt BRI B A h AT o

83

doi:10.6342/NTU202102106



(2)

; x10*
——696nm
———T706n

750

& ——841ni

5 —

) Time (sec)
Jan i
nl'iﬂp'\"'rl"fl",|lf1...'l‘\'|]|‘ 1 VIV O I T PR A,
il | Wi T I!wl l‘ ]
Uiy wm

o

1 | | I
100 200 300 400 500 800
Time (sec)

o

B 7.1 & @ﬁff_@?] 4 4kVpp ~ 36 kHz 42 & # 7 %mﬁ FE 7 FE Ak

FARRALBR () TR BR ) -

84

doi:10.6342/NTU202102106



4
%10

] E—e— ! :

——708nm
750nm

841nm
2 - —

o
Attt ettt s s

|
. st ol kAL AL .
H."\,\C.AM._‘\‘.‘I'R)'."Mt".m;‘v“":ﬁ"”"*.'“\"w“‘"m”“‘r”“‘#"‘JF‘“IM“r',‘\"’h!v"l'"m” e

—_
w
T
|

Intensity

u |
MNWMHMWWNNWWWMMWWWMMWWM‘J.W»WWN "‘«mamww\/}‘mwM‘"‘""""‘“""L"W”‘ Pt b

-

|
= ! " A
0.5 o ¥ A gy s N gy A A A b N s At e AR ) W s et o e

0 ! I I ! L
0 20 40 60 80 100 120

Time (sec)

B 7.2 oA RACEE N 4kVpp ~ 36 kHz Bz g § TR Rk -

800 v
' .I. = Stable group1 '
© 700 e Stable group2 i
= ] 4 Stable group3
T 600 v Stable group4
o 4 4
z ] 4 Unstable group1
= » Unstable group2| *
500 E
e » Unstable group3
< o
=) 400 - + Unstalbe group4 ]
B 1 > 1
§ 300 ]
W ] & * v N
9 200 %* -
g ] « <
E104 | “ -
= * .
0 - ™ » » ¥ ¥
696 nm 706 nm 750 nm 811 nm 841 nm
Specific Wavelength

Bl 73 4B 0% R 10%:kHEcR B R 0 B A 2 R ACE A 4 4KVpp -
36 kHz Bdseng § & LT AR

85

doi:10.6342/NTU202102106



TR SR LT F IR RIS AT R WREDE G S R
kL H AR il a1 F R i KO R 2 B ahp ARdp e 2L

=2
3

2 A Gwdn FRC A T RE R SRR F R G Pk E i b0 R
Foooadg g AR RIFIHT A R - o ¥ 2w iEPEY § 7 B
BhRRETES B b B RRG A 0 F F amekap ot iEg g 8 LR e
P RN BOEL R A B M MATSEAL AL FEM A FRR R
BRI AP EFE G BIARE R D DT

)
+

[
(=
Bt
iy
g
=y
!
bl
—m“d-

K""/ﬁﬁ{/*f‘*”f@rmp’%:}’bv é;\,, ‘I%Efé’}fﬁjjﬂ
ﬂéiﬁ’?ﬁﬂﬁ*ﬁﬁﬂié%Fﬁwﬁﬁﬁiﬁm % o - fa
PR FENRA BEYH R g R PR R T E DR R R

?igﬁﬁﬁ:ﬁ%i’%éﬁik B R S B MR b
*

TR REENGER R 2 PG RSP ER 4157 wiln
kVpp~5kHz a5 F B v 2> 3 & F 2% ik @ e B 2 D50~

o
el
imﬂ
A8

N~

—r‘ﬁﬁ

ey
B¥ - A 4H3s
D80 # 77 myéW%\%%’Jﬁ%ﬁ*%lﬁ%@3§%W@ﬁ$ﬁ%“°¥
- BRI N ARARH TR LERSH P R R RFE O R 75 ¢
CN k=% + 2 9 N2 (391 nm) ~ N2(393 ~ 399 nm)4F s 3 & & A 5 P AEea % >
A CN a5 7 6 20% 0 7 Fie- H Epu L B BYHFHFT > & 82
- R CN kL 58 5 % = f6° 3 S AR imE ) RRPIELE IRE F
2 CN £ 2k » R F A el > B 7.6 ¢ %33 % F e Duty 22 R 4>
2000 ppm R F R R T AR F LR > T A A F L TR S AT RO
Bl ek iR enpE R R R S e Flp A Bk ikl U ot BREA

Aarek i E oo

86

doi:10.6342/NTU202102106



25@ ﬁ'g/._,&mq\l F/,;,v}’K— %é-z = ‘*b i‘aﬁé CN%fr,{{;:‘%sc%m%%{ '37 o

R T GRRALE R P AR ER R B FE S e

RERIRMPER gﬁ’liy‘oﬁﬁipaﬁmwfﬁéﬁlﬁ’@mﬁ; 5 ON
FUBL I A SR TS R S S R BRI P DB M b

EHEIERPPER « FP > B R CFF R RREAFR LA P T A (T
FRA I b- A2 ARG UF TSR RGHBEARNATAR G F ¢ L
%& N’gsiélé‘:;,%%ﬁ‘ﬁv? E‘E °

87

doi:10.6342/NTU202102106



mE R H T., fixed

Burst
B3 ] %5 Period fixed
B 7.4 X nw % ?Iﬁ'ﬁiﬁ A e 2Pt 1 R
1 -
o
IS
(02
— Air
—— 2000ppm
— Off 8ms
o — Off 2ms
380 3s|35 3930 3935 4(|)0 405 410
Wavelength (nm)
B 7.5 ﬁe?] R B3S5kVpp5kHz * - Fleicx Bl ivpFF o

88

doi:10.6342/NTU202102106



Ratio

Air
—— 3000ppm
— D50
D80
0 T T T T T T T T T T
380 385 390 395 400 405 410

Wavelength (nm)

T R3S5kVpp SkHz» = % - BT %% ¥ 10ms ~ stk P

R

< %%W?&LL o

89

doi:10.6342/NTU202102106





